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Daily Reports 

• 



Oct. 18, 1983 Arriv.al of Dr. Gunnel in Hyder.abaci. After 

visit to pl•nt started col!l!lissioning of pl.ant 

b•sed en extended RRlH/~GI PI-DIAG<.AM. A 

complete check of process and utilities line ~~11 

- be finished this week and will be commented •nd 

completed with a P & I brought to 'as build' 

conditions. Lists of alarm-•nd $'/-settings 

•re in progress. Start up of steam plant to 

heat up H.P steam heaoer is planned for end of 

• next week followed by S/U of 02-plant. 

• 

Oct. 19, 1983 Discussion on P &IScheme of Unit ~ 

Comment: Some modifications to be done after 

general plant shut down. 

A. HP 8. LP Steam lines: 

1. To sepa1·ate the drain lines from 'MiB eind 

gasifier jacket; 

2. To incorporate PI.ICO in the P & I scheme. 

(oxygen shut off cy low steam pressure) • 

3. To instal a by poss line at steam isoletion 

valve for the use of initial start up ano to 

have a constont minimum flow of steam during 

start up. RRL provide later. 

4. To remove the insulat1'>n from valve OH 414 in 

order to change the position of figure 8 blind. 
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~. To indicate correctly in the P & I scheme the 

position of pressure gauge in HP steam heaoer 

between jacket and flange steam connections. 

6. To fix a blind in water line from ash lock 

condensate line. 

Connent: Ref: Cooling water for flushing 
condensate line. 

7. To tighten up or remove the pressure gauge 

fixed on duplex pump G ~ • 

8. To fix the blind in oxygen line at F C.01 as 

soon as the pneumatic' tests are over. 

9. To change the position of oxygen line leading 

to mixing tube F ~ before start up. The 

oxygen line may be installed above the HP 

steam line or at least from the side of it. 

Cormtent: o2-line enters from bottan. Deposition 
of tar condensation is possible. 

To be discussed: (1) Cleaning permanently 
before s;u (2) Steam and o2-line 
through hose connection. 

B. HP & LP Feed Water lines: 

l. To prepare a list of all instrument alarms 

and safety valves, their set points and their 

testing accorcing to IBR • 
• 

2. All non-return valves are to be checked for the 

direction of flow. 

3. To set the pressure of feed water tank at 

o.~ kgJCm2 (~euge). 

l 
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4. To discuss the possibility of discCIUlecting 
HP feed water line permanently leading to waste 
heat boiler -~d after cooler. The connection 
between gas liquor inject.ion pipe and H.P. 
BFW #ill be used only as standby. Connection 
from BFYi-supply to after cooler is blinded. 

5. To f~1d the velocity of crude gas coming out 
of after cooler E 437 in order to check up 
the size of the pipe line. O.K. appr. 12 m/sec. 

c. Liquor, oil and gas lines: 

1. Raw gas safety valve on W.HB to be provided on 
the high pressure side with H.P. STM purge. 

2. To remove the wheel of valve ell ~11 fixed in 
outlet of gas line from after cooler, after 
opening it fully to ensure its open position 
during normal operation. 

3. To study the possibility of mixing jacket 
steam into HF steam leading to mixing tube, and 
to discuss the differential pressure in 
jacket and gasifier. Design jp (Max)= 2.5 bar. 

4. To instal a sight glass in overflow line of 
expansion vessel F 423. 

5. The coal lock gas inlet valve to be raised a 
little for operational converience. 

6. To provide tapping of gas samples from gas lines 
at the top of the line instead of bottom. 

Oct. 20, 1983 Comments/recommendations made by Dr. Gummel 
during disc1!ssivns on 20.10. 1983 

• 
In continuation of discussions of 19 October, 1983 
the P & I scheme of the section 800 (Tri..NK FAFM) 

was discussed and inspected. 

1. Installation of flow orifices in Tat· line/Gas 
liquor lines in order to avoid errosion 
problems due to pressure release in the 
e~pansion vessels. To be provided later if 
necesseiry. 

-1 
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Oct. 2l, 1983 

2. Provision of a hose ~onnection below the tanks 
F 811, F 812 and F 814 for flushing drain lives 
and down ~tream transport. 

3. To check the area for the disposal of the drains 
from F 811, F 812 and F 814. 

- 4. To avoid atmospheric pollution provision of 
a tie in to the existing flare for the burning 
of the gas vapours released from the expansion 
vessels F 801 and F 802, since the gases contain 
NH3, phenolics and H2S. 

5. The control panel was also inspected • 

Following pre-commissioning tests were done: 

5.1 The high pressure gas liquor pump was started 
and the after cooler sump and the sump of 
waste heat boiler were filled. 

5.2 The local indicators of the sumps were checked. 

Coll'l!lent: It is suggested that high and low level 
alarms be also provided for the level 
indicators in the A.cooler and and W.H. 
boiler. 

5.3 The gas liquor recircul~tion pump was started 
and operated • 

Cow.ment: The local level indicator gauge position 
of WHB may be changed to a place below 
where the operator can see anc regulate 
the manual control. 

5.4 Boiler feed water pump was started ano the 
gasifier jacket was filled to the required 
level with B .F .water.-

1. Written procedure for the estimation of 0 2 , C02 

from the exit gas from gasifier to be made. 



2. Alarm to be provided while the coal tub is 
going up and coming down. 

3. Sample collectors i.e. foot ball bladders with 
valves to be provided. 

4. Gasifier is taken to a press of 7 bar and level 
controllers of After c~ole~, and W.H. boiler 
adjusted with control valves. The High pressure 
Gas liquor pumps were operated and water was 
injected into above. The return flow of excess 
water from the sumps was checked. The contro-

. llers range was adjusted for ~ and 60%. The 
operation of ash gr~te and W.H.B. recirculation 
pump were checked under pressure. 

5. The list of high and low levels alarm for 
different level controlers was prepared. 

6. The list of safety valves in gasification section 
was made ano their set blow off pressure noted. 

7. The log-sheet prepared earlier by Rf\L for shift 
operation record was discussed. 

8. The oper~tion philosophy of the ash lock 
chamber was explained. 

9. The following programme of· work was planned for 
• next Monday. 

9.1 Prevision of high pressure steam to heat up 
the feed water and gasifier jacket water and 
check the operation of level ~ontroller. 

9.2 Operation of the ash lock to be demonstrated 
and training of q:>erators. 

9.3 The philosoohy of oper1tion of coal lock is 
to be explainec and training of operators. 

-1 
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~ Oct. 24, 1983 Arrival of Mr. Kuepfer in Hyderabad. 

Oct. 25, 1983 

1. Items 1, 2, 3 of 21 October, 19~3 are to be 
done again on 25 October, 1983. 

2. Provide a blind in the steam line to BHEL and 
check for leakage. 

- 3. The non-return valve for oxygen to be changed 
to a SS valve. The existing one is forged 
steel valve. Replaced by washing o2-line 

and non return valve with CTC. 

4. ~ rpm - vs position of PIV indicator with 
calibration is to be provided. 

5. f.\11 drains at different levels of the plant to 
be diverted to an outside area: 

Steam vents 
Level controls 
Safety valves outlets. 

6. The level gauges are to be cleaned. 

7. Indicator for steam drum level and crude gas 
pressure are not connected to the control room. 
The P\C nuts are to be ~eplaced with brass nu~s. 
This must be taken up at the earliest. 

e. Cleaning of oxygen line to. gasifier with CTC 
(on Saturday or Sunday). 

1. To remove air bypass line connecting air 
compressor and oxygen compressor for safety 
reasons. A separate air line from air 
compressor is to be laid from air compressor to 

the mixing tube. 

2. All steam traps to be cr.ecked for thei~ operation 
(HP 8. LP). • 

3. The flange connection before heating coil to 
ash lock to be tightened. 
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Octo 26, 1983 
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•. Zero points on o2 and steam lines to be checked 

with actual signals at flow levels. Zero check 
can be done by instruments people with pressure 
equalatior: line. 

5. To prepare correction charts for air and oxygen 
ar.d steam. 

6. Level indicator 4403 (~.H.Boiler) is indicating 
10% error in control room. Local indicator is 

indicating correctly. 

7. Gas liquor recirculation pump may be provided 
with an AJDper meter (preferably in control room). 

8. New orifice plates to be placed in gas liquor 
injection lines to restrict and adjust the flow 
into '1\HB and after cooler. 

9. P ~108 on the gas liquor recirculation pump 
to be rotated by 180° so that it is visible from 

steam header. 

10. To provide a parallel pressure gauge indicating 
• 

gasifier pressure at coal lock ar.d ash lock. 

11. To put two more rings in the stuffing box in 
the operating lever of the ash lock. 

Programme for October 26, 1983 

l. H.P. and L.P. steam to be made available. 
2. Repeat operation of ash lock with other. 
3. Operation of coal lock to be deffionstrated. 

l. Ash lock lever and coal lock lever to be provided 
with indication (visual) for open and dosed 

positions. 
• 2. Festriction orifice to be provided in crude gas 

pressurising line to coal lock. Orifice dia 
may be 31'!1n/4mm. This orifice may be provided 

in valve GS 431. 

.. --l 



Oct. 71, 1983 

3. Standby power to be provided for: (extended by 

note Z7 October 1983; point 3) • 

HP feed water pump; 
Gas liquor recirculation pump and 
High press. gas liquor injection pump. 

- "4-. Communication system between all floors to be 
provided. RR1. provide later. 

5. To modify the depressurising system of ash lock 
to insure that the depressurisation is complete. 

Programme for October 71, 1983 

l. Low pressure steam line in 800 section (Tank 
farm) to be commissioned. 

2. Support or propping to1be ash lock lever. 

3. Jacket water level controller to be tested again. 

1. Accessability to the gas liquor inje~tion valves 
to be orovided on Yfffi and after cooler. 

2. Provide valve in the condensate line going into 
the gas liquor tank (Normally closed). 

3. Standby diesel power to be provided. 

4. 

5. 

6. 

HP feed wa~er p~mp, 
Gas liquor recirculation pump, 
High pressure gas liquor injection pumps, 
Lights anc (v) pannel board. 

Gas liquor tank t.o be provided with level 

inoicators like dip-stick/floating stick. 

r.odi~ional support to be prov idea for steam 

Multipoint temperaturg recorder 4201 to be 

checked. • 

7. Charts of Recorders to be checked for the 
rotation. 

line. 
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S. Near the ash lock electrical cables to be 
sheilded (G.I. sheet). 

9. Stuffing box of coal lock bottom cone to be 
tightened. 

10. Provision of drain lines to the impulse lines 
from the coal lock and gasifier. RF.L will 

provide later steam purge. 

11. Bolts on the gland on the scrapper to be changed. 
The leaking gland to be mcde good. 

12. Provide a bypass to the overflow line of 
expansion vessel. 

Programme for October 29, 1983 

1. RP,peat of training of operation in case of 
power failure. 

2. Supports for ash lock bottom & top cone levers. 

3. Checking the function of solenoid valve • 

• 
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Oct.~. 1983 

Nov. 1, 1)83 

Nov. 2, 1983 

Nov. 3, 1983 

• 
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l• The flow of oxygen and ste1m through the 
orifice were checked (by calculation) against 
the pressure drop. 

2. The flow of steam through the steam pipe and 
its indication in flow indicator was checked. 

3. The gasifier was pressurised at 10 bar with air 
and steam. 

1. Mass flow of o2 , steam through the orifice 

calculations have been continued and flows at 
25 bar and 10 bar were calculated. Graphs were 
prepared for each of the gasifying agents i.e. 
steam and oxygen. 

2. High pre95ure steam and air were admitted into 
gasifier, and gasifier jacket for heating up. 
The gasifier was pressurised to 10 bar. The 
functioning of the temperature recorder, the 
flow indicators and ratio regulators were tested. 

3. Gas sampling lines and collection of samples 
were tested. 

l. Heating of feed water tank with HP steam ·11as 

started at 10.30 ~.M. oper~ ti on of gasifier 

at 10 bar tried. 

2. Working of instruments checked. 

3. Charts for flow of o2, HP steam air and crude 

gas at 10 bar and 25 bar were prepared. 

~. emergency power from diesel generator was 
provided for pumps and lighting • 

• 1. Operation of boiler at 20 bar and take maximum 
output of steam and operate gasifier at 10 bar 
and che~k its working o~ all instruments 
espec1ai~y ste~m flow. Air flow 3nd tir;Oxygen 
Cut off if steam fails, was tried • 



Nov. 7, 1983 

Nov. 8, 1983 

Nov. 9, 1983 
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2 •. Time required to heat up coal to the ignition 
temperature using H.P. steam. 

3. Collection of coal sample (from boiler feed) 
for analysis 

_l. Preparation of flow charts for air, oxygen and 
steam at different pressures was continued. 

2. The gasifier system comprising gasifier, waste 
heat boiler and after cooler, was pressurised to 
10 bar, with all level controllers and spray 
cooler recirculation pump in operation. 

3. The gasifier and jacket were steam heated. 

4. The gasifier was stoppea for maintenance, as 
there was a minor leakage in boiler and steam 
was not available. 

l. The gasifier system was pressurised to 10 bar 
with all the pumps in circuits and level 
controllers in operation. 

2. As there was no steam available, the drain pipe 
on the boiler was rearranged for controlling 
the HP steam supply to gasification unit. 

3. The checklist for the start up of gasifier was 
discussed. 

4. The boiler was started. 

l. The oxygen cut out for low steam pressures 
was checked; the response appeared to be slo't'i. 

2. Three coal locks full of coal was charged into 
the gasifier. It was heated with steam and 
ignited by admission of •air and steam. The C02 

and o2 content in gas were estimated. 

3. The gasifier was emptied ano the coal discharged 
was observed. 



Nov. 10, 1983 

I 

Nov. 11, 1983 

I 
Nov. 14, 1983 

• 
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l. The gasiiier was charged with fresh coal and 
using superheated steam and air. Temperature 
of gasifier outlet, co2 and o2 content of exit 

gas were observeci. At co2 levels of 18-20~ and 

oxygen less than 0.4%. Filling of the gasifier 

with coal was started. 

2. Difficulty was experienced in charging coal to 
gasifier through the coal lock as there was some 
blockage for free flow of coal from bunker. 
This was rectified and gasifier filled with coal 

at a pressure of 1 bar. 

3. The sumps of waste heat boiler and after cooler 
were discharged under a pressure of 3 bar and 
the process was repeated for three times. 

4. The gasifier was shut do~m due to lack of steam 

uncier pressure. 

1. Vfith the same charge of coal, the gasifier wes 
lighted again and the system was pressurised to 
5 bar with air operation, taking into consideration 
the co

2 
and o

2 
contents of exit gas. However 

the gasifier system was depressurised due to 

non-av a ilabiii ty of steam.· 

2. The gasifier was shut down for maintenance. 

l. Coal was charged into the gasifier; After the 
availabi~ity of H.P. steam the gasifier is 
pre-heated for 3 hours. Ignition of coal was 
made by admission of compressed air. 

2· The gasifier was filled with coal and operation 

of gasifier was continu~d at 5 bar. 
stabilisation of the plant the flare 
lighted. The gas was burning with a 

After the 
stack was 
blue flame. 

3. Operation of the plant at 5 bar was continued • 



Nov. 15, 1983 

Nov. 16, 1983 

Nov. 17, 1983 

Nov. 18, 1983 
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t\fter 24 hours satisfactory operation of the 
plant at 5 bar the plant, following maintenance 

works were done: 

The welding joint in the line of W.H.B. liquor 
recirculation pump was leaking. By isolating 

_ the pump from the circuit and adjusting the gas 
outlet temperature through regulation of high 
pressure liquor spray, the connecting piece was 
removed leakage at the welding rectified. The 
piece was hydraulically tested and replaced. 
The circuit was again brought into operation and 

temperatures controlled. 

The packing at the steam injection cooler {LP
steam system) got burst. The gasifier was 
depress•J:rised and the packing replaced. The 
gasifier was ag;in brought back to a ~ressure of 

5 bar and operated. 

1. Due to fluctuation in voltage the motor of the 
forced draught fan coil got burnt. The motor 
was reolaced and fan again started {B0iler house). 

2. There was power shut down, from 8.45 ~.M. to 

U.Xl P .M. 

3. The plant was started again and gasifier operated 

at 10 bar. 

1. The plant was continuously operctac at a 
pressure of 10 bar ana the personnel were 

trained. 

2. Operational con~itions were adjustea so that no 
clinker formation in the ash was observec . 

• 
1. The plant operation was continued at 10 bar with 

air and steam. 

2. The operating pressure was increased to 15 bar. 

... --I 
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Nov. 19, 1983 

Nov. 21, 1983 

Nov. 22, 1983 

l-4 

3. The plant w•s operated for 24 hours at 15 bar 

with air and steam. 

4. Arrangements were made to switch over to 
oxygen but this co111.d not be done due to 
unexpected trouble in the expansion turbine 

of the oxygen plant. 

1. Operation of the gasifier at 15 bar, with air 
and oxygen was continued. 

2. At 4.~ P.M. the plant was taken for a shut 
down for maintenance works. 

l. There was power tripping off from i-IJ>ScP four 
times. The maximum period at one time was 
about 2 hours. Hence the Oxygen plant that was 
stabilised, could not be taken for production 
of oxygen. Steady power supply was av~ilaole 

from 4 P.M. 

2. The steam flow controller which was taken for 
maintenance and the pressure transmitter were 
avoilable in service at about 4 P.M. 

3. From about 4.JO P.M. the plant was started and 
operated on air-steam at 10 bar. Operation 

was continued overnight. 

1. The operation of the gasifier overnight at 
10 bar with air and steam was continued. It 
was considered to operate the plant at 15 bar 
for a period 7 to 8 hours before oxygen was 

admitted. 

2. At about 4 P.M. oxygen was acmitted at gasifier 
pressure o: 5 bar and o~ygen stecm operation was 

contir.ued for 4 hours. 
3. The gasifie~ was brought back to air-steam 

oper~tion ana operatec overnight at 15 b~r. 



I Nov. 23, 1983 

I 

Nov. 24, 19f!3 

15 

l. The gasifier operating at 15 bar at air + 

steam was brought dc:rtm to 5 bar and oxygen 
was admitted at 10.30 A.M. 

2. Gasifier pressure was brought to 10 bar and 
maintained for about 2 hours. 

-3. When the pressure was increcsed to 12 bar, 
water hanunering was observeo in the line from 
steam injection cooler, steam collection drum 
af"'d feed water tank. · 

~. feed water pump was not able to pump water to 
steam collection drum as well as boiler at the 
desired pressure. 

5. The gasifier pressure was brought down 5 bar 
and switched_ over to air steam, to sort out 
the problem. 

l. The gasifier was maintained overnight on 
air-steam gasification. 

2. The feed water tank operating conditions were 
examined and set for a temp of lCC-1059:: and 
0.2 bar. 

3. The gasifier was switchea over to oxygen steam 
operation and at 12 bdr attempts were mace to 
regulate the steam collection drum pressure, 
and water level and also the feed wat.er tank 
conai tions. 

4. When the level in feed wa~er ~ank was maintained 
feed water to boiler was not suff ici~nt and 
pressure went down. 

o. Ihe motor of ash discharge grate of the gasifier 
• tripped and no ash was coming out. The plant was 

depressurised anc switched over to air steam and 

shut down. 

