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Daily Reports




Oct. 18, 1983

Oct. 19, 1983

Arrival of Dr. Gummel in Hyderabad. After
visit to plant started commissioning of plant
based on extended RRIH/LURGI PI-DIAGRAM. A

complete check of process and utilities line will

. be finished this week and will be commented and

completed with a P & I brought to 'as build’
conditions. Lists of alarm-end SV-settings
are in progress. Start up of steam plant to
heat up H.P steam heacér is planned for end of

next week followed by S/U of O2-plant.

Discussion on P &IScheme of Unit 400

Comment: Some modifications to be done after

general plant shut down.

A. HP & 1P Steam lines:

1. To separate the drain lines from %HB and
gesifier jacket;
2. To incorporate PIACO in the P & I scheme.

(oxygen shut off bty low steam pressure) .

3. To instal a by pass line at steam isolation
valve for the use of initial start up anc to
have a constant minimum flow of steam curing

start up. RRL provide later.

4, To remove the insulation from valve DH 414 in

order to change the position of €igure 2 blind.




5.

6.

8.

1.

2.

3.

To indicate correctly in the P & 1 scheme the
position of pressure gauge in HP steam heacer

between jacket and flange steam connections.

-

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

Comment: Ref: Cooling water for flushing
condensate line.

To tighten up or remove the pressure gauge

fixed on duplex pump G 444,

To fix the blind in oxygen line at F OOl as

soon as the pneumatic’ tests are over.

To change the position of oxygen line leading
to mixing tube F 407 before start up. The
oxygen line may be installed above the HP
steam line or at least from the side of it.

Comment: Oz-line enters from bottom. Deposition
of tar condensation is possible.

To be discussed: (1) Cleaning permenently
before s/U (2) Steam and O,-line
through hose connection.

HP & 1P Feed Water lines:

To prepare a list of all instrument slarms
and safety velves, their set points and their
testing accorcing to IBR.

All non-return valves are to be checked for the

direction of flow.

To set the pressure of feed water tank at

0.4 kgﬂ:m2 (ceuge) .




Oct. 20, 1983

4. To discuss the possibility of disconnecting
HP feed water line permsnently leading to waste
heat boiler and after cooler. The connection

between gas liquor injection pipe and H.P.
BFW will be used only as standby. Connection
from BF¥-supply to after cooler is blinded.

5. To fiad the velocity of crude gas coming out
of after cooler E 437 in order to check up
the size of the pipe line. O0.K. appr. 12 m/sec.

C. Liguor, oil and gas lines:

1. Raw gas safety valve on KHB to be provided on
the high pressure side with H.P. SIM nurge.

2. To remove the wheel of valve GR 411 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 AP (Max)= 2.5 bar.

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

5. The cosl lock gas inlet valve to be raisecd a
little for operational convenience.

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

Comments/recommendations made by Dr, Gummel
during disciw'ssions on  20,10.1983

In continuation of discussions of 19 October, 1983
the P & I scheme of the section 800 (TANK FAFM)
was discussed and inspected,

1. Installation of flow orifices in Tar line/Gas
liquor lines in order to avoid errosion

problems due to pressure release in the
expansion vessels., To be provided lster if
necesssry,




Oct. 21, 1983

2.

3.

5.

4

Provision of a hose connection below the tanks
F 811, F 812 and F 814 for flushing drain ives
and down stream transport,

To check the area for the disposal of the drains
from F 811, F 812 and F 2l4.

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 H25°

The control panel was also inspected.

Following pre-commissioning tests were done:

5.1 The high pressure gas ligquor 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.

Comment: 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 recirculation pump was started

and operated.

Comment: The local level indicator gauge position

of WHB may be chenged to a place below
where the operztor can see anc regulate
the manual control.

5.4 Boiler feed water pump was started ana the

1.

gasifier jacket was filled to the reguired
level with B.F.waters

written procedure for the estimation of O, Co,

from the exit gas from gasifier to be made.

-’

o




2.

3.

4,

6.

7.

8.

9.

-

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

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

Gasifier is taken to a press of 7 bar and level
controllers of After coolex, 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-

. 1lers range was adjusted for 40 and 60%. The

operation of ash grete and W.H.B. recirculation
pump were checked under pressure.