6. Attempts were mace to disturb the gasifier bed 
and discharge the ash. 



Nov. 25, 1983 

Nov. 27, 1983 

~ov. 28, 1983 

Nov. 29, 1983 
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l. Small quantity of clinkers were observeci during 
the discharge of ash. 

2. The grate was operated and ash continuously 
discharge<: till all the ash was dischcrgec and 
coal started coming out. 

-3. The .plant was taken for maintenance on November 
26, 1983. 

1. The plant was taken for remaining maintenance 
work. 

2. Air steam gasification was started following 
the normal procedures followed so far. 

l. The plant was brotiyht on to oxygen steam operation 
using the usual procedure ar.a pressure brought up 
to 12 bar and operated at 12-13 bar. 

2. Diffic~lty ~as e«perienced in supply of water to 
steam injection cooler-steam collection drum and 
waste heat boiler circuit as well as f eec water 
to the boiler. Th~ level in the steam collection 
drum could not be maintained. l/ihen more water 
was supplied to the steam collection drum, the 
boiler feed water wac; gei. ting eff ec-t.ed. 

3. The gasifier was depressurfsed and operated on 
air-steam to provide necessary arrangement for 
supply of additional water to steam injection 

cooler. 

1. The plant was operated again en oxygen + 

steam frcim 1050 am to i 15 pm. It was observed 
that the gland packing of the valve for the low 
pressure steam from the steam injection cooler 

• 
was badly leaking and needs reolace~ent. The 
coal lock top cone was also fO•Jna leaking. The 
H.F. feed water was not able to be pumpea even 
though H.f. feed water pump steam driven duplex 

pump were operated. 
2. The plant was shut down for the abov~ works and 

the works were completed. 

I 
II 



e Nov. JO, 1983 

Dec. l, 1983 

Dec. 2, 1983 

Dec. 3, 1983 

• 
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l. The boiler feed water pump was repaired to 
develop the necessary pressure and capacity. 

2. The gasifier was operated with oxygen steam and 

attempts were made to go to higher pressures up 

to 16 or 17 bar. 

~he problem of supply of necessary water to main~ain 
the level in steam collection drum at pressures 
higher than 12 car still remained unsolved. 

1. The feed water line to the steam injection 
cooler was isolated and a separate low pressure 
pump was installed to supply water to this circuit. 

2. The gasifier was operated at 10 to 12 bar and 
attempts were made to maintain the system. 

3. The maintenance of water level in the steam 
collection drum and supply of water to the circuit -
steam injection cooler - steam collection drum 
and waste heat boiler - was not possible even 
with this New LP-'fti:ter supply system. 

l. The plant was operated with oxygen and steam 

at 10 bar. 

2. The feed water was supplied through the BFY~ 
level controller as well as by pass line but the 

level coulo not be maintained. 

3. The inlet pressure of water at the 1.P. feed 
water . pump and at the level controller was 
checked. A AP of 4 to 5 bar was maintained and 
water supplied. But the level could not be 

maintained. 
• 

l. A separate connection for feeding water directly 
into the steam collection drum was made removing 
the level controller and the flow controller from 
the circuit. Feed water was supplied to the 

steam collection drum directly and wa~er level 

brought up • 
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2. After obtaining the required level and normally 
adjusting the feed water, the gasifier pressure 
could be maintained and the system was brought 
under balance and the pressure in the steam 
collection drum could be maintained at 2.5 to 

2.8 bar. 

3. The gasifier pressure could be gradually 
increased from 10 to 24 bar at the rate of 1 bar 
every 10 min~tes, steacily controll.ing t~e co2 
and o

2 
content in the crude gas. At 20 bar the 

bolts of the gasifier top were tightened and 
the plant was ooserved for any leakages. The 
system was found to be in order. It was 
maintained at that pressure for 45 minutes. 
The plant was taken for a shut down for ma inten.:nce 

works. 

• 
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Following check lists were discussed for the 
operation of the plant. 

(a) Planned shut down of a gasifier. 
(b) Emptying and cooling of a gasifier before 

blanks can be installed. 
{c) Preparation for installation of blinds after 

emptying the gasifier and cooling. 
(d) Installation of blinds after emptying and 

cooling gasifier and emptying. 
(e} Precautions to be taken before entering the 

gasifier after blinds are installed. 
(f) Preparation and removal of blinds from a gasifier 

after an internal inspection or a major 
maintenance before the gasifier can be started up. 

(g} The start up of a gasifier with high pressure 
steam and air. 

(h) The switching over of a gasifier from air to oxygen. 
At the plant maintenance works and modifications of 
the water connections b2tween feed water to steam 
injection cooler and steam collection drum were 
started, 

Dec. 6, 1983 The modifications to the feed water line to the steam 
injection cooler and steam collection drum were 
continued and completed. 
Other aspects of operational manual were also prepared 

and discussed. 
Discussions were held with operational staff on 
following aspects of operation: 
(i) Heating up the gasifier. (ii) Start up with air, 
(iii) Switching over to oxygen.(iv) control of cc2 

and o
2 

in crude gas.(v) Control of temperatures • 
• 

(vi) Increasing and decreasing of gasifier load and 
pressure.(vii) Preparation of gasifier for start up, 
(viii) Prepautions, safety etc. (ix) F.outine 

maintenance. 



• 

~-· 

Dec. 7, 1983 

Dec. 8, 1983 

Dec. 9, 1983 

The gasifier was started with air-steam operation 
and after 5 to 6 hours of operation and stabilisation 
of the system, operation was switched over to 
oxygen steam. The pressure of the gasifier was 
gradually brought up to 24 bar and maintained. 
The load was increased to 68% {about lCCO m3N of 

-raw gasifier/h). After operation at this pressure 
and load for same time, operation was changed over 
to air-steam at 5 bar and plant handed over for 
operation by RF..L-H staff. 

The ?lant was taken over for operation by HR.L-H 
and the operation was switched over to oxygen steam 

'::I] . ',, 
at 10 hours. Following the usual proceaures ,..,.... 
the pressure was brought up to 21 bar at 14 hours. 
The plant was operated at this pressure and at 

85~. to 90% lo ad. 

The pressure was brought up to 24 bar at 5.30 hrs. 
and operated at that pressure. The load was 
maintained and some times increased stagewise up to 
95%. The co

2 
content of crude gas was regulated 

between 29 to 31% and the oxygen less than 0.8 to 
1.0% but mean value was 0.3 to 0.4%. At about llee 
the gland packings in the ash·lock top cone and 
at the grate were found leaking. The gasifier 
pressure was brought down by depressurising following 

normal procedures. 

Qec. l'"', 1983 The gasifier was shut down for replacement of gland 
pdckings and other maintenance worked. The ash 

Dec. 12 & 13 
19P.3 

was cischarged ano ash lock and grate were operated 
till coal came out and th~ gasifier was locked • 

• 
The functioning ef different equipment in the gasifi
cation section and gas liquor separation section were 
di$Cussed with the operation•l staff. Prec•utions to 
be taken and eper•tion of different controls were alse 
discussed. The safety aspects in the operction of the 

plant were generally expl•ineo. 

Dec. 14, 1983 Depdrture from Hyderabad. 

----1 



2) Piping and Instrumentation drawing 

(As Build Status) 



--- -------
. 

3) .List of orifice~ with details 

FRC 4301 FRRC FR 4303/l 
4302/l Crude gas 

Steam 02 

1. D.P. range 4900 mmwel 2500 rnm wel 2500 mn wel 

2. Design press/ 34/31 31/30 31/23.4 
Working press 

3. Design temp./ 400/350 +50/+40 +60/+40 
Working temp. 

'· Max. Rate 1700 kg/h 250 NM3/h 1650 NM3/h 

s. Normal Rate 1500 kg/h 230 NM3/h 1050 NM3/h 

6. (d/D}2 o.5095 o. 2807 0.2416 

7. d 30.767 13.246 26,. 780 

a. Co.efficieot- 0.7136 o.645!i o.6314 

9. Flange to 
distance 

flange 65 rrm 900 mm 65 mm 



• u -c:::: -· 51>' - --~l 

CX>AL D1vn 
BBLHI 21.10.196; 

5) SAFETY VALVE LISTING 

ONIT 400 

Valve No. Location Set Pressure 
--------~ --------- -------------~ 

~ s.v. 431 Waste Heat Boiler ~bar 

• Zi s.v. 435 Steam drum 3•4 ba.r 

a.-· s.v. .441 Feed Water Tank 0.34 bar 
Hold 0.4 

~ s.v. 444 Steam pl:mp discharge 43.0 bar 
liDe Hold ~ 

I 
5~; s.v. 448 Instrument-Air Receiver 14.'0 bar 

6 .. s. V .Discharge Oxygen compressor 35 bar 
side 

• 
• 



----l 
Coal Divn 

RRLH: 2 1 • 10. 198 3 

6) Instrument Alarm List 

1 • Oxygen pressure alarm high and low 

PRJl._-HL 4103 A-H set of 30 bar 

A.L set of 27 bar 

2. Oxygen safety system alarm low and very low 

PIA-L-CO 4101 A-L set at 29.0 bar 

co set at 28.0 ba= 

3. Jacket level Alarm High and low 

LICA-HL-4401 A-H set at 80% 

A-L set at 20% 

4. Instrument Air low alarm 

PIA-L-4131 A-L set at 1. 7 bar 

7) Operating Pressures 

Gasifier - O.P. 24 bar 

Gasifier - design pressures 30 bar 

Oxygen-Header O.P. 29 bar 

Steam header O.P. 30 bar 

LOW Pressure Stear:i O.P. 2.3 bar 

( 140 0 C) 

Instrument Ajr O.P. 4.0 to 5.0 bar 



8) Operating data 

8.1) Log sheets 

3.2) Recording charts 



8.1) Log sheets 
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8.2) Recording charts 
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9) Coal Properties 

1) Type of coal 

Coal is received from GODAVAR/KHANI area of the 

Godaveri Valley Coal fields. 

2) Size of coal 

>25 mm 2.9 % 

25 to 1 3 mm 53.5 % 

1 3 to 6 mm 34.3 % 

<6 mm 9.3 % 

Total 100.0 % 

3) Bulk density 773 kg/rn3 

4) Proximate analysis 

Ash 26.3 % 

~,1ois-:.ure 5. 2 % 

Volatile matter 27.3 % 

Fixed Carbon 4 1 . 2 % 

5) Grayting analysis for 100 g dry coal 

Coke 77.87 % 

Tar 6.48 % 

Gas liquor 7.49 % 

Gas 8.26 '.5 (0.00833 m3n) 

6) Elernentar Analysis 

c 53.8 % 
H 3.53 % 
0 9.68 % 
:l' 1. 18 % 
s 0.32 % 
~oisLire 5. 16 % 
Ash 26.33 % 

-~--1 



9) Coal Properties 

7) Fusion point (mildy reducing atmosphere) 

Initial deformation 1275 

Hemispherical point 1345 

Flow point 1400 

8) Ash composition wt% 

Si02 54.63 
Al20 3 25.03 

Fe203 9.93 

CAO 6. 12 
MgO nil 

loss on ignition 0.53 

Potassium (cs K20) 0.44 

Sulphur (cs 503) 2.97 



10) Mmneno• 

10.1) ~escription 

Tile ol»j•ct tit tb1a Qiaptn 1• to fall1Uart•• 704 

with the tollcnd.Ap 

1) What a pliner eon-1 at• or 
2) The plU'pos• at •ah part at a psiti•r 

3) Bow jaetet steaa ia tonaed. 

4) The purpos• or jaetet teed vat•r 

5) The description at the grate 

6) Th• po.rpos• ot th• crat• 
7) !he cas1tying ot ccal 

8) The 1a11ty1ng proc••• 

9) The parpos• aDd. working ot the wash cooler 

10) The parpo1e and vorlt1!1g or the vast• heat boiler 

11) 8at'et7 Yalves cm th• waste heat boiler drU11 

12) 1lovs, ln•ls and pre1s'2%"e1 in a gasifier 

13) •annal7 operated valves ~ a gasifier 

• 14) General • 

• 

• 



!ht Qelit1tr 

!ht p.11.ti•r consi ata ~ &A inner and an mt•r lh•ll, 

th• ·space betvten th• b91ng cal.led th• jacket. 

The ps1f'1er bas tvo f'lang11 m both ads ; ant at 

the top through Vbich coal ls red f'rom th• coal lock 

into th• psi!ier and the oth•r at th• bottGll throo.gh 

which ash 1s turned OClt bJ' the grate into the ash lock. 

the Inner Shell 

!he inner shell can Vithstand a maxiama pres!lnre at 

2 ,5 bar. If' the presstll't 1s too high th• shell can 

tractur•. 

tho Onter Qhell 

the oater shall is designed to withstand the total 
. -· 

press1.1re ot a> bar. The ocit•r shell 11 insulated 

w1 th glass wool to preTent heat lose and tor personnel 

p ?'oteet1 ca. 

Jacket 

!his 11 a space between th• tvo shells. '?h11 space 

11 tilled vi th high press'11"9 !Md vat er at 33 m.r 

f'rom th• high presstir• pap and the ln•l 11 cootrolled 

br a controll•r and cantrol T&lT•. The heat trans-

•1 tt•d l:IT th• inner shell 11 absorbed or th• vat•r, 

thGI keeping the shell• cool. SboGld th• ln•l 1n 



th• Jaet•t W lost th• llbell• 11111 1M wertl•ted.. 

!h• pa1tier ha• to be lbut 4om 1-ediatel.7 to 

aYo1d that. 

Dae to th• heat tnnSlli tted by th• inner shell the 

water boils and giT•s arr st-.m. !h11 11 called 

Jaetet steam. 

laeket Stew 

!ti. temperatare ot jaetet steam is determined b7 

tb• cas1t1er pressa.re. Th• pressare 1n the 

Jacket is close to th• preaaa.re ot the gasi!'ier. 

!he jacket 1taaa nows 111to the wash cooler. .1 sa!'ety 

Yalv• t1 tted to th• wash cooler at raw-gas tlov aide 

vill opm 1! the presstire exceeds 27 liar. 

Jacket l•ed, Yater 

Th• Jacket level 11 llalnta1ned D,- a eontroll•r and 

coatrol Talve. '1'b1 s is also t1 tted vi th a bf-pass 

line and T&lT• to enable the level to be llaintained 

aanuall1' in the nent or th• contl'oll•r being 1nap•

rabl•. 

the Gefilier g,.&tt 
• 

VithoUt the grate it would not be possibl• to operate 

the psi!'ier. It 11 the.re.tor• 111portazit to knov hov 

th• crate !it• iato th• proc••• and how it vork1 • 

• • • 3 •• 



P• 1sr1pt1 AP 

!h• crate is titted into th• bottcm ct th• gasif'1•r. 

It 11 roand aDd 11 •4• of tvo shell• vbicb are 

titted. together. !h••• la7ers tom a cane and have 

holes through vbich th• gaait)'ing agent nows. On• 

opening is p:-ov1d~ in the outer :ring .r the grate 

to tlll"D out the ash into the ash lock. !he grate 

is driven by a aotor, llhose speed can be adj1isted. 

and cont rolled. 

Pnrp03! 

Th• rotating grate 1s used to control the ash bed. 

A v•ll ronaed ash bed 11 verr nec•ssal"Y' and as the 

irate turns the gasi~n.g agent 11 evenl7 d1str1bated, 

ensuring nen bQrning 1n the midatian acme. The 

grate al!o keeps th• tirebed •oving so as to prevent 

the f ormtion or Channels. These are o.saally formed 

vh•n tbe grate has been staticmary !or lcog periods. 

1)[1 rt in the Ga 111f1 er 

81 tuated at the tap of the gasifier is a skirt vhich 

prevents C&?"?7 09'er ot tine coal vi.th the rav p.s • 
• 

Thia prevents blockages wb..1ch ca\Ue proda.et1c:m loss. 

!he Galitrinc at Cml 

C:..1 11 bu.med Wld•r cantrolled press~•• and 

tai:iperatnres to pro4uee ps tor later use. Other 

product• an tar, ... onia, a1l, phenols etc •• 

• • • 4 •• 
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The Gasifying process - Combustion Zone 

A continuous gasifying process takes place when 99 % 

pure oxygen from the oxygen plant and high pressure 

steam from the steam boiler are sent into the gasifier. 

The oxygen and high pressure steam are first mixed 

and forced into the gasifier, under the grate. This is 

then evenly distributed through the holes in the 

shells of the grate. 

The oxygen makes contact with the hot coal, a chemical 

process takes place and carbon dioxide is formed. 

Temperatures of about 1.400 °c are achieved. Due to 

the high heat a further reaction occurs with steam with 

the formation of carbon monoxide. The high pressure 

steam controls the temperatu=e in the combustion zone. 

Heat and temperature play an important role in the 

conbustion zone. When the temperature rises, due to 

unsufficient high pressure steam supply the C02 decreases 

while the CO-content increases. This can cause problems, 

including the formation of clinkers. By adding more 

steam the co 2 percentage will rise. If the supply of high 

pressure steam is too high, the temperature in the Combustion 

zone drops and the co 2 percentage will rise too high. If 

this occurs oxygen reaction can be reduced. The danger here 

is that all the oxygen will not react with the coal but 

some will pass through with the raw gas to form an 

explosive mixture. Cut the steam flow and the 

tempera~uce will rise, co 2 will drop, 



--

-a.. 

&Dd th• m:1dat1cm aaa• "111 ap.in N&et ncr.&117. 

It •1tb•r ot th• aboTe probl• .. occur recal.ar ~ 

analr••s •st be pertorae4. 

J11!11au C<>l P•rcutage 

The lo-111est allova'bl• ~ percenta~e is a7.5 ( this 

ma]' vary · . ..ri t:i ':.~e ty?e of coal, It the percen-

tage drop! lmrer than this, this is th• indication 

that the temperature in th• oxidation son• bas risen. 

Add stea.11 and do a co2 analysis durin& th• !olloving 

15 minutes ;at least 3 analy_sis) -. 

Kaxi•ma ~ percentaga 

It sometiaes ha;pens tbat the C°'l percentage is too 

high, poss1bl.J' as mch as 32~. This C:1?l be caused lJT 

a loss of heat 1!i the Combustion sone. Iff normal 

circu.:stanees ve would eat back CD the Stea.a nov. 

I! th• CGz percentage continues to rise the psifie~ 

has to be slu1tdovn,depressarised, and bro~ght back 

into comdssion a1 noraal. When a p.sitier is changed 

tros air to 9'cen it can happen that th• CQ.z can be 

&I high •• 45~ A ••ri•• ot quick analTdS au.st be 

don• and if th• percentage d~\ not dl'op qa1ckl7 1 t 

vill iDdicat• tbat the !1:ebed is not mrnin1, the 

0%11911 is ~ot tak:ng ~art i~ an7 reaction, and ~he 

gasifie~ ~ust be sh~t daNn i~~ediately . 

• • • & •• 



Dirt R•ae1'1pt1M qt th• J.tim1 Zgpta 

1) .llh Zmt• !bia 11 th• bottca zcme in th• gaa11'1•r • 

It is i!!!portant that this is well formed 

thua a1sisting nen distribaticm ot the 

p11t71n1 a~ent. 

2) Cabu.sti QA Zon11 

It bas been stated that high pressure steam 

11 u.1ed tor no p\lrpoae other than to control 

th• temperature in ";ha onda t1CX1 sone. Vith 

apvard no" ~' CO and Hydrogen and high 

pressure steaa,1t aak•• contact v1th hot 

ccal in this sane. Chemical reaction.a 

take place aDd byd:rogen &Dd carbcln dioxide 

a.re .foraed. 

3) fias1t1qt1gn ot COal withs 

3.) Hieb pressllre stea=i 

~o • c • ~ +eo 

bl Ca:-~ Dioxide 

co2+e = 2CO 

c) Hydro~ shift resetion 

~o +cc·~~ 

d! A dacO!!IPos1t1on ot. 9tee_.m (ot abo"t 35~ to 

4()~ of tbe Stea;ll take!il place. 

4) ?.ed·..:ction Z0:1e 
d.1-

!be LCe111p oa1 ti Cll ot steam is 1topped • 

• • • 7 •• 



I 

I 

_,_ 

!ha ooal 1 a h .. ~ ap "' th• apvard 

now ot tll• hot gas aDd tar 11 cracked 

te llcht•r oila. 

Xetha!l• 11 f'oraed. here when th• te11p•ra

tare 11 lover than i.100°~ • 

• CB 
4 

6. Jevolatilisation Zone: 

In this sen• all th• Yolatil•s (tar, 

oil, vat•r) are reaoYed trOll th• coal. 

Th••• Tolatil•• pass oa.t ot th• gasifier 

vi th th• rav &a•• 

Ga lit1 er - Qa s oatl!t 

¥1th th• hi sh pl loads 1 t happens that eoal dust and 

•T•n 1cmet1a•s coal will -0. toreed mt ot th• gali.t'1er 

Yi th th• l'aY gas. ru s can O&U.sO bloeka&••· A manuall7 

operated scraper 11 titted to keep th• ga1 outlet clean 

and is to be operated nerr tvo hours. Rav ga1 leaves 

th• gasitier, noru.lly, at 400 °c. 

Xhe Valhcpol•r 

!he wash cooler 11 coupled to t~• gas oatlet and it 11 

b.ere Yher• the pa 11 washed and part1all1 cocled by gas 

liq11or Wbich 11 injected into th• tcp at th• cooler. 

Thia p1 l1qcior 11 paped lit the va1h eool.-r circulaticm 

puzp vhieb. get• its saetion troa the waste h•t l»oil•r 1m1p • 

•••• s ••• 

I 

I 



A aeoond pa liquor line, t'ro!A the pa liquor aepa:rat1an 

plant, 11 also ccn.neeted. to th• •sh cooler supp~ 

a co.nt1.n110u1 now. !bis 11 to enaare P.• liq aor stq)'pl7 

to valh cool•r Vh•D wash cooler pm1p tails. 

!ht )fast• H•at l!giltr 

!bis 11 a tube cool•r vbtr• th• rav gas pass•• throo.&b 

th• ta.be• wbJlch are 1111"round•d b7 l>c:d.l•r reed vat•r 

vi th: os 0c. As th• gas passes throtl&b the tub•s th• 

vat•r 11 heattd ancl ltta!I is formed • The vat•r 

ln•l ls controllet bf a ce11troll•r and caitrol valve 

at the t.P. st•aa dl'ml. !he law pressure steaa is 

auppl19d to th• I..P.stall header and to the B.r. v. 

heating qst•, also to gas cleaning and tank : ar:-:1 

sections. 
The condensabl• atter in the gas are cooled and 

t'or•s gas 11cttior which nows to th• bottom of th• WH'B 

together with the p.s lic:iuor t'roJl th• vash cooler. 

A certain uotmt ot this p.1 liquor 1s circulated bf 

th• vash cooler pimp. !he ln•l ot th• W:B 1amp is 

eontrolled bf a level controller. The heav~' 

1• s lictuor is roLlted to the expansion d?'1111 located 

iD the p.9 11(\\lOr separat1Cl1 plant. !be rav g&I !10'1'! 

troll thl top of th• llm to th• a!t•r :::ooler, 

11r1tr y.1y•• qn Lax PJ=!••ur• 1t111 

... ' 



·-. --

will open at 3.4 bar (gauge) , If this opens the process

eoordinator is to be infol'lledo !he teed•t•r level 11 to 

'b• checked as it is :possible t~.at vater has b-.m. carried 

!be apenil:s of 'th• safety Tal .,.. can be ea a.sad bf 

a tube rapture in the W'!. I! this oceu:rs sha.t dow 

cas1t1•r 1mmed1at•lr· 

PloV1 on th• Ga sirter Panel 

!he !olloving !'lO'fs are 1 •en ca th• pan•U 

l) Ovcm an~ ~art ~ air. 

2) B1 gh pr 9 s su:-e ··'-St aa.-:i: 

3) 11·,, Cja1 flgx 

pre~su:es ,on the Gasifier ?a;el 

1) Gasifier pre=sa.reJ 

2) 01Ycen header pres' ure 

3) Steam headar preosq.re 

1) Jacket Le•1el 

2) )A!B a. I li~ugr •'WP ley!lS 

3; ~ter cooler !!l!l' lig~or 1111!.p•lov•l 

~1 Stean d~~m level 
1}.ov or Og.;en and HP ~ 

l) Qp"gen1 '?bis Colle! from ~h• ox;rgen Plant and nows 

••••••• 10. 
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throu&h a 110lation Tal••, eontrol nln, aea-.arinl 

or1t1ee, 11anaa1· control TalT• 1 nan-return Taln 

into -th• 111.xin& vessel and gasifier. 

2) llP §teal nova trdl th• stea• boil•r throtigh isola

tion valT•, control T&lT•, ••111r1ng onfic•, aanaal 

control TalT•, non-return n.lT• into the 111.xing ta.be 

and gaait1er. 

• 

. .. -l 
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10.2 Gasifier ooeration instructions 

·-. -

The object of this chapter is to fomiliarise you with 

the following: 

1) All tempera~ure points on a gasifier 

2) The operating temperatures 

3) The description of temperatures 

4) Guide lines for tempercture control 

5) Guice lines for flow control 

6) Guice lines for pressure control 

7) Guide lines for level control 

• 

-- --~I 



lo.2.1 
10.2.1.1 

Gasifier operations 

lnt.roduction 

The gasifying of coal with oxygen and HP steam uncer high 

pressures and temperatures is a chemical process. A gasifier 

is designed to oper~te with maximum safety and various 

safety devices have been idcluded. If operating instructions 

are followed a gasifier is a safe piece of equipment to 

operate. If the gasifier is not full of coal the complete 

oxygen reaction will not take place, and oxygen wiJl then 

mix with the raw gas to form a highly explosive mixture. 

If temperatures are not controlled it will lead to equipment 

damage. 

10.2.1.2 Cont.rel of a Gasifier 

I 

' 

The most important points.to watch an opera~ing gasifier 

are temperatures,grate speed and co2 analyses of produced 

gas. Other central points are pressure ano level readings, 

coal end gas analyses, melting point of ash, coal sizing, 

steam/oxygen ratio and gas load. All these factors have 

an influence on the safe operation of a gasifier. 

Ternoeratures 

Temper&tures are measured at seven points and are recorded. 

These points are as follows: 

TF.l Oxygen 

TR2 ;..gent • 
TR3 A sh lock 

TF.4 Gas outlet on gasifier 

--- -1 
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• 

TR5 Crude gas to aftercooler 

TR6 H.P.steam to mixing tube 

TR7 Gasifier top temperature 

10.2 •• 3.1 

These temperatures have an important influence on 

the safe operation of a gasifier. 

By maintaining a careful check on these temperatures 

actions can be taken to ensure safe and efficient 

operations. A dP-scription of each of these points 

and their effect on the gasifier follows: 

The agent temoeratures - TR2 

In the event that the temperatures of the in-

coming HP-steam and oxygen remains constant the 

steam/oxygen ratio will also be constant. Variations 

of more than 5 K in the agent temperature shall 

activate special observations to steam/oxygen 

ratio. With a constant HP-steam temperature of 

400 °c and oxygen of 40 °c the agent has to be 

stopped if temperature drops below 33 °c. A drop 

in the temperature will indicate a reduced steam 

flow and the oxygen concentration will therefore 

increase. If this occurs, the possibility will 

exist that clinker formation will begin and an 

oxyge~ channeling may occur. Thi3 can lead to an 

explosi'!e situation. Any drop in the agent tempera

ture must be immediately investigated and if 

necessary the gasifier has to be shut down . 



Guide lines for the control of Gasifier Temperatures 

SI1APT CJ.15 ~TI CNS 

~---------------------------------------~~-~----------------------------

1) Agent temp. 
rises. 

2) Agent temp. 
drops 

3) Agent temp. 
rises and e drops 

Steam floV1 increases 
1:>r oxygen flow drops 

Steam flow drops or 
oxygen :low increases 

High or low HP steam 
temperature 

a) Check steam/oxygen ratio 

b) Check steam impulse lines 
for blockages 

c) If necessary change to 
manual control and set 
steam and oxtBen by 
controlling 2 

d) Have ~hermocouple checked. 

a) Check steam/oxygen ratio 

b) Check steam impulse lir.es 
for blockagrs 

c) If neces~ary cr.ange to 
man~dl control and set 
steam and ox~gen by 
controlling o2 

d) Have thermocouple checked. 

Do ~02 analysis and adjust 

oxygen/steam ratio when 
necessary 

------------------------------------------------------------------------

• 

• 



10.2.1.3.2 

• 

The Ash Lock Temo.- TR3 

The ash lock temperature indicates the level of the 

ash bed and should be maintained between 280 °c and 

330 °c. This temperature will normally fluctuate 

according to the grate speed and the frequency at 

which ash is drawn. Too high temp. however can cause 

damage to the grate and ash lock internals. 

The grate speed and thus the speed at which ash is 

turned out into the ash lock depends on the load of 

the gasifier. The grate is used to correct temperatures 

which are out of the normal range. 

The particle size of the ash as well as the coal 

plays a big part in the distribution of agent and 

so far in the efficiency of the operation of the 

gasifier. The agent distribution tends for ch~nneling 

if the ash is too coarse (too much clinker). Too much 

fine ash also has an effect on the efficiency of the 

gasifier. If this is too fine the whole bed can be 

lifted by the agent . 



Ash lock temperature begins to drop (TRJ) 

------------------------------------------------------------------CAUSES SYMPTOAS 

------------------------------------------------------------------
Grate stops 

b
a) No electric current 

) Ash lock temp. 
drops sharply. 

Grate turns for a) Electric current 
too long against much higher than 
a closed top normal 
cone. 

Grate jamr.ied 
becaase of 
clinkers 

Grate jammed 
due to overfull 
ash lock 

b) Ash lock temp. drops 
sharply. 

c) Top caie in the closed 
position 

a) Current high 

b~l Grate stops or slips 
Ash lock temp. drops 
Clinkers in the ash 

e) co2 in raw gas lower 
than normal. 

f) Channeling has begun 
and co2 is lower than 
normal 

g) Stearn/gxygen ratio 
faulty. 

a) Ash lock temp. drops 

b) current higher than 
normal 

c) Periods between de-
ashing too long 

d) Ash lock top cone 
not opera ting • 

Start grate again 

Stop grate 

Operate the top cone 
a few times. 
Start the grate and 
watch current. 

Increase steam/oxygen 
ratio 
Decrease load 
Check instruments 
Stop grate· and start 
again 
If grate will still not 
start shut down 
gasifier. 

Stop grate 

Reduce load 

Blow steam into ash 
lock and at.tempt 
closing tor closure 
by opening ~nd closi~g 

After de-ashing - ope~ 

and close top cone 
until oper:iting 
nor:nally. 

Stop grate. 

If above pr~cedure is 
not successful. 
depress~rize gasifier. 



CAUSES 

Agent flows 
into ash lock 

~.B. This situation 

a) 

b) 

c) 

d) 

el 

SYMPTOMS 

Sudden increase in 
temperature 

Gas productio=i 
drops 

Can occur only 
during de-ashing 

Top cone not 
properly closed 

Ash lock being 
depressurised. 

is extremely dangerous 

Channelling 
in a gasifier 

·- -

a) Ash lock and gas 
outlet temps. change 
simultaneously. 

b) Temperatures, jacket 
steam. RRL to provide 
flow measurement 
later and gas pro
duction become un
stable. 

c) Clinker formation 

ACTIONS 

Stop depressurising 
ash lock 

Flush with steam by 
pressurising. 

Close the top cone 

Once the ~op ccne ~as 
sealed depressurise 
once again. 

Reduce gas load 

Increase steam oxygen 
ratio by increasing 
st8am 

Check for fi~es i~ 

raw coal 

Cteck feed ~ater :evel 
Do CO, and oxygen 
analy§es 

Check instrumentation 

Increase grate speed 

If the above do not 
help shut down gasifier 

j 



10.2.1.3.3 The oas outlet temoerature - TR4 

The gas outlet temperature plays an important part in 

determining the state of the ash bed in the gasifier. 

If this tempera~ure varies it indicates that the ash 

bed has moved either nearer to or further from the 

gas outlet point. If TR3 and TR4 temperatures in

crease it is usually an indication of channelling. 

co
2 

analyses will also be effected. 

Channelling means that canals begin burning through 

the coal bed. This causes TR4 to increase. If this 

occ~rs increase the grate speed. This can cause 

burning coal to enter the ash lock and TR3 will 

increase rapidly. If this happens the gasload must 

be reduced by reducing the oxygen throughput until 

conditions return to normal. 

With the test coal TR4 should be able to be controlled 

at between 400 °c and 4So0 c, depending on gas load 

and coal particle size. The temperature should not 

be allowed to exceed 45C 0 c as this will cause damage 

to equipment. 

--· -j 
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Cl'\USES 

Too little 
coal 

Grate stops 

Ash bed too 
high 

Channelling 

Ash bed too 
low 

G'\S aITIET TEMPEFJ-.TUF.E F.ISES (TR41 

Sl'MPT~ 

a) TR7 rapidly increases 
b) TR4 rapidly increases 

-c) TR3 remains normal 

d) Jacket steam produc-

ACTICNS 

Reduce loa~f .to 40% c.~. 

Check coal lock operations 
Ensure that there is coal 
in the bunker 

tion increases If the situation is not 
N.B. This is a dange- corrected in a very short 
rous situation and tirr.e shut down gasifier. 
must be quickly corrected 

a) Sudden variation 
in TR4 temp. 

b) Current zero 

b
a) ~.4 temo. increases 

) TR3 temp. lower than 
normal 

a) TR3 and TF-4 temps. 
increase. 

b) Gas production and 
temps. become un~ 
stable and uncontrol
lable. 

c) Clinkers and unburnt 
coal in the ash 

d) co2 unstable. 
e) Danger exists of an 

oxygen breakthrough 

a) TR4 lower than 
normal 

b) TR3 higher than 
normal. 

Start the grate and check 
reasons for stoppage. 

• 

Increase grate speed 
Check that ash lock top 
cone is fully open 

Reduce load to ~0% c.~, 

Increase steam/oxygen ratio 
Do co2 and oxygen analyses 
Check instrumentdtion 

Increase grate speed for 
short periods and attemp 
t'o bring temperotures 
back to ncrmal 
Determine amount of carbon 
in the ash. 
If co~ is uncontrol-.. 
lable or oxygen con~ent 
in raw gas is hi~~er than 
2% s~ut down qasizier. 

f educe grate speed 

. I 

I 



9 10.2.1.3.4 Crude qas to aftercooler (TR5) 

I 

If WEB is empty on the steam side not cooling of raw gas 

will occur, that indicated by rising of the outlet tempera

ture of WHB. In that case check water load in steam dense, 

cut the load and fill WHB and steam dense to the normal 

level. 

10.2.1.3.5 The Gasifier top temperature TR7 

The thermocouple is located below the bottom coal lock 

closure in the upper part of gasifier. If no coal is fed 

in, the hot gases will heat up the top of the gasifier. 

By quickly loading two or three co~l locks the problem 

can soon be overcome. If TR7 rises above acceptable 

limits opera~e the grate at higher speed to discharge 

more ash, a high TR7 can also indicate a high level 

of the combustion zone inside the gasifier. If TR7 

can not be brought back to a normal range the agent 

has to be dropped. The normal temperature is approx. 150 °c. 

10.2.1.3.6 The jacket water temperature 

Lnder normal operating conditions this temperature remains 

constant. If the gasifier pressure varies so the boiling 

point of the water. The following table shows these 

variations. 

Jacket Pressure (Bar) Boiling Point (OC) 

abs. gauge 

1 . 2 o. 30 105 

2. 3 1. 40 124 

3.6 2.70 140 

6.3 S.40 1 6 1 

9. i 8.20 1 76 

14. 6 13.70 197 

21. s 20. 6 216 

25.0 2 4. 1 224 

26.5 25.6 227 

27.S 26.6 229 

23 .o 2 g. 1 230 

I Local pressure = 0.9 bar) 

~ -·1 
i 
y 



- 10.2.2. 

-

Utility 

Oxygen 
flow 

-"-

-"-

-··-

High pre
s sure 
steam 
flow 

Raw Ga-s 
Flow 

F 10\\S I PF£SSUHE.S AND lE VE.LS 

-Changes 

Cor.troller faulty, 
opens fully 

Control valve 
faulty, closes 

Load decreases 
Faulty HP steam 
control valve 

Control valve 
faulty-closes 

Flow imoulse 
line blocked 

Steam blo\'K\ in
to gasifier from 
ash lock pres
surising valve 

High ash bed 

Oxygen and steam 
shut off 

Result 

rises 

drops 

varies 

drops 

does not 
indicate 
flow 

Rises 

Drops 

Drops 

• 

Corrective action 

a) Change oxygen and steam 
to hand control 

b) Check instruments, readjust 
the flow 

c) ooco 2 an3lysis 

a) Change oxygen and steam 
to hand control and 
close the controllers. 

b) Check instruments,readj~s~ 
the flow. 

c) Close oxvaen and s~earn 
control ~ilves as ~ell =a
~uallv ocerated valves, -
flows-a.re not contro~la~le. 

a) Change steam and oxygen 
to hand control 

b) Chec..k instruments a:1d re
adjust the flow. 

c) Do co, analysis. 

a) Change oxygen and steam 
to hand control and close 

b)·Close oxygen and steam 
manually operated valves 

c) Check i~struments. 

Have cher.ked by Instrument 
Dept. 

Close pressurising valve 
at ash lock. 

Increase grate speed 

Start up again on s:.eam a::d 
oxygen i~ shut do~n 
period less 15 minutes. 

j 



e tility 

H.P.Feed 
Water flow 

(Flow meter 
to be pro-
vided later) 

Raw Gas 
Pressure 

Changes 

Jacket drain 
open 

Load increased 

Load reduced 

Feed water con
trol valve 
faulty-opens 
or by-?ass open 

Jacket level 
glas bursts 

Feed water 
leaks 

Raw gas control 
valve not fully 
open 

Impulse line 
blocked anc 
controller 
closes slov1ly 

Result 

Rises 

Rises 

Drops 

F.i se s 

Rises 

F.ises 

Rises 

Rises 

• 

Corrective Action 

Close drain .• 

Check level gauge glas 
Have checked by 
Instru@ent Dept. 
Maintain level with 
by-pass until controller 
repaired 

Isolate level glas 
Have level glas 
replaced by maintenance 

Shut down gasifier. 
Repair leak. 