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

The 1list of safety valves in gasification section
was made ana their set blow off pressure noted.

The log-sheet prepared earlier by FhL for shift
operation record was discussed.

The operation philosophy of the ash lock
chamber was explained.

The following programme of work was planned for
next Monday.

9.1 Prcvision of high pressure steam to heat up

the feed water and gasifier jacket water and
check the operation of level controller.

9.2 Operation of the ash lock to be demonstrated

and training of gerators.

9.3 The philosochy of opergtion of coal lock is

to be explainec and training of operators.
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@ oct. 24, 1983 Arrivel of Mr. Kuepfer in Hydersbad.

Oct. 25, 1983

1.

2.

1.

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

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

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

and non return valve with CTC.

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

All cdrains at different levels of the plant to
be diverted to an outside area:
Steam vents

Level controls
Safety valves outlets.

The level gauges are to be cleaned.

Indicator for steam drum level and crude gsas
pressure are not connected to the control room.
The PV nuts are to be replaced with brass nuts.
This must be taken up at the earliest.

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

To remove air bypass line connecting air
compressor and oxygen compressor for safetly
reasons. A separate air line from air
compressor is to be laid from air compressor to
the mixing tube.

All steam traps to be chRecked for their operation
L J

(HP & 1P).

The flange connection before heating cecil to
ash lock to be tightened.

— e




Oct. 26, 1983

10.

11,

-

Zero points on 02 and steam lines to be checked

with actual signals at flow levels. Zero check

can be done by instruments people with pressure
equalatior line.

To prepare correction charts for air and oxygen
and steam.

level indicator 4403 (W.H.Boiler) is indicating
10% error in control room. Local indicator is
indicating correctly.

Gas liquor recirculation pump m2y be provided
with an Amper meter (preferably in control rocm) .

New orifice plates to be placed in gas liquor
injection lines to restrict and adjust the flow
into "HB and after cooler. A

P 4108 on the gas ligquor recirculatien pump
to be rotated by 180° so that it is visible from
steam header.

To provide a parallel pressure gauge indicating
gasifier pressure at coal lock and ash lock.

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

Programme for October 26, 1985

1.
2.
3.

1.

H.P. and L.P. steam to be made &vailable.
Repeat operation of ash lock with other.
Cperation of coal lock to be demonstrated.

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

Festriction orifice to be provided in crude gas
pressurising line to coal lock. Orifice dis
mey be 3mm/4mm. This orifice may be provided
in valve GS 431.
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‘ 3. Standby power to be provided for: (extended by
note 27 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. RRL provide later.

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

Programme for October 27, 1983

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

2. Support or propping tothe ash lock lever,
3. Jacket water level controller to be tested agein.
Oct. 27, 1983 1. Accessability to the gas liquor injection valves
to be provided on WHB and after cooler.

2. Provide valve in the condensate line goina into
the gas liguor tank (Normally closed).
3. Standby diesel power to be provided.

HP feed water pump,
Gas liguor recirculation pﬁmp,

' ‘ High pressure gas liquor injection pumps,
Lights and (v) pannel board.

4, Gas liguor tank to be proviced with level
incicators like dip~stick/floating stick.

5. hoditional support to be providea for steam line,

6. Multipoint temperature recorder 42C1 to be
checked. ¢

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




8.
9.

10.

11.

12,

Pr

9

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

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

Provision of drain lines to the impulse lines
from the coal lock and gasifier, RRL will
provide later steam purge.

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

Provide a bypass to the overflow line of
expansion vessel.

ogramme for October Zg, 1983

1.

2.
3.

Repeat of training of operation in case of
power failure.

Supports for ash lock bottom & top cone levers.

Checking the function of solenoid valve.




Oct. 3, 1983

Nov. 1, 1783

Nov. 2, 1983

Nov. 3, 1983

1.

. Charts for flow of O

10

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

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

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

. Mass flow of 02, 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. !

High presmsure 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.

Gas sampling lines and collection of samples
were tested.

Heating of feed water tank with HP steam uas
sterted at 10.30 ~.M, operation of gasifier
at 10 bar tried.

Working of instruments checked,

y 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,

Operation of boiler at 20 bar and take meximum
output of steam and operate gasifier at 10 ber
and check its working of all instruments
especiaily steam flow. Air flow znd fir Oxygen
Cut off if steam fails, was tried.