Change raw gas control 
to manual 
Control i~ addition ~i~~ 

Change raw gas ccntrol
ler to manual end open 
fully 
Have checked by 
Instr·.::7tent Deot. 
Change again to 
automatic . 



-

I Ut.ili ty 

Jacket 
level 

W\HB feed 
waterlevel 

'

at steam 
drum 

-··-

-"-

I _,,_ 

Changes 
Jacket feed 
water valve 
jams in close 
position 

Jacket feed 
wate-r valve 
jams in open 
position 

Controller 
faulty, fully 
open. 

Controller 
faulty, 
closed. 

Drain valve 
open too far 

Control valve 
sticks in one 
nosition 

12 

rt.esult. 
Level 
drops 

Level 
rises 

Rises 

Drops 

Drops 

Rises or 
drops 

~orrective Action 
Isolate control valve 
Maintain level with by-pass 
Have checked by Instr~ment 
Dept. 
Commission after repair 

Isolate control valve 
Check level at glas 
Open by-pass valve . 
Have checked by Instr~ment 
Dept. 
Commission after repair 

Change to hand control and 
close val\le 
Maintain level through 
by-pass 
Have Instrument Dept.checked 
Commission when repaired. 

Change to hand con~id. and 
close valve and isolate. 
Reduce load 

---- -l 

~aintain level th~cugh ~y-oass 

Have controller checked by 
Instrument Deo~. and 
commission when re9a ired. 

Close. drain 

• 

Open br-pass and control 
manual y. 
Isolate ccntrol valve 

Have Instrument Dept. cr.ecr-ed 

Have main~enance remove 
control valve for cleaning 



e 13 

Otili ty Chan9es hesult ~orrective acticn 

WHB feed Control vahe Rises Isolate controller and have 
water closes too checked by Instrument Dept. 
level at slowly 
steam 
drum Control valve Isolate cOf'\troller and have 

opens too 
:iro;>s 

checked by Instrument Dept. 
slowly 

• 



9 10.2.3 

14 

GASIFICATION OPE?-ATION QUESTI!JNS 

l) Describe each temperature point on the recorders 
completely 

2) What is the operating temperature of each one? 

3} What will be the cause, result and corrective steps, 
in the event of the following happening? 

TR2 H/P steam control valve is too far open 

TR7 (a) Coal bunker is empty 
(b) Blockage ir. coal lock top closure 

Jacket temp. 

• 

(a) Gasifier jacket is empty 
lb) Feedwater leak ir. gasifier jacket 

7R3 (a) Ash too fine, co2 too high 

(b) Gasifier channelling 

7R4 (a) Too much fine coal dust in the coal 
(b) Grate is slipping 

4) What will be the cause, result and corrective steps, 
in the event of the following happening. 

(A) Oxygen flow (a) HP steam pressure drops 
below 2:3 bar 

{ E) Raw-gas flow (a) Gasifier channelling 

(b) Ashlock pressurising valve stays open 

{c) WHB gasliquor control valve blocked 

(C) HP f eedwater {a) Pressure from the H/P feedwater 
flow pumps too low 

(b) Jacket feedwater control valve is 
fully open • 

• 
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1 1 • 1 Description of the coal lock 

The coal lock is a pressure vessel si.t'..lated between.t!"le 

coal bunker and the gasifier and is isolated from th~coal 

bunker and gasifier by two manually operated valves called 

the top cone and the bottom cone. 

Coal flows into the coal loack out of the bunker above the 

coal lock,through the telescopic pipe and the top closure. 

As soon as the coal lock is full of coal the telescopic 

pipe is closed. Some coal remains in the telescopic pipe 

above the top cone and this must be worked into thE coallock. 

This is done by moving the lever of the top cone. This 

action allows the coal to enter into the s~ace below the 

top closure. ~oving the lever is continued until a dull 

sound is hearn at the to? cone closure. 

The coal lock is now corn~letely fu~l of coal (i.e. coal 
' 

fe~der in closed ~osition. Do not ~ore lever twice, 0therwise 
the space between the coal feeder and top cone will be filled 

again with coal and there will be insuf ficien~ s~ace '..lnder the 

top closure to work this coal intc the coal lock. ~hen 

cone will not ~o~e and the coal lock is overfilled. 

t.he top 

After telescopic pi~e and top con9 are closed, the 

coal lock is pressurised to gasifier pressure by pressurisin~ 

valve. The coal lock bottom cone is then opened and coal 
• 

flews into the gasifier. 
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When all the cocl in the coal lock has run into the gasifier, 

the coal lock temperature below lower cone rises due to 

warm gas entering the coal lock, indicating that it is empty. 

The coal lock bottom cone is now closed, thus isolating the 

coal lock from the gasifier. The coal lock is now depressurised. 

As soon as the coal lock is at atmospheric pressure the top 

cone and coal feeder are opened and coal r~~s again·from the 

bunker into the coal lock. 

Both the top cone and bottom closure~, the coal feeder,as ~ell a 
the pressurising and depressurising valves are manually operated. 

The frequency at which the coal lock cycle must be operated 

depends on the gas load of the gasifier. At a gas load of 
3 1500 m ~raw gas per hour the cycle must be repeated approx. 

every 30 minutes. The volume of the coal lock is 0.875 m3 ano 

it holds about Q.6t of coal. The coal lock cycle t~kes abou~ 

8 to 10 minutes. 

Operation of the coal lock 

AJ.l the valves on the coal lock are manually operated. 

Coal feed to gasifier: 

It is very important that the gasifier is al·rvays maintained 

full of coal. This ensures that the top of the gasifier 

does not get hot and is safely operated. The cold coal 

entering the gasifier is initially heated up,evaporate the 
• 

water and volatiles such as tar and oil; Considerable h~at is 

requirea for this process and therefore the temperature in 

the top of the gasifier can be kept low. If the top of the 

gasifier gets too hot, the flange gas~et between the coal lock and 

the gasifier can be distorted . resulting in a large gas leak. 

Operation of the coal lock 

The coal lock operation is d:escribed in following steps. 
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• 
Step l 

The coal lock 

bottom cone 

has to be 

closed. 

Step 2 

.he depressuri

sing valve has 

to be opened. 

Step 3 

3 

Move the hand lever a few times so that all the coal 

between the cone ano the seat falls into the gasifier. 

Listen for the metal against metal sound which indicates 

that the bottom cone is tightly closed. The coal lock 

is now sealed off from the gasifier. 

The raw gas flows out of the coal lock and the pressure 

drops. As soon as the· pressure reaches 5 bar below 

gasifier pressure the 12akage test has to be carried 

out by watching the coal lock pressure. The pressure 

must remain constant. If the pressure rises the coal 

lock bottom cone is not tightly shut. Wait until 

the coal lock pressure is the same as the gasifier 

pressure and then reclose the coal lock bottom cone. 

Move the hand lever of bottom cone some times and 

start again step 2 to test that bottom cone is 

tightly shut. Continue depressurising until th~ 

pressure reaches atmospheric pressure. 

The coal lock The coal lock top cone must only be opened when the 

top cone has to coal lock is at atmospheric prassure otherwise large 
• 

be opened. quantities of poisonous gases and coal d1.ist will be 

blown into ~he s~rrounding ar~a • 

• 



e Step 4 

Coal feeder 

has to be 

opened. 

Stec 5 

Coal feeder 

4 

Coal now runs into the coallock 9 Listen if coal is 

running into coal lock correctly. Coal flow can also 

be checked with the provided holes on the ~ide of the 

coal feeding chute. 

After the telescopic pipe has been put in upper closed 

has to be closed. position there is still coal in the telescopic pipe 

above the top cone which must be workec into the 

coal lock. 

e Step 6 

Top cone has to 

be closed. 

Step 7 

Pressu:-ising 

valve bas to 

opened. 

fhe top cone will not immediately close tightly 

because there is coal between the top valve seat and 

cone. By moving the hand lever the coal can be 

worked into the coal lock. This action must be 

continued until a dull sound is i1ear-d. The coal lock 

is now f'.111. 
It is ver~ im?Ortant not to turn fe=~er· lever 

again as the S?ace in t~e telescopic ?ipe 

above the top cone will again be filled with 

coal and there ~ill be not sufficient 

space in the coal lock for this coal. The top cone 

will then be unable to move anc the coal lock is 

overfilled. 

F.2w gas from the outlet of the after cooler now flows 

into the coal lock. As soen as the pressure reaches 

5 bar close the pr~ssurising valve ~r.d do a 

leak ~es~. If the pressure in the coal lock 

remains ccnstant which indicates that the top cor.e has 

sealed propeily, then continue with the pressurising 

until it equclls gasifier pressure. 



-

9step 2 

Bottom cone has 

to be opened. 

• 

• 

• 

The coal lock bottom cone opens and coal flows into 

the gosifier. It is very important to make sure that 

the bottom cone is fully o~ n. 

Coal lock cycl~ finished • 

• 
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D&~GERS concernd with the O?eration of t~e Coal lock 

As already stated it is essential that the coal leek 

is o~erated in such a way as to always maintain t~e 

gasifier full of coal. This is necessary so that the 

tup of the gasifier does not get too hot thus causing 

the flange between coal lac~ and gasifier to become 

distorted and therefore leak. 

If the coal level in the gasifier continues to fall by 

ignoring the rise of the gasifier-gas outlet and -top 

temperatures a co~dition could be reached Nhere there is 

insufficient coal in the gasifier for rea=tion. If no~ 

no action is taken oxygen can pass through the coalbed 

into the raw gas possibiy resulting in an explosion in 

the top of the gasifier. This can result in very serious 

damage and therefore great care must be taken in main

taining the gasifier full of coal. (~ate: This temperature 

point is mounted on the coal lock but extends down into 

the top part of the gasifier underneatt the coal lock 

bottom cone) . 

In the main control room there is a temperature recorder. 

The temperature should not increase beyond 200 °c. 

By quickly carrying out several coal lock cycles so that 

tte gasifier is full of coal again the temperature 

can be reduced to normal. 
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The main task of the coal lock operator js to operate 

the coal locks in such a way as to make certain that the 

gasifier is maintained full of coal. If any problems 

occur which delay or prevent the loading of coal, the 

supervisor must be illlilediately informed so that the 

problems can be solvec before the temperature rises too 

high and the gasifier has to be shut down. 
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TYPICAL QuESTIONS ON THE COAL LOCK 

1. What is the purpose of the coal lock? 

2. What is the volume of a coal lock and how much coal does 

it hold? 

3. now is a coal lock depressurised, where does the expansion 

gas go to? 

4. What is the purpose of the coal lock top closure? 

5. What is the purpose of the ccal lock bottom closure? 

6. Why does the coal lock bottom cone close on the gasifier side? 

'· How will you know that a coal lock bottom cone leaks and how 

will you handle this? 

a. Why is it very important to maintain a gasifier full of coal? 

9. How will you know that a gasifier is full of coal? 

10. What is the cause of an overfilled coal lock and how is this 

handled? 

11. What will happen if there is a blockage in the coal lock 

top closure? 

12. What temperature points are provided in the coal lock and 

what are the normal temperature ranges within which the coal 

lock must be operated? 

13. What corrective steps must be taken if a coal lock top closure 

does not seal tightly?(gas blows into the atmosphere)! 

14. What is the most important task of the coal lock operator? 
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12" 1 Dtacrlptig> of tbt AlhJ.oc,t 

n. ashloct ia a F••AIH ws .. 1 connected with 
il•ng•s to tM bo'ttoa of the gAaifier. Th• •shlock 
~um 1• o.ff1?a3• As w1 th the coalloct, the 
aahlock Yalves are •nually operated, 

Tb9r• 1• an expansion yesael connected to the ashlock 
wbich 1s k•pt full of .. ter during op•Teition and in 
which the steaa c:andena•s wbln th• aabloc:k is depr•-
1surised. The ~oa• of tbe ashlock is to receive 
the a ah produced in the ;asifi•:r and drop the ash 
batchwise into the ash trolleys. In order to do 
this the ashlock is operated in c:yc:les aa described 
below. 

l. The grate turns the ash out of the gasifier and 
it falls through the open top c:one into the 
ashl.oc:k. DuriDCJ this operation th• bottOll cone 
and all the other valves are closed, and the 

aahl.ock a 1 well as the expansion vessel are at 
the same pressure as the gasifier. 

2. After about one hour (dep~ing on the ;as load 
of the gasifier), the nhlock 1 s about three 
qUDrters full and must be emptied. The grate is 
now switched off to prevent ash moTing over the 
top cone seat and the top cone is closed. When 
it is certain that the top cone is tighUy 
closed the grate is switched on again (a:ter the 

leak test ) • 
3. The ashlock 11 now depreasum•d by ope~ 

iaol~tion and control v~ves respectively on 
the expansion vessel. I'\ pressure test is carried 
out at ~ bar below the gasifier operating 
pressure to ena~• that the top con• is tightly 
closed. The expansion vessel ia full of cold 
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-ur and the steaa from the asblock blaws throUCJh 
tb8 1...-raeo pipe in'\o the •x~naion vesa•l and 
condenses. ly this process the aahlock i• depre
saurised .nd the •ter in tbe expansion vesael is 

be•ted up. 

4.; Aa soon •• tbe presaur• in tbe aabl.oek reaches 
atmospheric, 'the water in t.be •~pansion dr\m 11 
drained out cQllJlttely through the drain valve. 

~. To cool aah continuously during th• ash removal 
froa aab loet, lushi~ waur valve has to be 

opened. The aahlock bottc:m eone is now opened 
and the ash falls through the bottoa opening into 
the ash trollayl" The nushin; water is kept 

running to clean the seat. 

6. The •ter filllrM; Yalv• is opened to flush the 
bottom of the expansion nssel and the drainiNJ 
line. Jdter this the yalv• on the expansion 
GrUll drain line ia closed. f illlng is continued 

till th• •xpanaion drua 1• full of cold water 

which 1• indicateo by the overflow line. 

7. Tbe water filling yalv• and depressurisi.ng valv•s 
are closed. Tb• expansion yeas al sy1t.e11 is ready 

for t.be next cycle. 

8. Th• supply of nushinc) water to the ash lock i• 
cloaed. The bottom cone is also closed. 

9. Now the ashloek is pressurised with steam by 

opening the pressuri11.n; yalve. 

10. ~. soon as the ashl.ock pS•ssur• reaches ~ bar, tbe 

pressurising •alv• iad.osed in order to deteralne 
1f the bot.tOll con• is ti;htly sealed. If tM 
ashlock pressure reaains coriSt.ant the pressurisin; 

1• c Cl'ltinued. 



Step 1 

Top cone 
closes 

Steµ 2 
Depressuri
aiftQ yalves. 

.teo 3 ... 
rain Yalv• 

on expansion 
vessel °'en 

Step 4 

Sten S 

Botto• cone 
open 

' 

11. Wb9n tbe aahloct pressure 1• the sam as the 
gasifier pressure, the top cone is opened and then 
pnsaurising •aln is closed. So that the ash 
can cine• llOZ"• fall into the ashloct. After 
a specified time the aahloct cycle is r•p .. ted. 

gperatioo of th! A lbloct 

Before remo.al of ash. the grate aast b• s'Wi tcbed off. 

W.1 t about 10 sec: and a so that all the ash between the 

toP tone and the seat bas fttllen into the aahlock bef or• 
closing th• top cone. Open arKi close the top cone ta 

few times until a clear metal against aet..l sound is 

beard. 

The depressuriaing YA].ves are opened and stea~ co~denses 

in t.be expansion drum. When the pressure drops to 
about ~ bar below gasifier pressure. close depressuri5ing 
Yun a9ain to detend.n• if the top is t.i;htly sealed. 
If the aahlock pressure stays constant then re-open 
the Yalve. If the attempts to close the top cone 
ti~bt.ly fall. this indicates t.hat the top cone seat 
is r10t tight and the supervisor :asst be informed 

1-ediately. 

This drain valve is open to drain the bot water into 
the pit. If this valve is openeo at a pressure above 
l _bar the discharge system can ~ damaged. 

flush.1119 uter supply opened. 

Mlen the ashloelt is at atllospberic pressure, the 
bottoa cone 1s op•ned slo.:l.y >O that the ash ooes not 
fall too quickly into the ash trolley. !be bcttoa 

cone i• aloitly opened and clo .. d a few times to aak• 

sure that the ash 1• flhling out. 

--~ ---- -

I 
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Step 6 '-

W•\er f illlng 
val.v• on ex
~naion dnlll 
open 

Step 7 

expansion 'Tes sel 

is closed. 

Ste?- P. 

-at.er f 11.l.inQ 
velve, deprn
surising val
ves are c::.osed. 

Botto. cone 
Closes. 

Steo 10 -
Sten 11 

Pressurisi~ 

e•'t.ea• valv• 
.:..s opened. 

Step 12 

Top cone is 

opened. 

Pressurising 
1teaa valve 
closes. 

Wat.er nows into tbe •:s.JNnaian dnm. At this st..ge 
the drain velv• 1• still open •Dd t.ba expansion vessel 
1llll not. becm. full unW. tba drain valve 1s 
clo_.d. 

When •t.•r runs eut. of the owerflow line the expansion 
drum is full of .. t.c. 

M soon as the expansion drull is full of water the 

•,..t.er filling• valve -*s't be 1.llmediately elosed. 
This is to prevent water overflowing into the ashl.ock. 
The f illlnc; w.ter valve and the depressurlsin; valves 
are closed. 

Open and close the bottm cone a few times until 

dull sound is heard thus ensuring that the 

bottom cone is tightly sealed. 

Flushing w•t.er closed. 

Stea• at 30 bar pre•sure and '4CX)C\: flows into the 
aahlock. As soon as the aahlock pressure reaches 
5 b.ar the pressurisin; valve is closed. Cntightness 

of the bottom seat can be seen by blowin0 out of 

steam. 

Tba ashloc& top cone 1• opened and asb once again 
falls into the asblock. The asblock oper at.or mist 

ansure \bat tbe top cone is fully open ac that ash 

c~ tall ifr•ly into th• •hloek• 
• 

As soon as tb9 top closure is open, t~e ?~essurising 

·:al·1e is closed. 

A.abloct cycle c09pleted. 



I 
?>.2.6 6YidtlJ,J!t1 fpr t.h• contrpl of tbJ Afb1pck 

1. Ashlock top cone 
wdll not close -

2. Aahlock bottm 
I cone will not open. 

I 

' 

POSSIBm REASQIS 

a) Ashlock is overfull 
b) Clinkers betwe.n 

cane and seat. 

a) Ashlock 1 s not at 
atmospheric pressure. 
The pip•lin• between 
ashloc:k and expansion 
drum is block1d. 

b) The ash in the ash-
lock is wet. Water 
has overflowed into 
the ashlock lllhilst 
the bot. toa cone was 
closed. 

• 

a) De-ash at correct 
ti. 

b) Open 

the top cane so that 
the clinkers fall 
into the ashlock. 

a) Close the isolation 
yalve on the pressu
rising line and depre
ssurise the aablock 
throUCJh the depressu
r1&i"'IJ valve. Report 

b) 

· to the supervisor 

bef or1 continuing 
further with the 
c:ycle. 

Depressurise the 
ashlock in the nor1Ul 
manner and report to 
th• supervisor so that 

arrangements can be 

•d• to 
oper. the bot toa cone. 
If the ash will not 
fall out when tbe 
bot t011 r.one 1• open, 
poke the ash out with 
an iron bar. 

c) The aahlock pressuri- c) Close the valve 
aing val•• 1• leaking properly on the 

.na th• .abl.oclt 1• pressurising line and 

1till under pr1a1ure. then depresaurise the 
a1hlock. 
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• d) The nbloct top cane d) R•pr•ssurise tbe •sh-

leaks and the aab- lock and close the top 
lock is still under cone properly. (This 
pressure. "111 only happen when 

the pressure teat is 
not carried out.) • 

3. Ashlock cannot be a) Stea• pressurising •> Close tbe ••lv• 

depr•ssurised Yalve l•aks. properly on tbe pres-
suris1ng lln•. If the 

ashloct -111 still not 
depressuris•, follow 
point b) below. 

b) Ash1ock top cone b) Try to seal the top 

leaks cone properly. If 
this is i11possible, 
report. to the supervi-
aor so that the oxy;en 
and ste• flow tan be 
c~ off. If tbe top 
cone leaks gasificot.ion 
agent. containing oxygen 

~n ~·· int.o the aah-
lock and an explosion 

e can result.. 

4. Ash lo~k can •> Steaa pressurisin; a) Report to the super-

not be pre- yalve is stuck in visor 10 that arrange-

ssurised. the closed position, •nts can be mad• to · 
or asbloct bot ta11 shut down the gasifier. 
cone l•ats. 

• 
~. Expansion dl'\.9 •) Ashlock depressuri- a) Close the Yalves pro-

bece11e1 •ra ar sing Yalves l•ak. perly or change them 

shakes during if necessary. 

depressurising b) The dip pipe in tbe b) Report t.o th• super-

expansion drum is viaor 10 that the dip 

e loo.. or broken pipe can be ctanged. 
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5.2.7 

c} The expansion drum c) Ensure that the 

is empty. expansion drum is 

Caution: Depressuriz~ completely full of 

system slowly because water. 

dangerous steam with 

ash content is removed. 

Dangers associated with mal-operation of the Ashlock 

If the correct ope"'."ating procedures are followed and 

no short-cuts are taken, the ashblock can be safely 

operated and the necessary action taken if something 

goes wrong. However, if the wrong procedures are 

followed or intentionally disobeyed the gasifier has 

to be shut down if not injury to personnel can occur. 

The following mal-operations must never ~e carried out: 

a} Under no circumstances must any attempt be made to 

depressurise the ashlock if the top cone is not 

properly sealed. This mal-operation can result in 

warm gas from the gasifier entering the ashlock 

and causing an explosion. 

b) The drain valve on the expansion drum must not be 

opened if the pressure is above 1 bar. This can 

result in the water discharge sy~tem bursting with 

possible injury to personnel. 

c) While the ashlock bottom cone is open and ash is 

falling into the ash trolley, the ashlock depre

ssurising valves mu3t not be closed because if the 

top cone should develop a leak whilst the bottom 

cone is open. If ash blocks between tottom seat 

and cone a blockage might occur and pressure will 

build up. 

-1 
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d) As soon as the expansion drum is full of water, 

the "water filling" valve must be immediately 

closed. This is to prevent water overflowing 

into the ashlock. If water runs into the ashlock 

(especially if there is still hot ash in the 

ashlock), steam is formed. The wet ash can 

easily cause a blockage in the ash lock and 

pressure will build ~p in the system as in the 

case of a leaking top cone. 

e) The grate must not be run with a closed top cone 

for too long. When the top cone is closed the 

ash cannot be re~oved from the gasifier and the 

ash collects in the space between the g=ate and 

the top cone. This can result in the gra~e slipping. 

The operation of the grate against a closed top 

should be less than 4 revolutions to avoid cver-

f illing the space under the grate. 

fl Under no circumstances must water be used ::or 

cooling the ashlock. This is a dangerous practice 

and can lead to distortion of the protection 

plates • 
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Typical Questions on the Ashlock 

What is the purpose of the ashlock? 

Where does the ash come from and how does it get 

into the ashlock? 

3. Why must the ash be removed from the ash lock in 

regular intervals? 

4. Give possible reasons why an ashlock top cone will 

not open or close! 

5. Give possible reasons why an ashlock bottom cone 

will not open or close! 

6. What is the purpose of the ash lock top cone? 

7. What is the purpose of the ash lock bottom cone? 

8. What is used to pressurize the ashlock and what is 

the pressure and temperature of the pressurizing 

agent? 

9. 

10. 

1 1 • 

1 2. 

1 3 • 

1 4. 

1 5. 

1 6. 

1 .. 
, I • 

1 8. 

What is the purpose of the expansion dru.-n and why 

is it filled with water? 

How will you know that the expansion dru.-n is full of 

water? 

What harmful effects and danger is there when wa~er 

overflows into the ashlock? 

Where is the 'dip'-pipe installed and what is its 

purpose? 

What causes an ashlock expansion drum to get hot and 

what danger does this present? 

What is the purpose of the inner skirt in the ashlock 

and where is it installed? 

What is the purpose of lubrication of the ashlock top 

closure gland and why is it important? 

How will you know if the ashlock top closure gland is 

not being lubricated? 

Why must the ash lock be depressurized if the gland 

is blow in o·.it? 

How ·11ill you know that an ashlock is empty? 
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19. 

20. 

21. 

22. 

23. 

• 24. 

25. 

26. 

What will happen if an ashlock top closure is closed 

for too long whilst the grate is turning? 

What are the drawbacks when the ashlock is already 

pressurized and the top closure will not open? 

How do you test an ashlock top closure to ensure 

that it is tightly sealed? 

What are the dangers when a top closure leaks and 

how sho~ld this problem be solved? 

What are the causes of the expansion drum shaking 

when the ashlock is brought up to pressure? 

Why are there an isolation and control valve on the 

ashlock depressurising line? 

What temperature point is provided on the ash lock 

and what is its purpose? 

What should be done if the following happens: 

Describe the causes and the corrective action to be 

taken: 
a) Ashlock depressurising valves will not open. 

bl Ash does not fall out of the ashlock. 

c) Ashlock can not be depressurised. 

d) Ashlock can net be pressurised. 

e) The ashlock depressurising line shakes violently. 

f) Ashlock top closure gland blow out. 
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13) Description of gas analysis 

• 
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Tnr r ;.;:t-::iH· C'> f th:! s chapter is to instruct on the following: 

i) To knov the duties of the L~aly•i• operator. 

~) To know when, where and h9v to take a ~av «•s sample. 

J) How to use the Orsat apparatus. 

") The purpose o~ the Orsat apparatus. 

S) The im;>crta.91ce o~ C:02 and oxygen ~?lalY•••· 

6) Vhy speci<ic C02 percent&«•• are uaed. 

7) lr.':at occurs in the oxydation :one. 

8) ~he ea.~gers associated with ir.ef£ect1ve analyses • 

• 
. . ' 

I 

.. 
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A.i..~ALYSES OPERATOR DUTIES 

1) Perform C02 analyses on the gasifier every 1/2 hour or 

at any other time on request from the Main Control Room. 

2) Report all defecti ·1e equipment. 

3) Report faulty Orsat apparatus. 

4) Carry out instructions from the Shift Ccordinator . 

5) Maintain working area and analysis room in a clean 

condition • 

- -1 
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Taking a raw gas sample 

When taking a raw gas sample the following must be born in 

mind: 

1) Isolation valve on the sample line, which is situated 

on the raw gas line, before the control valve, must be open. 

2) The sample point is fitted with a pipe to which the sample 

holder is connected when the sample is taken. 

3) All condensate is to be blown out of the gas line before 

a sample can be taken. 

4) Report immediately if condensate continues to blow from the 

gaL line. 

5) Before gas is blown into the atmosphere, ensure that no 

cutting or welding is taking place in the area. Remember 

that raw gas is highly combustible. Inform the main control 

room if this situation is arising. 

6) When taking a raw gas sample always position yourself downwind. 

7) When all condensate has been exhausted the sample holder can 

be tightly connected to the valve. 

8) Open both valves on the sample holder. 

9) After sample holder is full, :lose the sample holder inlet 

valve. 

10) Now close the valve on the sample point. This prevents the 

possibilities of accidental injuries or gassing. 

11l Take the sample holder to the analysis room. 



..... 
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~ote: 

When a gasifier is changed to HP steam and oxygen any C02 

and 02 measurements which are requested must be done as 

quickly as possible. This is the most dangerous period 

when starting a gasifier. The C02 and 02 analysis will 

determine whether it is safe to continue or not • 

l 
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7~e Combustion Zane 

It i• u:t. ;·.1::i~iy icportant to p~r!"orm C02 L"'lalyses on the gasi fiera 

as they i~dicate ter.-:;:>er~ture var!ations in the oxydation, or firezone 

C02 (Ca.roon c!:i ox:i de) has the t;U:i eke st reaction when tc!?~peratures vary. 

Ve ~se hig~ pressure •tea.::2 a.."'ld oxygen to produce gas ~ro~ coal. This 

g~i!'yir.g agen~ i• ~•d into the gasifier below the as~bed vhere it i• 

eve.!1.11 •listributed by t.he grate. nie oxygen then. comes in contact 

vith the hot coal.. "'here the first reaction takes place. Thia 1• callt 

the combustion zone. The high pre!sure steam is used on\..:• to control 

te::peretures i.e. the less the ste~~ th~ higher the te::perature in thE 

combustion ~o~e and more stea.::J will ~ive a lower te::J?e~ature. 

Theor1, fore whe.:l the C02 is lower than appr. 28 %; (depending on 

the type of coal ) stea:::i r:r..tl't 'be added to t:1~ age::it to 

coo:!. the gasifier and to pre-.r.~·1t .·.-:, tnker !or~a~ion. In other worcs 

when too little stea::l is fed to a gasifier too E:nJC~ C02 vil-1 ef!ect 

t~e CO (Ce:bon M~noxice; percentage. T.he opposite wi~! ~~ply if too 

.muc~ stea:i is used. 

C + 02 = C02 + Heat a.nc si~ilarly C02 + Heat + c = co. 
In the first ~•action zor.e we also find C02 but this later in-

creases. 

~ The correct descript!o~ of the chemica! reaction in the com.b~stion 
zcne should be vritte~ th~s: 

2C + 02 c 2CO 

If the C02 in a gasifier fall• to appr. 23 % or below the responsible 

person is to he a~viaed ir.-..~ediately. 

If the C02 shovs 4'~ the gasifier must te tai<•n off line. This 

indicates that the fire,11 out a.nd oxy1en•can then not be us~:s 

•• it will ~ix with the raw 1•• to form L~ ~r.J'l01ive mlxture • . • 
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Raw gas consists approximately of the following compounds 

using GODAYARI KHANI coal. 

1 ) Hydrogen (H2) = 42 % 

2) Carbon Dioxide (C02) = 30 % 

3) Carbon monoxide (CO) = 16 % 

4) Methane (CH4) = 12 % 

5) Nitrogen (N2) = 0 % 

~perating condition (24 bar, steam/oxygen = 3.5 kg/m
3

n) 
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The orsat-apparatus and how to use it: 

1. The orsat apparatus consists of a glass buret, graduated 

upwards from O to 100 ml, and is provided with a water 

filled jacket. The buret is connected at the top to a 

stop cock manifold constructed of capillary tubing. 

To this manifold at each stop cock position, are connected 

absorption pipettes each containing a liquid absorbant 

which is used to remove one or more constituents from gas 

sample, and a combustion pipette. The manifold stop cocks 

are arranged in such a way that the buret may be connected 

to the atmosphere or may be connected to/or bypass any or 

all of the pipettes. The bottom of this buret is connected 

to a movable reservoir containing a confirming fluid such 

as acidified water. By adjusting tar height of the 

reservoir gases in the buret may be brought to the desired 

volume, according to the pressure of the confirming fluid 

and may be brought to the atmospheric pressure by a:igning 

the liquid levels in both the reservoir and buret. The 

orsat is provided with four absorption pipettes and a 

combustion pipette. 

2. The first absorption pipette: (for C02). This absorption 

pipette is filled with Potassium hydroxide solution. lt 

is here, the C02 in the gas is removed and the C02 content 

determined. 

3. The second a~sorption pipette: (for C02). This absorption 

pipette is filled with alkaline pyrogalic acid pollution 

and it is here the 02 in the gas is removed and the 02 

content is determined. 

4. The third absorption pipette: (for CO). This absorption 

pipette is filled with ammoniacal cuprous chloride solution 

and it is here the CO in the gas is removed and CO content 

is determined • 



5. The fourth absorption oipette: This absorption pipette 

is filled with acidified water and is used for removal 

of a~y ammonia vapour from the arnmoniacal cuprous solution 

before taking the final reading. It will also serve for 

storing the remaining gas sample before the estimation 

of H2 and CH4 by combustion. 

6. Combustion pipette: A know volume (say) of the gas 

stored in the absorption pipette 5 and 7 or 0 times 

the volume air are drawn into tLe buvette. The reading 

of this volume of the mixture is noted (say) . The mixture 

is passed into the combustion pipette. The platinum coil 

is brous~t to red heat slowly by supplying a current 

of 6 volts from a 6 volts battery or from a step doNn 

transformer. After parsing the gas mixture for a sufficient 

time over the platinum coil, the power supply is put off. 

The reading of the volume of the mixture is taken (say Z). 

The C02 in the mixture is now estimated by absorption 

in the first pipette (C02 = a). 

2 H2 + 0
2 

---. 2 H20 

CH4 + 2 02~ COz + 2 HzO 

Hydrogen combustion and also the combustion of methane 

give rise to water vapour, which condenses and produces 

reductions in volume. 

Calculation of H2 and CH4 in the sample ta~en fo~ combustion 

Total reduction in volume y - z 
Reduccion tue to combustion of CH4 is cwo times this 

volume of CH4 • C02 volume produ=ed = 2 a 

~l 

Reduction due to Hydrogen combustion 

= (y - z) - 2a 

(i) % Hydrogen = (y - z) - 2a 

3 

(volume of gas re
maining after es

x timation of C02, 
02 and CO) 

x 

(ii) % Methane = a - x (volume of gas after es ti.nation 
x of C02, 02 and CO) 
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14) GASIFIER CHECKLIST 

•o.3 

lo. 6 

lo. 7 

10. 8 

!he •laDDed 81lat4a.a" ot a gaa1t1er 
to ataoapherie pressar• 

!he -..tytnc an4 eool1nc ot a ca.S.t'ier 
_bef'or• bl.ant• can b • izlstalle4. 

P~al"atim tor 1n stallat1an ~ lt11Dd• 
atter a ps1t1er bas "-1 emptied aD4 
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- - e 
_CJltXKLIST NO. 1 FOR 'l'HE PLANNED SHU'l'DOWN OF A GASIFIER 'l'O ATMOSBPERIC PRESSURE •••••••••••••• 

Steps Control 
points 

(1) (2) 

1. Coal feed to Gasi- 1. 
tier bunker stopped 

Eight to ten hours 
before the gasifier 
is to be 

") .... Gas load reduced 
to 40% oxygen 

3. Control valve on 
raw gas line on 
automatic. 

4. Deash and grate 
stopped. 

~). Oxygen control 
valve closed. 
FRRC 4302 

b. High pressure 
steam control 
valve closed 

7. Oxygen isolation 
v<.tlve F 001 
closed. 

ti. High pressure 
steam isolation 

lv.:!lve 011004 closed 

shut down. 

When coal bunker 
is nearly empty. 

PHC 4115 

1. Control valve on 
manual control 
and set to zero 

FRC 4301 

F 001 

DH004 

uangers Associated 
in carrying out/ 
ignoring of proce-
dures 

( 3) 

First oxygen FHRC 4302 
and then high pressure 
steam stopped. FRC 4301. 

Action Comp le-
by ted by 

(Signed) 

( 4) ( 5) 

e 

Date Ref to 
shift 
coordina-
tor 

( 6) ( 7) 



-CltECKLI ST NO. 1 

( 1 ) 

9. Manually operated 
valve on oxygen 
line closed. 

10. Manually operated 
valve on high 
pressure steam 
line closed 

11. Valves to gas 
cleaning plant 
closed 

12. Starting of de
pressurizing 
Maintain BFW level 
in BFW Drum. 

13. Pressure difference 
between gasifier 
and jacket to be 
watched. 

e 
(continued) 

( 2) 

F 412 

DH 414 
PIC 4102, DH 431 

HOLD 

1. Raw gascontrol 
valv9 open. 
Depressurize 1 bar 
each 10 min. 
Hold at 5 b~1.r. 
PI 4105 and PI 4109. 

2. Maintain level in 
water seal in flare 
stack. 

14. Coal feed to gasifier 
completely stopped. 

- - rs: -isolation valve 
on coal lock pres
surising line 
closed 

IG. Coal lock bottom 
cone closed. 

GS 431 

e -
()) (4) ( 5) ( 6) (7) 

_J 



-CHECKLIST NO. 1 

( 1) 

17. At 5 bar the sumps 
of waste heat boi
ler and af tercools 
have to be washed 
J times by filling 
with injection gas 
liquor from section 
800. Discharge 
the washings to ex
pansion vessels 
F801 and F'802. 
At 5 bar switch 
raw gas controller 
from automatic 
to manual. 
washcooler 3ump and 
circulation pump as 
well after cooler 
sump are drained 
completely. 

lU. Isolation valves 
on \'laste heat 
boiler gas liquor 
line closed. 