Nov. 7, 1983

Nov., 8, 1983

Nov. 9, 1983

_1l.

1.

3.

11

. Time required to heat up coal to the ignition

temperature using H.P. steam.

Collection of coal sample (from boiler feed)
for analysis

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

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.

The gasifier and jacket were steam heated.

The gasifier was stoppea for mesintenence, as
there was a minor lezkage in boiler and steam
was not available.

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

. As there was no steam available, the drain pipe

on the boiler was rearranged for controlling
the HP steam supply to gaesification unit.

The checklist for the start up of gasifier was
discussed.

The boiler was started.
The oxygen cut out for low stesm pressures
was checked; the response appeared to be slovi.

Three coal locks full of coal was charged inte
the gasifier. It was heatéd with steam and
ignited by admission of eair and steam. The CO,

and 02 content in gas were estimated.

The gasifier was emptied anc the coal discharged
was observed.




Nov. 10, 1983

Nov. 11, 1983

Nov. 14, 1983

1.

2.

1.

2.

l.

3.

12

The gasiiier was charged with fresh coal and
using superheated steam and air. Temperature
of gasifier outlet, CO2 and 02 content of exit

gas were cbserved. At CO, levels of 18-20% and

oxygen less than 0.4%. Filling of the gasifier
with coal was started.

Difficulty was experienced in charging coal to
gesifier 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.

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

The gasifier was shut down due to lack of steam
under pressure.

With 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 CO2 and U, contents of exit gas. However

the gasifier system was depressurised due to
non-availabiiity of steam.-

The gasifier was shut down for maintenance.

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

The gasifier was filled with coal and operation
of gasifier was continued at 5 bar. After the
stsbilisation of the plant the flare stack was
lighted. The gas was burning with a blue flame.

Operation of the plant at 5 bar was continued.




Nov. 15, 1983

Nov. 16, 1983

Nov. 17, 1983

Nov. 18, 1983

13

After 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
recirculstion pump was leaking. By isoléting
the pump from the circuit and adjusting the gas
outlet temperature through regulation of high
pressure liguor 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
depressurised and the packing replacec. The
gasifier was ag:in brought back to a rressure of
5 bar and operated.

1. Due to fluctuation in voltege the motoer of the
forced draught fan coil got burnt. The motor
was Teolaced and fan again started (Boiler house) .

2. There was power shut down, from 8.45 A.M. to
11.3C P.M.

3. The plant was started again and gasifier operated
at 10 bar.

1. The plant was continuously operztec st a
pressure of 10 h2r anc the personnel were
trained.

2. Operational conditions were adjustea so that no
clinker formation in the ash was observec.
.
1. The plant operation wes continued at 10 bar with
air and steam.

2. The operating pressure was increased to 15 bar.




Nov. 19, 1983

Nov. 21, 1983

Nov. 22, 1983

14

The plant was operated for 24 hours at 13 bar
with air and steam.

ArTangements were made to switch over to
oxygen but this corld not be done due to
unexpected trouble in the expansion turbine
of the oxygen plant.

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

At 4,30 F.M. the plant was tazken for a shut
down for meintenance works.

There was power tripping off from APSZP 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 availaple
from 4 P.M.

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

From zbout 4.30 P.M. the plant was started end
operated on air-steam at 10 bar. Operation
was continued overnight.

The operation of the gasifier overnight at

10 ber with air and steam was continued. It
was considered to operate the plant at 15 ber
for a period 7 to 8 hours before oxygen was
admitted.

At about 4 P.M. oxygen was acmitted 2t gasifier
pressure of 5 ber and oxygen ste:zm cperation was
continued for 4 hours.

The gasifier wes brought back to air-steam
operstion and operatec overnight at 1% ber,




Nov. 23, 1983

Nov. 24, 1923

1.

4.

1.

15

The gasifier operating at 15 bar on air +
steam was brought down to 5 bar and oxygen
wads admitted at 10.30 A.M.

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

When the pressure was increcsec to 12 bar,
water hammering was observea in the line from
steam injection coocler, stesm collection drum
ard feed water tank.

Feed water pump was not able to pump water to
steam collection drum as well as boiler at the
desired pressure,

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

The gasifier was maintained overnicht on
air-steam gasification,

The feed water tank operating conditions were
examinec and set for a temp of 1CC-1C5%C and
0.2 ber.

The gasifier was switchea over to oxygen steam
operaticn end at 12 bar attempts were mace to
regulcte the steam collection drum pressure,
and water level and also the feed water tank
conaitions.

when the level in feed water tank was maintained
feed water to boiler was not sufficient and
pressure went down.

The motor of ash discharge grate of the gasifier
tripped and no ash wes gbming out. The plant was
depressurised anc switched over to air steam and
shut down,

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




Nov. 25, 1982

. Nov. 27, 1983

Nov. 28, 198G

2.

Nov. 29, 1983 1.

16

Small quantity of clinkers were observea during
the discharge of ash.

The grate was operated and ash continuously
dischargec till all the ash was dischérgec &nd
coal sterted coming out.

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

The plant was tzken for remaining maintenance
work.

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

The plant was brought on to oxygen steam operstion
using the usual procedure and pressure brought up
to 12 bar and operated at 12-13 bar.

Difficulty was eaperienced in supply ot water to "
steam injection cocoler~steam collection drum &nd

waste heat boiler circuit as well as feec water

to the boiler.
érum coulcd not be maintainec.

The level in the steam collection
V‘:hen more water
was supplied to the steam collection drum, the
boiler feed water was getting effected.

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

The plant was operstec again on oxygen + .
steam from 1C7° am to 115 pm. It was cbserved
that the gland packing of the valve for the low
pressure stesm from the steem injection cooler
y The
The
H.F. feed water was not able to be pumpec even

was badly leaking and neecs reolacement.
coal lock top cone was also found leaking.

though H.F. feec water pump steam criven cuplex
pump were operzted.

The plant was shut down for the above works and
the works were completed.




‘ Nov. 30, 1983

Dec. 1, 1983

Dec. 2, 1983

Dec. 3, 1983

17

1. 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.

The problem of supply of necessary water to maintain
the level in steam collection drum st pressures
higher than 12 bar 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 operzted 2t 10 to 12 bar and
attempts were made to maintain the system.

2. The maintenance of water level in the steam
collection drum and supply of water to the circuit -
steam injection cooler - steém collection drum
and waste heat boiler - was not possible even
with this New lP-weter supply system.

1. The plant was operated with oxygen and steam
at 10 bar.

2. The feed water was supplied throucgh the BFW
level controller as well as by pass line but the
level coulc not be maintained.

3, The inlet pressure of water at the L.F. feed
water pump and at the level controller was
checked. AAP of 4 to 5 bar was mainteined and
water supplied. But the level could not be
meintained.

1. A separate connection for feeding water directly
into the steam collection drum wes made remcving
the level controller and the flow controller from

the circuit. Feed water was supplied to the
steam collection drum directly and water 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 minutes, sleacily controlling thke CO2

and O, conient in the crude gas. At 20 bar the

2
bolts of the gasifier top were tightened and
the piant was ooserved for any leskages. The
system wes found to be in crder. It was
méintained at that pressure for 45 minutes.

The plant was taken for a shut down for maintenance

works.




Dec. 5, 1983

Dec. 6, 1983

19

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) Precsutions to be taken before entering the
gasifier after blinds are installed.

(f) Preparation and removal of blinds from a gasifier
after an intermal inspection or 2 mejor
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 between feed water to steam

injection cooler and steam collection drum were
started,

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:

(1) Heeting up the gasifier, (ii) Start up with air,
(iii) switching over to oxygen,(iv) control of CC,
and O2 in crude gas.(v) Control of temperatures.

(vi) Increasing and decreasing of gasifier loed and
pressure.(vii) Preparation of gasifier for stert up,
(viii) Prepautions, safety etc. (ix) Foutine
maéintenance.




Dec. 7, 1983

Dec.

Dec.

Dec,

Dec.

8, 1983

9, 1983

1~, 1983

128 13
1983

14, 1683

20

The gasifier was started with air-steam operation

and after ® 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 meintdined.

The load was increased to 68% (about 1000 mN 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 RRI-H staff.

The »lant was taken over for operation by ER1~-H

and the operation was switched over to oxygen steam
at 10 nours. Following the usual procedulés

the pressure was brought up to 21 bar at l4hﬁ hours.
The plant was operated al this pressure and at

85% to 90% load.