19. Keep drain valves 
on gas liquor line 
at waste heat boiler 
and after cooler 
open. 

-(continued) 

(2) 

Open valve below 
catch pot hold 
and WU 404 as well 
WO 404 

1. "Dusty gas liquor" 
WT 401, 402, 403 

WK 404, Hold, WO 404 

- " 
( 3) ( 4) ( 5) ( 6) ( 7) 



-CHECKLIST NO. 1 

( 1) 

20. Raw gas control 
valve closed. 

21. Valve to flare 
opened. 

22. Raw gas control 
valve ~25% open 

23. Wash cooler pump 
stopped 

24. Gasifier at at
mospheric pressure 

25. Isolation valves 
on injection 
water line to 
wash cooler WG421 
9nd to after coo
ler WG 422 to 
be closed. 

-(continued) 

( 2) 

PRE 4115 

G/GR 413 

PRC 4115 

Stop first H.P.gas 
liquor injection 
pump in gas liquor 
separation unit 

( 3) 

e e 
( 4) ( 5) { 6) { 7) 

J 



- - -CllECl<L!S1' NO. 2 FOR 'l'llE EMPTYING AND COOLING OF A CASIF !ER BEFORE BLANKS CAN BE INS'fALLED •••••••• 

Steps 

( 1) 

I. Checklist number 
ls completed and 
signed 

2. Grate started and 
ash removed as 
normal 

Control 
points 

( 2) 

3. Low pressure boiler SW 431,432,433 
feed water to 
waste heat boiler 
and L.P. Steam 
system to be closed 

4. Isolation valves on 
low pressure BFW 
pump closed. 

5. Vent on high low 
feed water line 
opened 

6. Ashlock top cone 
closed 

7. Jacket drained to 
normal level. 

SW 434 

1. Gasifier empty 

WA 411 1 41 2 

Dangers Associated Action Comp le- Date 
in carry in<J out/ by ted by 
i·1noring of proce- (Signl.!d) 
dures 

( 3) ( 4) ( 5) ( 6) 

-
Ref to 
shift 
coordina-
tor 

(7) 

I 
_ _J 



- - " • CllECKLIST NO. J FOR PREPARA'l'ION FOR INS'l'ALLATION OF BLINDS AF'l'ER A GASIFIER HAS BEEN EMPTIED AND COOLED •••• 

Steps Control 
points 

( 1) (2) 

I. Checklists numbers 
1 and 2 are comple
ted and signed. 

2. Gasifier at atmos
pheric pressure. 

3. Gasifier empty 

4. Manually operated 
and isolation 
valves on high 
pressure steam 
line closed. 

5. Bypass valve at 
DH 004 on high 
pressure steam 
line closed. 

6. Vent valve on high 
pressure steam 
line opened. 

7. Isolation valve on 
start up air line 
closed 

8. Isolation valve 
and manual valve 
on oxygen line 
closed. 

DU 414, DH 004, DH.PB1 

·DH 41 3 

Separate air line 
will be provided 
later for start up 

F 001, F 412 

Dangers Associated 
in carrying out/ 
ignoring of proce-
dures 

( 3) 

Action Comp le- Date Ref to 
by ted by shift 

(Signed) coordina-
tor 
-

( 4) (5) ( 6) (7) 



-CHECKLIST NO. 3 

( 1) 

9. Vent valve on 
oxygen line open 

lo. Isolation valve 
on high pressure 
feed water line 
to jacket closed 

1 I. Isolation valve 
on the low pressure 
steam system from 
the waste heat 
boiler closed. 

12. Vent valve on the 
low pressure steam 
line open. 

13. Safety valve on 
waste heat boiler 
to be removed. 

14. Valves to flare 
closed. 

lS. Isolavtion valve 
on the coallock 
depressurising 
line closed. 

16. Blinds in coal 
- chute under 

bunker in closed 
position. 

-(continued) 

(2) 

f' 4 1 3 

ws 422, 423, 424 
425 

DN 437, DN 434 1 

4 35 

DN 433 

sv 431 

PRC 4115, 
G/GR 415 I 416 
G/GR 413 I 41 9 

GS 433 - 1,2 

- • 
( 3) ( 4) ( 5) ( 6) (7) 



-CHECKLIST NO. 3 

( 1 ) 

17. lsolation valve 
on filling water 

18. Line to ashlock 
expansion drum 
closed. 

1~. Electric fuses 
removed from 
the following 
a) Grate motor 
b) Wash cooler 

circulation 
pump. 

c) H.P. Gas liquor 
injection pumps 

d) Cooling water 
pumps 

- " • 
(continued) 

( 2) ( J) ( 4 ) ( 5) ( 6) ( 7) 

WV 403 



- - -CHECKLIST NO. 4 FOR 'I'llE INS'rALLA'l'ION OF BLINDS AFTER A GASIFIER IS EMP'rY AND COLD •••••••••••••• 

Steps 

( 1) 

o. Checklist Nos. 
1,2,3 must be 
~ompletE~d 

1. The Blinds of the 
following lines 
art~ installed: 

a) Oxygen 11.ne 
b) ll igh pr'2'ssure 

steam lin1:: 
c) Start-up air line 
d) coal lock pressu

rising line 
e) Coal lock depre

ssurising line 
r) lli']h pressure 

feed water line 
y) Low pressure feed 

w~• tt"~r line 
h) lli']h pressure 

feed injection 
water line to 
wash cooler and 
to aftercooler. 

Control 
points 

( 2) 

F412,F004, LN 411 
DH 414, DH.PB1 

GS 431 

GS 433-1,2 

ws 422, 424, 425 

Hold for UA LE No. 
I •• P. /H. P connection 
ijS 426, 427 

Dangers Associated Action Comp le- Date 
in carrying out/ by ted by 
ignoring of proce- . (Signed) 
dures 

( 3) ( 4) ( 5) (6) 

• 
Ref to 
shift 
coordina-
tor 

( 7) 



Cl!LCKI~l' NO. 5 FOH 'l'HE PIU:CAU'l'ION ·ro·· '!'AKEN l3EFOHE EN'l'l::RING A GAS~H FOR INSPEC'l'ION AND/OR 
• MAIN'l'ENANCE Al"'fER 'l'HE INDS HAVE BEEN INS'fALLED •••••••••• 

Steps 

( 1) 

1 • Checklist number 
4 for installa-
tion of blinds 
completed and 
signed. 

2. Gasifier empty 

3. Gasifier cold 

4. Coal lock removed 

- 5. Gasifier blown 
through with 
clean air 

b. CO and explosive 
gas tests done 
and result 
negative 

7 Airmask in gasi-.. 
fier 

H. Two safety belts 

Control 
points 

(2) 

Open ash lock top 
and bottom cone 

Suck the gas from the 
gasifier 

Dangers Associated 
in carrying out/ 
ignoring of proce-
dures 

( 3) 

Action Comp le- Date 
by ted by 

(Signed) 

( 4) ( 5) ( 6) 

fl 

Ref t.u 
shif L 
coord1na-
tor 

( 7) 

J 



e 
CllECKI...IST NO. 5 

( 1) 

q) Person on standby 
at coal lock 

10) Valid permit for 
entering a gasi
fier made out 
and signed. 

11) Gasifier has to be 
washed and cleaned 
from remaining 
coal and ash if an 
inspection found 
necessary. 

(continued) 

( 2) 

e e e 
( 3) ( 4) ( 5) (6) (7) 

- -i 



"' " 

CUECIAST NO. 6 FOR •1'UE PllliPARA'l'ION • REMOVAL OF BLINDS FROM A GAAJER AF'l'ER IN IN'l'ERNAL 
~ I.NSPEC'l'ION OR MAJOR N'l'ENANCE BEFORE THE GASIFIER 'WN BE S'rARTED UP 

Steps 

( 1) 

1. Internal in
spection carried 
out. 

2. Maintenance work 
completed 

3. Coal lock replaced 

4. The following 
blinds removed: 
a. High pressure 

steam line 
b. Start up air 

line 
c. Coal lock de

pressurising 
line. 

d. High pressure 
BFW line 

e. Low pressure 
feed water 
line to waste 
heat boiler/ 
steam drum 
system 

f. High pressure 
feed water 
line to wash 
cooler and 
aftercooler 

Control 
points 

(2) 

DH 414, DH.PBl 

GS 433- 1 1 2 

ws 422, 424, 425 

Hold No. for 
HP/LP BFW 

ws 426, 427 

Dangers Associated Action Comp le- Date 
in carrying out/ by ted by 
ignoring of proce- (Signed) 
du res 

(3) ( 4) ( 5) ( 6) 

e 
Ref to 
shift 
coordina-
tor 

( 7) 

_j 



-CllECKLIS'l' NO. 6 

( 1) 

g) Coal chute to be 
opened after 
bunker is refilled. 

5. Clearance for 
sLart up signed. 

6. External inspec
tion carried out. 

7. Coal lock and ash
lock cycles tested. 

8. Scraper tested. 

9. The following tes
ted by instru
ment section: 

a) All the alarms 
b) Instrument 

charts, pens etc. 
c) Trip system 
d) Control valves 

indication. 

-(continued) 

(2) 

1. All flanges tight 
2. All bolts in 

position 
3. All scrap material 

etc. removed 

All instruments 
in order. 

- -
( 3) ( 4) ( 5) (6) ( 7) 



e 
CllECKLIST NO. 6 

( 1) 

10. Jacket water 
drained and 
refilled with 
boiler feed 
water. 

11. Waste heat boiler 
drained and re
filled with boi
ler feed water. 

12. Isolation valve 
on low pressure 
steam line from 
waste heat 
boiler system 
open and all 
vents to be 
closed. 

13. The following 
fuses are re
placed: 

a) Grate motors 
b) Wash cooler 

pump motor H.P. 
c) Gas Liquor Injec

tion pumps 
d) Cooling water 

pumps 

e e e 
(continued) 

( 2) ( 3) ( 4) ( 5) ( 6) (7) 

~ 



-CHECKLIST NO. 

( I ) 

14. Motors and 
valves 
tested. 

6 

15. Injection water 
to waste heat 
boiler open and 
af tercooler and 
level normal. 

(continued) 

(2) 

- e e 

( 3) ( 4) (5) ( 6) ( 7) 



- - -CIIBCKLIST NO. 7 for the Start-up of a Gasifier with High pressure Steam and Air 

steps 

( 1) 

1. Checklist no. 6 
completed in full 
and signed. 

2. Jacket and waste 
heat boiler (WHB) 
steam drum full 
of feedwater 

3. Low pressure steam 
isolation valves 
open at WHB 
to BFW-heating 
system. 

4. Gasifier rawgas 
control valve on 
manual and 
fully open. 

Control 
points 

( 2) 

Gasifier jacket-60% 
WHB-Steam drum-40% 

DN 434, 435 
with the injection 
H.P. Steam to the 
steam injection coo
ler 2.8 bar (g) satu
rated steam is pro
duced. It is used to 
heat thg BFW-tank up 
to 105 c. The dip 
heater is used to heat 
the ~ater up to 

· 100 c, the other 
to dearate the water 
entering the dearator. 

PRC 411S. G/GR 415, 416 

G/GR 419 

Dangers Associated Action 
in carrying out/ by 
ignoring of proce-
dures 

(3) ( 4) 

e 
Comp le- Date Ref to 
ted by shift 
(Signed) coordina-

tor 

(5) (6) ( 7) 



e 
CllECKLIS'f NO. 7 

( 1) 

5. Rawgas bypass 
valve fully open 

6. High pressure 
steam line 
warmed-up with 
all available 
drains. 

7. Before loading 
purge with 
gasifier 

HP-steam for 
approx. 15 
minutes. Work 
through ashlock 
and ooal lock 
while gasifier 
is being blown 
with steam. 

8. Purge steam 
isolation valve 
open. 

9. Close high 
pressure steam 
control valve 
on manual 

e 
(continued) 

( 2) 

G/GR 419 

Open only 1" bypass 
valve on the high 
pressure steam iso
lation valve DH 004. 
RRL will provide 
later. 
DH 002, 413, 005, 008, 
001. 

Provided 
to WHB safety valves. 

FRC 4301 

e e 
( 3) ( 4) (5) ( 6) (7) 

I 
__J 



e 
CHECKLIST NO. 1 

( 1 ) 

10. Blow ~asifier with 
100 rn n air at at
mospheric pressure 

11. Load gasifier 
with 3 coal 
locks of coal. 

12. Coal lock bottom 
cone open 

13. Close coal lock 
bottom and ash 
top cones. 
Open high pressure 
steam manual con
trol valve fully. 

14. High pressure 
steam control 
valve on manual 
and adjust card 
reading 90%. 

e 
(continued) 

( 2) 

Ensure that coal 
runs through 
into gasifier 

Filling time of 
coal lock approx. 
2 minutes. 
Coal lock empty. 
Close air control 
valve FRC 4302 

DH 414 

1. Open valve 
slowly FRC 4301 

2. Check pressure 
differential 
between jacket 
and gasifier.' 
PI 4105, 4109 

3. Permissible 
pressure 
differential 
2 bar 

e e ~ 
) 

( 3) ( 4) ( 5) (6) (7) \ 

~ 



-CUECKLIST NO. 7 

( 1) 

15. Valves on drain 
lines on WHB and 
af tercoolers to 
be opened to the 
pit to control 
level. WO 404 
and valve below 
the catchpot. 

16. Injection water 
to washcoolar 
and aftercooler 
open. 

17) Cooling water 
to wash cooler 
recirculation 
pump open. 

18) Washcooler pump 
drain valve 
closed. 

19) Wash cooler 
recirculation 
pump in 
conunission. 

20) Rawgas control 
valve on manual 

-(continued) 

(2) 

Emergency injection 
water closed (HP-BFW) 

Gland cooling 
valve WV 405. 

WK 404 

1. In and outlet 
isolation 
valves open, 
WU 401, 402 

2. Gasliquor 
level in WHB 
normal. 

Valve fully open 
PRC 4005 

- e 
( 3) ( 4 ) ( 5) ( 6) (7) 



e 
CHECKLIST NO. 7 

( 1 ) 

21. Oxygen air control 
valve on manual 

22. Tr 2 controlled 
between 320 °c 
and 350 °c 
Agent temp (TR2) 

23. Coal in gasi
fier heated 
with high 
pressure steam 
for2 to 3 hrs. 

24. For grate check 
that lubrication 
is available. 

25. Reduce high 
pressure steam 
flow. 

(continued) 

( 2) 

Valve fully 
closed. 
FRC 4302 

e 

High pressure 
steam flow 
Chart reading 
90\ 1 approx. 300 kg 
Steam/h 

Gasifier outlet 
temperature TR 4 
approx. at 100°c 
for 1 hr. 

Go through complete ash 
lock cycle every 30 
minutes to remove con
densate from gasifier. 

1. Close steam control 
valve on manual 
FRC 4301 

2. Close high pressure 
steam isolation 
valve DH 004 

e e 
( 3) ( 4) ( 5) (6) (7) 



-CllECKLIST NO. 7 

( 1 ) 

26) Slowly open 
high pressure 
steam isolation 
valve. 
Just crack open. 

27. Open start-up 
air isolation 
valve. 

28. Open start-up 
air control 
valve 

29. Open high 
pressure steam 
control valve 
a little on 
manual 

30. Gasifier pressure 
increased to 
25 bar 

-(continued) 

( 2) 

High pressure steam 
line is at full 
pressure up to 
control valve. 

+60 m3n/h, 90 % 
chart reading. 
Take attention to 
Gas outlet temperature 
TR 4. Increase 
showing that ignition 
started. 5 Minutes 
after starting with air 
gas samples are analysed 
for co2 and o2 every 
10 minutes. 

1. Control tr2 at +2oo0 c. 
2. Pay attention that 

pressure difference 
between gasifier and 
jacket is not higher 
than 2.5 bar. 

Raw gas control valve 
and vent bypass valve 
still in open position. 
Pressure controlled 
only with bypass valve. 

e e 
( 3) ( 4) ( 5) ( 6) ( 7) 

~.. i 



-L'llECKLIST NO. 1 

( 1) 

31. co2 analysis 
done and under 
control at about 
18% to 21%. 

32. Haw gas flow 
starts increasing. 

33. Gasifier gradually 
filled with 
coal. 

34. Control co2 between 18 % to 

35. 

36. 

21 '· 

•rurn grate 
for 2 minutes 
each thru low 
speed. 

co2 and o2 ana
lyses done and 
o2 o.6% 
found in gas. 
Increase the 
gasifier pressure 
to 5 bar. 

-(continued) 

(2) 

When temperature (tr4) 
begins to rige and ex
ceeding 150 c load a 
coal lock of coal 

Gasifier full of coal. 

Watch gas outlet 
temperature (tr4) 

1 bar/10 min. 
Ash lock top cone 
must be closed with 
each pressure 
increase. 
Close PRC 4005 - Bypass 
G/GR 419 fully and 
adjust controller 
around 50 %. 

- -
( 3) ( 4) ( 5) ( 6) ( 7) 



-CHECKLIST NO. 7 

( l ) 

37. De-ash very 30 
minutes to re
move ash and 
condensate from 
9asifier 

38. Control gas 
outlet tempera
ture at 
150 - 200 °c. 

39. Gasifier to be kept 
full with coal. 

40. Gasifier on air and 
steam for 6-8 hrs. 

41. No unburnt coal in 
ash. 

42. Rcti9hten all 
hot flanges. 
(hot pull up). 

-(continued) 

(2) 

Ensure ash lock is 
empty. 
Use packing 
facilities. 

If coal prices appear 
in ash reduce 9rate 
speed. 

( 3) 

- e 
( 4) (5) ( 6) ( 7) 

__ I 



Chec~t No. 8 for: THE START-UP OF~GASIFIER WITH HIGH PRJ::SSURE ~M AND SWITCHING OVER FROM ~ 
~ AIR TO OXYGEN. ~ ~-- ~ 

Steps Control 
points 

(1) (2) 

1. Boiler feedwater 40% 
to jacket and Jacket 50 \ 
waste heat boiler Steam drum 20 to 30% 
steam drum checked, 
level normal. 

2. Wash cooler re
circulation in 
operation and in 
order. 

3. Gasifier full of 
coal. 

4. Temperature sett-
led out. 
co2 and 0

6
-content 

in raw ga within 
limits. 
co2 : 18 to 21' 
02 : 0.6 ' 

5. All instruments 
in order 

1. Ashlock tern-
perature TR 3 
approx. agent 
temperature 

2. ~:!P~u~~~toc to 
200 c. 
Flare has to be 
ignited. 

Instrument tech-
nician present. 

Dangers Associated Action Comp le- Date Ref to 
in carrying out/ by ted by shift 
iynoring of proce- (Signed) coordina-
<lures tor 

(3) ( 4) ( 5) ( 6) (7) 



e e e e 
CHECKLIST NO. 8 (continued) 

( 1) (2) ( 3) ( 4) (5) ( 6) ( 7) 

6. Gasliquor level 50 ' 
in WHB sump 
normal. 

7. Oxygen isolation F 001 
valve closed. 
Open vent on R 413. Line pressure 
oxygen line drops. 

8. Oxygen/air control FRC 4302 
valve on manual 
and closed. 

9. Change from air 
to oxygen supply 
in o2 plant. 

10. Blank air/nitrogen LN 411 
utility line 

11. Gasifier deashed 1. Ashlock bottom 
and expansion drum cone closed. 
full of water. 2. Ashlock top cone 

closed. Grate 
is to be Rtopped. 

12. Check with pro-
cess coordinator 
that oxygen and 
high pressure 
steam is available. 

13. Isolation valve in F 001 
oxygen line open 

-~--



8 
LHECKLIST NO. 8 

( 1 ) 

14. Gasifier raw-
9as isolation 
valve to be 
closed to 
put of the 
flame at 
the flare. 

15. Adjust steam 
flow to 40 %1 

and keep it 
constant. 

16. Open oxygen 
control valve 

17. Slowly open 
high pressure 
steam 
manual con
trol valve 
fully - if 
not already. 

18. Slowly open 
oxygen con
trol valve 

-(continued) 

( 2) 

G/GR 415 or 416 

FRC 4302 

Keep steam flow 
and differen-
tial pressure 
under observation. 

Oxygen flow chart reading 
should be adjusted 
in accordance with chart 
reading of HP steam flow 
depending of the type of 
coal used. 

·~ . - -~ .. ~ I ' ' ', 

- -
( 3) ( 4) (5) ( 6) ( 7) 



-CHECKLIST NO. 8 

( 1) 

19. Increase gasifier 
pressure to 10 
bar. 

20. Rawgas control 
valve rrust not 
close completely. 

21. co2 and o2 analyses 
done. 