The pressure was brought up to 24 bar at 5.30 hrs.
and operated at that pressure. The load was
maigtained and some times increased stagewise up to
95%. The CO, content of crude gas was regulated

between 29 to 31% and the oxygen less than 0.8 to
1.0% but mean value wes 0.3 to 0.4%. At about 11
the gland packings in the ash -lock top cone and

5]

at the grate were found leaking. The gasifier
pressure was brought down by depressurising following
normal procedures.

The gasifier was shut down for replacement of gland
packings and other maintenance worked. The ash
was cischarged anc ash lock and grate were operated
£ill coal came out and the gasifier wes locked.

The functiening ef different equipment in the casifi-
catien section and gas liguor seperation sectien were
diescussed with the operational staff. Precautions to
be taken and eperation ef different controls were alse
discussed. The safety aspects in the operztion of the
plant were generally explainea,

Departure from Hyderabad.




2) Piping and Instrumentation drawing

(As Build Status)




1.

2.

3.

4.
5.
6.
7.
8.
9.

3) .List of orifices with details

D.P. range

Design press/
Working press

Design temp./
Working temp.

Max. Rate
Normal Rate
(a/)?

a
Co.efiiciedy

Flange to flange
distance

FRC 4301

Steam

4900 mmwel
34/31

400/350

1700 kg/h
1500 kg/h
0.5095
30,767
0.7136
65 mm

FRRC
4302/1

O,
2500 mm wel
31/30

+50/+40

250 NM3/m
230 NM°/h
0.2807
13.246
0.6453

900 mm

FR 4303/1
Crude gas

2500 mm wel
31/23.4

+60/+40

1650 NM°/h
1050 NM>/m
0.2416
26.780
0.6314

65 mm




5) SAFBTY VALVE LISTING

DNIT 400
Valve Ko.
) 8.V. 431
‘ 2&‘ 8.V. 435
3.' SOV. 441
4, S.V, 444
54 8.V, 448
6e 8.V ,Discharge
side

Location
Waste Heat Boiler
Steam drun

Feed Water Tgnk
Steam pump discharge
line

Instrunent-Air Recelver

Oxygen compressor

COAL Divn
RRLH: 21.10.196

Set Pressure
3¢4 bar

0e34 bar
Hold Oe4

4.0 bar
Hold 400

1440 bar

35 bar




Coal Divn

RRLH: 21.,10,1983

Instrument Alarm List

— — — —— o - e - - -

1, Oxygen pressure alarm high and low
PRA-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 bar

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

Operating Pressures

Gasifier - O.P, 24 bar
Gasifier - design pressures 30 bar
Oxygen-Header 0.P, 29 bar
Steam header O.P. 30 bar
Low Pressure Stean 0.P, 2.3 bar

(140 © ¢)
Instrument Air 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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Recording charts
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9) Coal Properties

1) Type of coal
Coal is received from GODAVAR/KHANI area of thea
Godaveri Valley Coal fields.

2) Size of coal

>25 mm 2,9 %

25 to 13 mm 53.5 %

13 to 6 mm 34.3 3%

<6 mm 9.3 %

I Total 100.0 3

3) Bulk density 773 kg/m3

4) Proximate analysis

Ash 26.3 %
Moisture 5.2 %
Volatile matter 27.3 3
Fixed Carbon 41.2 %

5) Grayting analysis for 100 ¢ dry coal

Coke 77.87 %
Tar 6.48 3%
. Gas liquor 7.49 3
Gas 8.26 3 (0.00833 m>n)

6) Elementar Analysis

53.8
3.53
9.68
1.18
0.32 %
Moisture 5.16 %
Ash 26,33 %

_

OB W

n L O T 0O
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7)

8)

Fusion point {mildy reducing atmosphere)

Initial deformation

Hemispherical point

Flow point

Ash compositicn
Si0y

Fe203

CAOQ
MgO

loss on ignition
Potassium (as K20)

Sulphur (es SO,)

3

1275
1345
1400

wt%
54,63
25.03

9.93

6.12

nil
0.53
0.44

2.97




10)

10.1)

SASIFICATION

Description

The object of this Chapter is to familiarise you
\dgh the fellovinp

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)

What & gasifier consists of

The purpose of each part of a gasifier

HOw jacket steam 1s formed

The purpose of jacket feed water

The description of the grate

The purpose of the grate

The gasifying of coal

The gasifying process

The purpose and working of the wash cocler
The purpose and workinc of the waste heat boller
S8afety valves on the waste heat boller drum
Flovs, levels and pressures in a gasifier
Manualy ocperated valves an a gasifier

General.




ihe Gmslfisr

The gasifier consists of an inner and an cuter shell,
the space between them being called the jacket.

The gasifier has two flanges on oo:h ends ; cné at
the top through which coal is fed from the coal lock
into the gasifier and the other at the bottom through
vhich ash is turned out by the grate into the ash lock,

Ihe Inner Shell

The inner shell can withstand a maximum pressure of
2,5 bar, If the pressure is too high the shell can

fracture,

h e C)

The outer shell is designed to withstand the totsl
pressure of 0 har. the outer shell is insulated

with glass vool to prevent heat lose and for personnel

protection,

Jacket

Phis is a space between the tvo shells, This space
1g filled with high pressure feed vater at 33 tar
from the high pressure pump and the level is controlled

by a controller and control valve, The heat trans-
mitted by the inner shell is sbsorded by the vater,
thus keeping the shells cool. ghould the level in
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the jacket %8 lost the shells will be overheated.
The gasifier has to be shut down immedigtely to
avold that,

Due to the heat transmitted by the inner shell the
vater bolls and gives off steam, This is called

Jacket stean,
dacket Steamg

The temperaturs of jacket steam is determined hy

the gasifier pressure, The pressure in the
jacket 1s close to the pressure of the gasifier,

The jacket steam flows into the wash cooler., A safety
valve fitted to the wash cooler at rav-gas flow side
will open if the pressure exceeds 27 bar,

facket Feed Water

The jacket 1level is maintalned by a controller and
control valve, This is also fitted with a Dy-pass

line and valve to enable ths level to be maintained
manually in the event of the contreller being inope-

rable,

Ibe Gegifier Grate

Without the grate it wvould not be possidle to operute
the gasifier, It is therefore important to know how

the grate fits into the process and hov it vorks,
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Descrintian

The grate is fitted into the bottom cf the gasifier,
Ig_ i3 round and is made of_ tvo shells which are
fitted together. These layers form a cone and have
holes through which the gasifying agent flows. Onpe
opening 1s providsed in the outer ring sf the grate
to turn oat the ash into the ash lock. The grate
is driven by a motor, whose speed can be adjusted
and controlled,

Enrpose

The rotating grate is used to control the ash bed.

A vell formed ash ded 13 very necessary and as the
grate turns the gasifying agent is evenly distriduted,
enguring even burning in the axidation zane, The
grate a2l=o keeps the firebed moving so as to prevent
the {ormation of chanmmels, Thes? are usually formed
vhen the grate has been stationary for leng periods,

gkirt in the Gasifier

8ituated at the top of the gasifier is a skirt which
prevents carry over of fine coel vith the rav gas,
This prevents blockages vhich cause production loss,

The Gagifring of Coal
Csel is burned under cantrolled pressures and

texperatures to produce gas for later use, Other

products are tar, ammonia, oll, phenocls etc,.

...4..




The Gasifving process - Ccmbustion Zone

A continuous gasifying process takes place when 99 %
pure oxvgen from the oxygen plant and high pressure
steam from the steam boiler are sent into the gasifier.
The oxvgen and high pressure steam are first mixed

and forced into the gasifier, under the grate. This 1is
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 temperature in the combustion zone.