22. Increase gasifier 
pressure to 15 bar. 

23. Ashlock in opera
tion. 

24. Gasifier full of 
coal. 

25. De-ash every one 
hour. 

26. High pressure steam 
and oxygen flows 
checked by instrument 
technician. 

e 
(continued) 

( 2) 

Pressure difference 
between gasifier 
and jacket below 
15 bar. 

co2 might rise to be
tween 35 % and 40 % 
and then fall to 
28 \ to 30 \. o2 in 
rawgas less than o.4%. 

Grate drive position 
and running time of 
grate has to be ad
justed with the load 
of the gasifier. 

' 

e e 
( 3) ( 4) ( 5) ( 6) ( 7) 



-CHECKLIST NO. 8 

( 1 ) 

27. High pressure 
steam and oxygen 
control valves 
switched to 
automatic 

28. Second Hot pull
up on flanges 
done 

29. Ashlock temp. 
(tr.3) and gas 
outlet temp. 
(tr.4) inside 
normal limits 

30. Readjust oxygen 
to steam ratio. 

31. <?ontrol co2 
in raw gas 
between 28\ and 
30 ' 

32. Gasifier pressure 
increased to 
20 bar 

33. Gasifier pressure 
increased to 
about 25 bar. 

-(continued) 

( 2) 

Gasifier/ash lock 
main flange and 
other flanges 
if necessary 

By watching co2-content 
and ash quality. 

Ashlock top 
cone closed 
during pressure 
increase. 

e 
( 3) 

' 
e 

( 4) ( 5) ( 6) (7) 

f 

__ J 



- -
CllECKLIS'r NO. 8 (continued) 