Heat and temperature play ar important role in the
combustion zone. When the temperature rises, due to
unsufficient high pressure steam supply the COj decreases
while the CO-content increases. This can cause problems,
including the formation of clinkers. By adding more

steam the CO, percentage will rise. If the supply cof nigh
pressure steam 1s too high, the temperature in the Combusticn
zone drops and the COp percentage will rise too high. If
this occurs oxygen reaction can ve 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

temperatuce will rise, COj will drop,
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and the oxidation some vill again rdact narmally.
If either of the sbove problems occur regular CO,
analyses mist be performed,

Minimum CO» Percamtags

The lowest allowabdle coz percentaze is 27.5 ( this
ma7 Vary with -Zhe tvpe of ccal, If the porcoﬁ-
tage drops lover than this, thig is the indiecation
that the temperature in the oxidation zone has risen,
Add steam and do a 002 anglysis during the foilowing

15 minutes (2t least 3 analvsis):

Naximun CO, percentaga

It sometimes happens that the CO, percentage 1s too
high, possibly as much as 32%. This can be caused by
a loss af heat in the Combustion zone. IN normal

circuszstances ve would cut back an the steam flov,

I1f the CO, percentage contirues to rise the gasifier
has to be shutdown, depressuriged, and brought back
into commission as normal., When a gasifier is changed
from air toeygen it can kappen that the COp can be
as high as 456, A series of quick anslysés mast be
done and if the percentage does not drop quickly it
vill indicate that the firebed is not burning, the

oxygem is not taking part in any reaction, and ~ne

gasifier must be shut down immediately.
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Shart Descxivtiaon of the Yarious Zones

1) Ash Zones This is the dottom zane in the gasifier .
I¢ 18 important that this 13 well formed
thug assisting even digtribution of the
pasifying agent.

2) caomduation Zones

It has been stated that high pressure steam
is used for no purpose other than to control
the temperature in thd oxidation zone. With
wpward flow CO>, CC and Hydrogen and high
pressure steanm, it magkes coatact with hot
ccal in this zone, Chemical reactions

take place and hydrogen and carbon dioxide

are {ormed,

3) of C withs

a) High pressure steaRs -

Hzo e C = 52 +C0
b) Car=>on Dioxide
0024’6 = 2C0

c) Hydrogen skift resetion

B0 + 00 = By 0

2, A daceomposition af. steun (of about 35% te
40%) of the steas takes place,

4) ned:iction Zone

.-
2h¢£Cmpos1tian of steam 1s stopped,
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The coal is hea-ed up by the wpvard
flow of the hot gas and tar 1s cracked
te lighter oails,

Methane is formed here vhen the tempera-
ture 13 lower than 1100°C .

04'282-034

8§, Cevolatilisaticn Zone:

In this sone all the volatiles (tar,
eil, wvater) are removed from the coal. \
These volatiles pass out of the gasifier *
with the rav gase ,

Gasifier - Gus ogilet

Wth the high gas loads it happens that coal dust and
even sometimes coal vill be forced out of the gasifier
with the rav gas, This can caidso bloeckaged. A manually
' operated scraper is fitted to keeép the gas outlet clean
and is to be operated every twvo hours. Rqv gas leaves

the gsirier, normally, at 300 °c.

Xhe ¥Washeooler

the wash cooler is coapled to the gas outlet and it is
here vhere the gas is washed and partially cocled by gas
11quor which is injected into the top of the cooler,
Thig gas liquor is pumped by the wash cooler eirculation
' pump vhich gets its suetion from the waste heat boiler sump,
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A second gas liquor line, from the s liquor separation
plant, is also connected to the wash cooler supplying

a cgntinnons flov, Thig is to ensure [as liquor supply
to vash cooler vhen wash cooler pump falls.

Zhe Wagte Heat Boller

This is a tube cooler vhere the rav gas passes through
the tubes vhich are surrounded by boiler feed wvater
with ‘05 °c. As the gas passes through the tubes the
vater is heated and stean is formed ., Tha water
1evel 13 controlled by a controller and control valve
at the L.P, stesm drum. The lov pressurs steam is
supplied to the L.P, stean header and to the B.F. VW,

heating system also to gas cleaning and tank Zarn

sections.
The condensable matter in the gas are cooled and

forms gas liquor vhich Ilovs to the bottom of the WHB
together with the gas liquor from the vash cooler.

A certain amount of this gas liquer 1s circulated by
the wash ceoler pump. the level of the WHB sump is
eontrolled by a level controller. The heavy

gas liquor is routed to the expansion drum located

in the gas liguor separatiom Plant., The rav gas flovs
from the top of the WEB to the afte:cooler.

me

Lov pressure steam has a pressure of 2.c bar lzazzel .
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ORe safety valve ig connected to the steam drum. It

will open at 3.4 b&r (gauge). If this opens the process-
eoordinator is to be informed, The feedwater level is to
be checked as it 1s possible that vater has been earried
over, The opening of the safety valve can be eaused by
a tube rupture in the WHB, If this occurs shut down
gasifier immedigtely.