( 1) ( 2) 
~~~~~~~-~-----~~~~~~~~~~~~~~~-

34. Switch over to 
gas cleaning 
plant 

35. Ashlock in 
operation 
de-ashing as 
normal. 

36. Increase gasifier 
load. 

First steam 
followed by oxygen. 

e e 

( 3) ( 4) ( 5) ( 6) ( 7) 

---------------------------------------------------------------------------------------------------------------
Conunents: 

1) Gasifier jacket and WH 8 drain samples have to be analysed once a week to check BFW quality. 

I ' 
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1 5. US COOLINC 

-
The pu.rpose at this chapter is to explain the 

fol loving: 

1. how the raw gas is cooled in the gas coolers 

2. the equipment used in the cooling process 

• 3. now to control the cooling process. 

/ 

• 
• 
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GAS cootr:m 

1 s. 1. PURPOSE OF GAS COOLING: 

The pur»ose o~ the gas Cooler~ are to cool down the 

raw ~as comng from the G!lsifier to the temperat:ire 

leVel r~quired at the inlet of the gas cleaning 

section. 

TnP- raw ~ac; ~ro!!! thP Gact1f1er ic: cool.:.~ ~o··n to ttP

require~ ter.ipP.rature lev~1 in t··'I') et~~pe, ?1P.~el7, ·~eh 

cooler, i.,,aste heat ~oiler an~ a~t~r coolo.~. Tne 

wash coo~er 1c; locatPd on the top of the wac;t~ heat 

boiler and attached to the gasifier o~tlet • 3as 

liquor is spraYed here to quencn the gas to belov the 

saturation temperature. 

15 2.1 Waste Heat Boiler: 

Tne gas from the wasn cooler enters the •.Je!;te heat 

boiler at about u~0t,;. It i's cooled oy boiler 

f~e~ ~at~r ~ent to the Shell side. Tne waste heat 

bo1le~ is a shell and tube heat exchanger i.e. 

t~e hot ra~ gas flows through t~e tubes and the 

boiler feed water rlows bet~eP.n the tube~ an~ 

shel 1. Due to the cooling down of the rav ga c; 

conde!1sate (Tar a::d gac; 191.·;uor) ic; f orrn~~ a:iti 

this collects in the sump. Th~ le~el in the ~·irr'r'.' 

1~ aJtomaticall7 controlled and tha Tary 5ac; 

liq~or is routed to thP. gas li~uor separation 

plant. 

• ••••• z •• 
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The normal temperature of the raw gas enterin~ 

the waste heat boiler is 180oC and the normal 
0 

temperature of the gas leavin~ i~ 160 c. 

AFTIB COOLER: 

This cooler is basically the same as the Waste 

Heat 3oiler. Gas liquor is injected in-:to the 

top of the aft?r cooler to prevent the f orma-

tion of ammonium earbonate and bicarbonate cryc:;tals. 

The gas is cooled by means of "Cooli~g water". 

!'fo!"mal inlet raw gas t.<:mperatu!"e 1~ iro 0 c and 

the nor!n&l outlet temperature is 40oc. The 

condensate forme1 is oil and gas liquor and i~ 

routed to the e,;:pansion vessel. 

OPE?J.TI ''ft} P:lOC~!JRE.cl: 

overl~d or fouling of the cooler~ is indicat~d 

~/ the increasing temperati1re the outlet tempera

ture at the after cooler (no?"!!'al 4.0°C). I~ thi~ 

occurs it should be checked that, 

a) t~e cooling water valve ~t the after cool~r 

1 s fully open 
• 

b) the injection water line to the after cool~r 

1! open 

e) levels in 1Jaste heat boiler and aft-=r cool~rc; 

~!.ll'lp are being controlt~d correctly 1.e • 

. . . . ~ .. 
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15. 3.2 LEVEL CO~!TRCL CF ST.Y.PS 

All levels are controlled automatically. At ex-

- treme high level the gas now can be :0 tocke1. 

At low level the gas may enter into the gas 

liquor line to g2.! liquor separ-it1on(note:th1s 

•.fill blow the safetr ~eal~ ~t gas liquor se~tion). 

r~ an aut~tic lev~l control sy~tem fail~ the 

level can be controlled by the bypass for the 

appropriate valtAe. Tneref ore the bypass 'Vilves 

are so installed that the level can be Vcltched 

when the bypass valve~ are c;erated. 

Ir a gas break through has occ'.ll"ed icnediate 

action is required and the appropriate control 

valve or the shut off valve must be closed and 

the level controlled manuall7 using the bypass. 

: 5. 4. T'l!PICAL Q'TESTIOrfS ON' GA~ COOL! NG: 

1. Describe how raw gas is cooled in the fo 1 lowin£: 

a) Waste heat boiler 

b) After cooler 

2. How are the tubes of the after cooler kept 

fre~ of blockages. • 
3. Wha~ poi~onous gas is found in raw ga~ ? 

4. H'"""' wo!lld you control the temperature of ra'W 

gas to gas cleaning s~ction ? 

•••••• 4 ••• 
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s. How is the gas 11~r levels in the waste 

heat boiler ann a!'ter cooler controlled ? 

6. What 'Will happen if gas enters the gas liquor 

lines to the gas liqaor separation section ? 

7. Ir any automatic level controlle~s on the 

cooling system fail, can the levels still be 

controlled. HOW ? 

8. How will 1011 know if a gas break throt.igh has 

occured on gas liquor lines ? 

9. What are the raw gas inlet and o•ltl,:.t temperat11rec; 

on each cooler ? 

10. Describe the waste heat boiler • 

11. Describe the aftercooler • 

12. How do the tubes in the after cooler become 

blocked ? 

13. In tne event of the rav gas temperature to 

gas cleaning section being too high (above 40°c), 

wna.t snould be checked ? 

14. What 1 s the PU?? ose of the gas cooling ? 

•••• 
• 

-. l 
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16. GAS LIQUOR SEPARATIO~ 

The purpose of this chapter is to provide with a 

basic knowledge of: 

1. How the gas liquor separation section is connected 

··'It to the gasification section. 

2. The feed streams into the gas liquor separation section 

3. The ~eneral process flo~ ~ithin the gas liquor sepa

ration sect:!.o"l. 

4. !ow the v~rious feed streams are processed. 

5. The eqllipment tlSed wit~J.n the section 

6. The product i:;tream!=l from the ~it • 

• 

I 
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16. l. PURPSSE A!ID CAPACITY OF THE ITNIT 

16 1.1 PURPOSE 

The purpose of the gas liquor separation 1~ to sepa-

rate various gaseous, liquid and solid components 

from the gas liquor streams which originate in the 

gas coolers. Separation takes place by gravity. 

The gas liquor streams from the gas coolers origi

nate from cooling and washing or the raw gas from 

coal gasification. The raw gas contains a large 

amount of wate~ vapor (undecomposed steam,products of 

carbonization such as tar,oil,naphta,phenols, chlorine, 

flaorine and fatty acids. It also contains dis-

solved gases, mostly ammonia (HH3) carbon dioxide (co2) , 

h1drogen ~) and a small amount of combustible 

gases and coal dust, as well as inorganic salts. 

The 1isso~ved gases are removed from the gas liquor 

by expansion to almost atmospheric pressure. The 

different liqllids and solids are separated in sepa

rators by means of pr~sical methods based on settling 

time and differences in densities. 

The prod~cts from gas liquor separation are expan

sion gases, oil, dean tar, heavy dusty tar and a 

relativel/ clean water, vhich is pun:ped to the 
• 

biological plant. Cil and possible i::1ean tar pro-

ducts are collected in the existin~ oil and tar 

tanks. 

16. 1.2 CAPACITY 

The gas liquor separation Lll'li t 1 s des1 gnen for A 

total gas li1:Jor flbw of approx.'2m3/~. 
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16.l.3 ~lORMAL T~E!RATURES A~ID PRESSURES OF HAIN STREAMS 

There are two streams routed into the gas liquor 

separation; the dusty gas liquor from the waste 

heat ~oiler and the oily gas liquo~ st~eam from 

the after cooler. 

16. 1.3.l. DUSTY GAS LIQUOR 

Th:ts is the con-:1.ensate for!n the T,...rac::te 

H@at 3oiler (w~3) sump. It c~~tain~ the 

coal dll~t, the ma.in portion of higher 

phenols and tar, the fatty acids, the chlcr 

r1ne and fl~orine and a certain qUa.ntity of 

NH
3 

and dissolved gases. 

16. 1.3.2. OILY GAS LI?UOR 

This condensate originates from th~ raw 

gas a!'ter~cooler. 

The oily gas liquor stream contains the 

oil (lighter tha~ water), the monophenols 

and the main portions of NF3 and dissol•1ed 

g~ ses and minor portions of the cociponent s 

mentioned for the d:.isty gas li·:i_Uor. 

1 6 • l. 4 FE£D STREAMS 

16.J..4.l FLOW OF i)'r.~·! GAS LI ~UOR 

The dusty gas liq~or is releasert fro~ 
• 

the waste heat boiler Slllilp in g~sifica

tion by A levet control.er~ and fad ti') the 

• •••. 3 ••• 
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primary expansion drum. In the expan5ion drum, 

the gas li~uor is expanded to almost atmospheric 

pressure. The ex;iansion gases vhich escGpe consist 

o! flashing steam and a part of the gas prev1ouslY 

dissolved in the gas liquor. The expanded dusty 

gas liquor flows b'f gravity to the tar separators 

which are 'tiorldng in parallel or in series. To 

avoid a gas break through to the separators, 

each expansion dru:n is equped with a seal of abont 

6 m. height. 

16 • l. 4. 2 PRIMA.'=\:! AlG SiCO·:'DARY TAR SSPA:lA'!'ORS 

The dusty gas liquor fror.i the prirnarr expansifm 

drums is mixed ~ith the gas liquor from the 

tar slop pit befcr~ it enters the pricary tar 

sepc:. rat ors. 

The mx:ture of the gas li::tuors is routed to a 

central inlet pipa in tha primary tar separator 

in wtii:h it flows downwards and from ~here it is 

distributed radiall/ i:1to the settling zone. In 

this zone, dt.ist and the heavier t.:ir is separated 

and settled down into the cJ!'~ical bottoCl section 

of the separator. 

The gas liqi101" flbWS radially :Seit to the 

ou•er~all of the separator, where it pas~es an 

overflo'« for oily gas liq\lor a-"l~. lea•:e~ i:1;P. 

primary tar sep&retor. It is combined •.-1ith t~.e 

oil:r gac; liqtlt')T fTom tr.e ~econ1n~/ c;epgrator 

•••••• 4 •• 
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working in series or parallel and flows by gravity 

to the oil separator. A second gas l~ or over-flow 

is connected to the outer "Wa.11 of the tar :apz.=-ators, 

where the clea~ gas liquor leaves the separator~ and 

is routed directly to the g:.s liquor tank. Tar, which 

is separated in the settli.~g zone and settled down on the 

conical roof, is drained throub~ dip pipes to the conical 

bottom. 

The heavy, dusty tar is drained from the bottom of 

the pr1marf and secondary ta: separator to the d~ai~ 

S'/ st em. 

The clean tar seVtled in the primar1 and sacondary 

tar separators is withdra·.m batchwise from the tar 

outlet nozzels of the tar separators and is routed 

by gravity flow to the tar run down tanks. The lev~l 

of th~ c1ean tar can be checked by sample nozzles 

arranged at the cylindrical · .. a 11 o~ tr.e sepci r~t or, '!'he 

tar separators ar'? equipped witi: h~atin:; coil~, to 

avoid blockages at tre conical bottoi:'!, re1:.iltinfl' froo 

the high viscosity of cold du~ty tar. 

16. l.4.3 FLo·,.; CF OILY 11AS LIOUOR (SEB s:-:~c;: 8) 

The oily gas liquor from the after cooler 

expa:i.ded into the secon~ary .expansion dr1.im. 

1.4. 3.1 s:.::cc:i J,\Ifl EXPA:;sro;~ DR"JM 

1.1 t!:!e second~r; expa!lsion drtlZl the gas 

liquor from the Rftar cool~r is expanded 

to almost stmo9pheric pres3U!'e. The 

exp&. :i si on ga. se s ·irhi ch e sea p e co:i. si st of 

••••• 5 •• 
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flashing steam and. carbon dioxide with 

minor portion! of hydrogen, carbo:i monoxide, 

ammonia and methane. 

To avoid pressure build up in the expansion 

drUJI1s resultin5 from a failure of the level 

cor.trol valves in gas cooling each expan~ion 

drU!!l is equipped ~ith a seal of 6 m hei~ht. 

The gases from the expansion drum are vented 

to at~ospbere , ~he -water is drained to the 

tar slop pit 'Washer and ftl.I'ther t·'J the tar 

slop pit. 

16. 1.4.3.2 OIL SEFA.°u\TOk 

The axpa.:ided gas liquor from the sec1JI11ary 

expansion drllI!l flows by gra vi t:r to ~he oil 

separator. The design of the oil separator 

is simila.r to the tar separators and the ~,.,de 

of operation is the saoe. Since only a very 

'Smal 1 q 1..1ant i ty of tar is expected to sett 1 e 

down in the conical bottor.i section, the oil 

separator has no heating coils. 

The ~ettlen tar is ~rained batch'Wise to the 

trench system leading to the tar slop pit, 

fr~ where it is pWllped back to the sep.-=irators. 

The oil separated.in the oil separator flo'A'S 

via a fixed internal wier and an adj~sta~le 

overflow to the oil ru.~ down tank3 as reqiJired. 

The treated gas liquor flows by gravity 

to the gas liquor tank. 

• •.. s •.• 
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The gas liquor is further treated in the 

biological gas liquor treatment. 

16. l. 5 FLOWS WITHIN THE UYIT 

16. 1. 5.1. FLOW OF GAS LIQUOR FROM T ~q SLOP PIT 

There are various st~eams running into the 

tar slop pit; 

a) Gas liquor from gasification 

b) Gas liquor (including tar, oil and dust) 

from "trenches0 resulting from draining 

of equ:pment in gas liquor separetion, 

ga s:.fication and gas ~ooling. 

c) FluJhing gas liquor which was used for 

cleaning purposes. 

d) Rai~ water from the paved area in gas 

liquor separation. 

The gas liquor from the tar slop pit ic; 

nonma!.l/ pumped by the tar slop pit p:l:lp 

to the primary tar separators where it is 

treated together ~ith the dust1 gas liq~or~ 

16 .1.6 R~CY~Li.I) HIGH PRESSURE INJ3C':'IOi-l GAS LIQUOR 

Hi~~ press~re injection gas liquor is needed for 

1nje~tion into the was~. cooler and into the after cooler • 
• 

The gag liq~or 1~ taken from the gas l1q~or tank and 

pumped by the h. p. ~as liquor injection pumps. 

16. 1. 7 FLOWS OT.r.' OF mTIT 

1.7.1 GA~ LI?10R 

The trP.atP.'1. 
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liquor s~aration to the biological gas 

liquor treatment pumps • 

16. 1.7.2 OIL 

The oil separated 1n gas liquor separatiop. flows 

to the oil run down tank. 

16 .1.7.3 ~ 

The heavy dusty ta!" is drained to the slop pit and 

has to be removed by from time to time. 

The clean tar settled in the prioary tar separators 

flows by gravity to -:he tar run do"'Il tanks. 

The expansion gas lines from the primary and 

secondary expansion drums are router to at~osphere • 

• 

I 
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TYPICAL ou:::s-rro~s ON GAS LIQUOR S~AF..ATION 

1. What is the purpose of the gas liquor separati<>n unit ? 

2. Define dusty gas liquor and describe the flow to the 

tar separators. 

3. Define oily gas liqllor and descrj_be the now. 
4. Apart from dusty gas liquor What other gas liquor s~'!'eam 

is fed to the tar sepa~ato~s ? 

s. Wlat 1 s the purpose of the tar ~epar.1tors ? 

6. What is the purpose of thld oil separ~to::- ? 

7. Describe what takes place in the expansion dr!.lllls? 

8. What is the tar slop pit and from .,,here does it get its feed? 

9. High pressure injettion gas liquor is needed in va~ious 

parts of the plant, (a) what are they ? (b) from where is 

it taken ? (c) ho~ is it pumped ? 

1 0 o What are the tar run down tanks. 

11. Dra· . ., a rough sketch of the dtisty and oily gas liquor flow • 

• 
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17) MAINTENA..~CE GUIDES 
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SAFETY REGULATION 

I l•troductioo 

l·l r•fet1 regulations are to be adhered to at all 

times. 

1.2 These regulations are binding on all persons. 

1.3 All operating personnel should be familiar with 

the Safety Regulations, ann emergency procedures 

at ~11 times. 

1.4 All operating person.~el are to make themselves 
familiar with fire and em~rgenc~ eq·li.pment in 

the plant and no obstructions are to be placed 

near this equipment. 

2 Coal handling plant 

2
0
1 Inspection of eoal and gasifier bunkers. 

2.1.1 No person is to enter a bunker unless 

autnor1 sed. 

2.1.2 A saret1 belt and Drager gas mask wi.111 

be worn by any person entering a bunker, tne 

safety belt to be securely anchored. 

~.1.3 ?or every person entering a bunker two 

persons are to be oq standby. Th~y vill 

also be equipped with safety belt~ and 

gas masks. 

2.1.4. Ir any lad~er~ are htlll~ 1ns1~e a ounk~r tney 

must oe securely ancnore1 at the tcp of tne 

bunker. 
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2.1.s Maintenance persainel who intend 

working on a conve1or must ensure that 

the eqllipment is isolated be!ore work 

begins. 

2.1.6 Cleaning of conveyors 

•o cleaning on, ander or alongside moving 

conveyors is permittea • 

No oent iron oars et1,;.are to bP. used 

to el~an cnute~. If tnis i~ neces~ar-1 

tne rod must oe emootn, straignt and 

have no sharp ends. 

2.1.7 No person maY climb over a movi~g or 

stationar/Y conveyor excepting where 

walkvars are proviied. 

3 Gasifiers 

3.l work in or inside inspection er a gasifier 

3.1.l No work or inspection ma.7 take place 

anless all precautions, according to 

relevant check-ligts, have been taken. 

3.1.2 No person ma/ anter a gasifier 1.1nless the 

coal lock has been removgd. 

3.1.3 No per~on maY enter a gasifier unleg~ 

fresh air 1s btowi~g 1nto the gasifier. 

3.l.4 Any ladder hanging ins11e a gasifier 
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is to be firmly tied at the top. 

3. ~ Tightening ot ash lock top and bottom cone glands 

Under no circumstances can this work be 

performed while the ash lock is a.oder pressureo 

3. 3 Opening or ash lock bottom cone 

The ash lock operator must ensure that no 

persons are in the immediate vicinity of the ash 

lock when the botta!l cone is opened. 

3.4 Removing an ash lock bottom cone and seat while 

the ash lock is still f~ll of ash or water 

It must always be borne in mind that it is 

extremely dangerous to perform thi~ task while 

the ash lock may be full of ash or ~ater, and 

as such, may only be carried out under the 

direct supervisbn or the shift coordinator. 

To prevent accidents and \njll!'ies the following 

procedure must be strictly a.Bhered to; 

.&sh lock depressurised • 

• 3.5 Under no circumstances must an1 eqlli.pment be 

operated above stated pressures or temperatures. 

A dnagerous situation ean result 1! this occurs. 

a.a No vater ma.Y be fed into the gasifier from 

the ash lock While it 1! still hot • 

• • • • 4 •• 
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4. Gas liquor separation and gas cooling 

Entry into !umps, ash canals, tanks or sewers 

-4o l No person 1118.1 enter aey a! the above ment1 aned 

without a permit. 

4.2 No person may sign his own permit. This m.a.1 

only be done by an a~thorised official. 

4.3 When manholes are opened, and Wlt11 safe for 

entry, the area 1s to be fe~ced off and a 

"no entry• sign hWlg. 

4.4 Before any o! the above ~re entered ~ stand~y 

person must be in attendance. He is not to 

leave his post tl.'ltil the person working inside 

has left the vessel, canal or sewer. 

s. General 3afet1 Regulaticns 

s.1 Qper!iting 

The plant is to be kept in a neat and tidy 

condition to mini!:lise fire hazardso 

s.~ Gloves are to be worn when opening valves m 

steaM or hot product lines. 

5.3 Safet7 goggles are to be worn to prevent eye 

injuries. 
• 

5.4 Gas l18.sks are to be ~om by any person 

shutting dcnm eqllipment ..mere gas is present, 

e.g., vash cooler pumps when the packiug has 

blown out, process lines which have developed 

•••• 5 •• 
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leaks, and leaking !lallges on a W.n.B. In 

these circumstances a senior person must be 

on standby Wltil the equipment is safe. 

s.s All temperature alarms must be checked atleast 

once per shift. Ir any are fou.~d to be faulty 

the fact is to be reported immediately. 

6 General Maintenance RegulatielliS 

6
0 
l In an emergenc1, maintenance persan..~1:?l are 

responsible to the ~hift incharge or more senior 

official. 

6.2 certai~ maintenance reqllires, apart from a vork 

permit, a check-list which is to be completed 

before work can commence. Maintenance personnel 

are expected to be familiar with these check-

11 st s. 

6
0
3 All persons doing stand)1 where welding is being 

carried out are to wear welding goggles and not t 

look directly at the welding • 

• 
6.4 No oxy-gen or acet7lene cylinders are allo~ed 

on the coal lock floor of the ga.sificat1on 

~uilding, or any other high floor where they 

Dla1 fall throu~h. They must always be placed 

on the lowest possible floor and long hoses 

used to reach higher levels. 
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6. 5 All safety equipment, as laid down in the 

Safety R•gulati~~s, must be available before 

entry into allY' sump, tank or ga91f1er,. 

Regulaticns regarding entry into sumps, 

vessels, gasifiers etc.must be adhered to. 

6.6 The person an standby where maintenan·~9 is 

being performed must be aware of safety 

precautiais written in the pertlit and must 

ensure that these are carried out. 

60 7 If safety preca1.1tians, written on a permit, 

are not strictly adhered to the standby 

person is to stop all work lliltil such time 

as they are. 

6.8 Protective clothing, as specified c~ the 

par!I!it, must be worn u.,til the work has been 

completed. 

7. Procedure in the event of a fire or gas em~rgency 

7.1 General 

7.1.l If a fire is discovered, inform the 

shift incharge and tr/ to contain the 

fire. 

7.1.2 The shift Coordi~ator or more senior 
• 

Official is to d.1sc11ss strategy. 

Request the ~se or special fire sUits 

to isolate eqllipment if necessary. 

7.1.3 The Shift 1ncharge or seni'r official 

will decide ~h1ch equipment is to be 

isolated. 
• •••• 7 •• 
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7.1.4 Persons not involved with the fire will 

remain in their positions (according to 

emergency procedures) and may only leave 

those positions on instructions from the 

shift coordinator or more senior officials. 

7.2 Fire tig~ting 

7.2.l Gas Fires 

a) Isolate equipment acd depressurise 

through the flare, and 1~ possible blow 

1l4trogen or steam through th~ ~elevant 

eq Uip:nent. 

b) Contain secondary fires with fire 

extinguishers or steam hoses and keep 

equipment cool ~ith water. 

!~!o2 Electrical Fires 

a) Attempt to stitich off electric motor 

and ask etectr1cal department to isolate~ 

b) Contain fire ~1th C°'G and dry powder 

extingbishsrs. I~ever use •.:ater o:- foa~ 

on an electrical fire. 

7.3 Gas E:lergencies 

7.3.1. iitlen a seri~us gas leak developes vhich can 
• be a danger to people, ftre hazard or 

explosive hazard, a Drager gas mask, which 

are situated in ~trategic p~sitions, must 

be worn. 

7.1.?.. Inform Shi!"t coordinator and other 

ii epa rtffient s. 

I 
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7.3.3. Proceed as laid down in the emergency 

procedures. 

70 3.4 Rescue ot persons who are trapped in dan

gerous or a"Wkward positions must be carried 

out by the rescue team. 

s. BY-LA:./S TO SA?ETY ::tE'JULATio:rs: 

Dangercus and hazardous materials which are handl~d in 

the gasification section or which arise fro~ problems 

in a1j oining sections. 

Action to be taken in the event of an emergenc7 and 

procedures to be followed in combating specitic emergencies. 

The following dangerous and hazardous material~ are 

handled in the gasification pl:int o~ can be present 

as a ~~sult of problems in adjoining plants. 

a) Ammonia (NH3) 

b) Carbon dioxide (C0
2

) 

c) Carbon monoxide (CO) 

d) Hy1rogen CH
2
) 

e) Hydrogen sulphide \~S) 

f) Nitrogen CN:a> 

g) oxygen co,; 
h) Raw gas 

0 

1) Hydrochloric acid (HCL) 

j) Potassiu.~ hydroxide (KOH) 

k) Hot vater and steam 

l) Gas liquor 

m) Lime 

••••• 9 •• 
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Coal dust 

Ta:- and oil 

Polyrad foam depressant 

• 



l Ammonia CNHJ> 

1.1 Characteristics 

This is a colourless gas with a sharp, pungent 

smell. It a.ffects the eyes and skin and can 

ca11se severe irritation even in small quantities. 

Under certain conditions a 1111.xture of ammonia 

and air is explosive (between 15 and 28% ::?"3 

in air)• 53 ppm is the lowest percentage 

whic:.~ can be detected by smell. A Drager tube 

detactor can be used to detect an ammonia con

centration of h15her than 100 ppm (0 ,01~. 

Note: Concentratiai above 100 ppm are dangerous, 

and above 5 000 ppm fatal, if inhaled for a few 

minutes. 

1.2 Treat:nent 

In the event of a person being overco~~ ~ 

ammonia gas he mu~t be removed to fre~h air 

immed1atelyo Apply artificial respiration and 

call for an ambulance. Keep the pa~ent ~armo 

2. Carbon dioxide (C0:2) 

2.1 Characteristics 

This is a colourl~sz, 3dourless, tasteless, and 

non-explosive gas which is h1a'11er than air, 

and is rou:id in the bottom of tanks, containers 

and sumps. In high concentrations it causes 

su!"focat1on followed by death. A gas mask should 

always be ~om when entering tanks etc ~hi~h ~ 

-1 



l 

I 

J 

/ 

I 

/2/ 

2.2 Treatment 

Remove the patient to fresh air immediately and 

apply artificial respiration. Use oxygen if 

necessary. Keep the patient •arm and call for 

- ian ambulance and medical help. 

3 Carbon monoxide (CO) 

3.1 Characteristics 

This is a highly poisonous gas, even in low con

centratio·1s. It is colourless, odourles~ and 

tasteless and is lighter than air. Sy~to~s or 

gassing are a pinki~h tinre to the skin, pink 

lips and a generally healthy appearance, headaches 

and a reeling of t•stlessness. The maximum 

acceptable ·~oncentration for an eight hour period 

is lXl ppm. The explosive range, when mixed 

with air, is 12,5-7,j,o~. 

Precautions 

Use a Drager CO detect or wte never it 1 s 

a) possuble t~at CO may be present. In the event 

or a positive result being obtained a gas 

mask must be ~sed immediately and notice~ 

posted. 
• 

b) a ga~ ma~k mu~t Al'l>rays ~e worn wh'3n tankc:; or 

ves~els are opened. 

3. 3 Treatment 

AS for :arbon Dioxide treatment 2.2 

••• 0 • 3 ••• 
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Hydrogen (P42) 

4.1 Charaeteristics 

This is the lightest known gas a!ld is highly combus

ti~le. It is colourless, odourless and not poison

ous. If unde~ pressure it becomes hot a~ the 

prei;s'..1:::-e i~ reduced. When !!lixed with air it ic:: 

highly explosive and it is difficult to see its 

flame d~rin~ day light. 

4.2 Pr-.?.calltion-; 

Leaks are to ~ reported. imrneiiiately ai1d a st~?..rn 

l•nce to be ~ireeted onto the leak Wltil repaired \ 

or isolated. 

5 Sulphuratad h/drogen (HzS) 

5.1 Character1st1~s 

This is a colourless gas with a small of rotte~ 

eggs. It is heavier than air, poi-;nous ann ex

plosive. !t affects the eyes and lungs and 

causes diaorea and itching • Symptoms o~ lo~ 

concen~rati:ms are; vomiting, swollen and watery 

eyes • The explosive p~rcentage, !Uixed with air 

is 4,3 to 45~ and th~ permissible concentration 
• over an eight hour period iq ~o ppc. 

5.?. Preca•.itions 

be present. 

• ••• 4 • •• 
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s. 3 Treatment 

Immediately remove the patient to fresh air an~ 

apply artificial respiraticn, or adm1n1stP.r 

ox:rgen. Call for an ambulance and medical 

assistance. 

6.1 Characteri sties 

6.2 

6ir3 

This is a colo~~less, odourles5, non-flarnnablP. 

gas and is lighter than air. When released 

it can thin the air to below the necessar:r 18~ 

oXj'gen content and thu~ cau~e ueath. 

Precautions 

a) A g~ s na~k must be ~om when enterins ~res~el s 

which have be~n purge~ with nit!'ogen. 

b) Keep away from vessels •Ji th open !".a n.~ol Pc: 

"When they are being purged \Ji th nitrogen. 

c) Post notices and fence off areas •#he!'e nitrogen 

is used to pllrge open vessels. 

Treatment 
• 

As !or sulphurated hydro:,an s. 3. 

••• s •••• 
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7. Oxygen (~) 

7.1 _ ChRracteri sties 

It is a eolourless, odourless and tasteles~ gas 

which con~titutes '201 of the earth's atomosphere. 

It is highly reactive and it therefore foblows 

tr..at materials such as oil, grease etc. can be 

1g!'lite1 at r~om tel!lperature, oY a sp.qrk. IF !He 

kn0~rn as an oxygen atmosphere. Pere:; on"" '·'ho a~e 

ex;ioc;eii. to ttis atmoc:phere cust keep a1.•ay from 

alt sources of i~n1tian. Thie:; condition also 

causes inert material~ such ac; c;teel and other 

meta 1 s to burn. 

7.2 )'recautions 

a) :'lESver !lse grease or labricants on any o"qge:'l 

valves or other eqllipment. 

b) When 'Worki .g with ozygen never wear clothir.g 

or wear ~lovec: ".Jhich aTo. oil or grease stained. 

c) OXjTgen, under pre~sure, must never be bloT.Jn off 

wiless an authorised permit has been 1s~11ed • 
• d) When OX:ff7:en valves are cp~ne'1 thi~ m11~t only be 

d OJ1e sl ovly. 

e) I~ the event of a r1re ic:;olate the o~gen im~e

diat~ll and quench th~ fire -with water. 

f) oxygen be.ck-pre~ sllre into a ga ~ line can ca r1~e 

an explosion - prevent tr.is. 

• •• 6 •• 
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7.3 Treet~ent 

a) Or/gen fires cause 3rd degree burns. 

Move the patient out of danger itnl!lediately. 

b) Do not attempt to remove patients 

clothing or apply any ointments. 

e) Call for an ambulance and medical a~~is-

tance. 

8 Raw Gas 

Thi~ ieo a 11i::;hly !n~lammabJe, poieono·.l,.. ;.-:as 

witt a very !?IC...rked s~ell. It contn!ns co
2

, 

CO, ~ and CH4 ~1th traces of ~:.il.ph~r, the 

last named being the scarce of the smell. 

Raw gas is ligl:ter than air and for~s an 

explosive mixtu!"e when mixed with air. 

8.2 Precautions 

As for C~, co, H
2

( 2.2.,3.2., 4.2) 

8.3 ~reatmer.t 

As for CC2, CC, 82 (2.3., 3.3., 4.3) 

9 HYdrochloric acid (RGL) 

9.l Characteristics 
• 

w1tr.. an i!'!'it::iting ~n:ell. It ca•.i.-e .. '·'o'.ln~l!l 

darnaF,t?. It givec; orr he!:!t 'Nhen m1X~'1 ·,:1th 

-watE-r. 

• ••••• 7 •• 
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9.2 precautior.s 

a) When handling hydroc~loric ae11 al-ways 

wear protective clothing, i.e. PVC shit, 

face shield, PVC gloves and g:l!Jl boots. 

b) Ir spilt use sUff1cient water to nush awa1. 

In the event of a large spillage first 

neutralise the HCl with lime and ase large 

volumes of water to wash away. 

9.3 Treatment 

Ir HCl is spilt onto the body first re~~ve 

all clothing and rinse the body witt plenty 

of water. 

Potas~ium hydroxide (KOH) 

10.l Characteristics 

In the solid form it. is crystallised• In the 

liquid fo~ and in a water solution it has an 

adverse effect on human limbs. It caases 

burn vounds , scarring and blindness, if 

splashed into the eyes. 

10.2 P~ecautions 

a) Use PVC gloves and safety goggles when 

hancling KOH. 
• b) prevent !pillage and wash a~y if thi~ 

occurs. 

10. 3 Tre::i tment 

~) In the event of calcium hydroxide ~eing 

spla~he~ ~er th~ cloth~~ an~ boc1 ~emove 

clothing ~nd va~h body with plenty of 
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b) Call for an ambulance and medical 

assistance. 

11 Ho~ Water 

11.1 Pre.cautions 

a) Use plastic containers when sampling hot 

water or condensate and ~ear glove$ and 

goggles. 

llo 2 Treatment 

a) Move the patient out of danger, call for an 

ambulance and medical as~i~tance. 

12 Polyrad roam 

12.l Characteristics 

This is a thick, syrupy, liquid which is dark 

brown in colour and is used for the chemical 

cleaning of equipm~mt. It is not poisonous but 

irritating when in the eyeso 

l2o ~ Precautions 

TJ~e PVC glove;; ~nil safety '1;og1".le-: •,•hen ~anr\ling 

thP- foam. 

12.3 Treatn:ent 

Wash the eyes and af~ected parts of thP. bod7 

with 1tr1ater as soon as p~ssible. 

13 Gas liquor 

13.l cnaracterist1cs 

Gas liquor contains ammonia and renols an~ is 

a ye,low liquid liit~ a sharp smell. It has an 

•••••• ? ••• 
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adverse effect on the skin and irritates 

the eyes. Fenols are qllickly absorbed 

through the skin. Symptoms ot poisoning 

are jerky breathing, 11stnessness, a feeling 

of lameness partial blindne3s and a heavi

ness or the eye lids. The maximum acceptable 

pheno~ concentration 1~ 5 ppm. 

13. 2 Precautions 

a) Wear a face shield and PVC gloves when 

sampling or har..dlin; g~ s 11q.i or. 

b) Have all leaks on valves, pipes and con

tainers repaired 1~JDed1ately. 

e) Rub "Barrier" cream on all exposed parts 

of the body before ha..11.dling gas 11cp or. 

13. 3 Treatment 

a) If a person is oveTcome by gas liquor 

rumes he must be ~emoved to fr~sh air 

and artir1. eial respiration applied. 

b) Call for an ambulance and medical 

e) Any ga~ liquor Yhich ha~ come into cont.net 

Yith th~ eyrH! 01' skin mu~t he ~.-as!ie"' a ..... a;t 
• 

with running water. 

• ••••••• 10 ••• 



I 

I 

/10/ 

14 Lime 

14.l Characteristics 

This is a White powder which when mixed with 

water forms an alkali solution. During the 

mi.xing, heat is generated. In the powder form 

term it causes 1rritatat1on to the skin, eyes 

and affects breathingo 

14.2 Precautions 

Use gloves, safety goggles and a nose mask when 

handling lime. 

14. 3 Treatment 

Ir the eyes or any part of the body are effected 

wash off With runnin~ water. 

15 Coal du~t 

l5ol Characteristics 

COal dust causes irritati.on to the eyes and can 

permanentl1 damage the cornea of the ~ye. It 

will burn and is e:xplesive when well Id.xed with 

;\ir , for eample 1n an empty vessel. 

15. 2 Treatment 

Wash t.1e eyes with running water • 

• 
16 Tar and oil 

16.1 Characteristics 

Tar is a black, course li~Uid wnen above mel

ting temperature and is heavier than water.. 

• Oil is A brovn, smooth l1q 111d which floats 

on ~ater. Tlily contai~ phnols and a:mn~,ia • 

••••• 11 •• 
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Pre ca ut1 on s 

a) Ensnre that tar and oil does not eome in 

contact with the slcin. 

b) When handling these products wear PVC 

gloves and safety goggles. Do not wear 

leather gloves as they becoce saturated 

with the product. 

c) Do not inhale tar or oil fumeso 

160 3 Treatment 

;.,.hen tar or oil come in contact •~th skin 

or eyes they cause irritation. "ash 

1mmad1~tel7 with ru..'1?11ng water~ 

••••••• 
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