‘ ) 4 on the ¢iar Pane
The following flovs ars seen on the panels

1) Ogxvgen and start up air,

2) High prassare *-8tasl:
3) Baw Gag Plow

Pressuzesg on the Zasifier Pazel

1) Sasifier pressure;
2) Oxygen header press ure

‘ 3) n 3 ]

Levels on the Gpeifler Panel

1) Jacket Level
2) MEB Gag liquer sump levelt
3)' (] le iigu aen *18ve

41 Stean drum level

Flow of Oxygen and HP Stogm

1) Qxigens Tbis comes from the oxygen Plant and flovs

00..0.!100
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through a isolation valve, control valve, meashuring
orifice, manual’ control valve, non~-return valve

into the mixing vessel and gasifier,

2) HEP Steam flowvs from the steam boiler through isola-

tion valve, control valve, measuring orifice, manual

control valve, non-return valve into the mixing tube
and gasifier,
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10.2 Gasifier overation instructions

The object of this chapter is to familiarise you with

the following:

1) All temperature points on & gasifier
2) The operzting temperstures

3) The description of temperatures

4) Guide lines for temperature control
5) Guice lines for flow control

6) Guice lines for pressure control

. 7) Guide lines for level control




9.

10.2.1.1

10.2.1.2

10,2,13

TRl

TR3
TF.4

Gasifier operetions

Introduction

The gasifying of coal with oxygen and HP steam uncer high
pressures and temperatures is a chemical process. A gasifier
is designec to operate with maximum safety and various

safety devices have been igcluded. If operating instructions
are followed 2 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 will then

mix with the raw gas to form a highly explcsive mixture.
1f temperatures are not controlled it will lead to equipment

damage.

Control of a Gasifier

The most important points to watch an operating gasifier
are temperatures,grate speed and CO2 analyses of procduced
gas. Other ccntrol pcints are pressure anc level readings,
coal &znd gas anelyses, 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,

Temperatures

Temperstures are measured at seven points and are recorded.

These points are as follows:

Oxygen
Agent
Ash lock

Gas outlet on gasifier
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Crude gas to aftercooler

H.P.steam to mixing tube

Gasifier top temperature

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 description of each of these points

and their effect on the gasifier follows:

The agent temperatures - TRZ

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

100 °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
£low and the oxygen concentration will therefore
increase. If this occurs, the possibility will
exist that clinker formation will begin and an
oxyger channeling may occur. This can lead to an
explosive situation. Any drop in the agent tempera-=

ture must be immediately investigated and if

necessary the gasifier has to be shut down.
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Guide lines for the control

of Gasifier Temperatures

1) Agent temp.
rises.

2) Agent temp.
drops

3) Agent temp.
rises and

. drops

Steam flow incresses
or oxygen flow drops

Steam flow drops or
oxygen £low increases

High or low HP steam
temperez ture

a) Check steam/oxygen ratio

b) Check steam impulse lines
for blockages

c) If necessary change to
ménual control and set
steam and Oﬁggen by
controlling 5

d) Bave thermocouple checked.

a) Check steam/oxygen ratio

b) Check steam impulse lires
for blockages

¢) If necessary change to
ménual control and set
steam and oxygen by
controlling O2

d) Have thermocouple checkec.

Do CO2 analysis end adjust

oxygen/steam ratio when
necessary




10.2.1.3.2

The Ash Lock Tempn.- TR3

The ash lock temperature indicates the level of the
ash bed and should be maintained between 280 °¢ and

330 °c. This temperature will normally f£luctuate
according to the grate speed and the frequency at
which ash is drawn. Too high temp. hcwever can cause
damage to the grate and ash lock internals.

The grate speed and thus the speed at which ash 1is
+urned 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 tne
gasifier. The agent distribution tends for channeling
if the ash is too coarse (too much clinker). Tco much
fine ash also has an effect on the efficiency of the

gasifier, If this 1is too fine the whole bed can be

lifted by the agent.




lock temperature begins to drop ( TR3 )

L . — .  —————— . —_———— . — - — — - - . T - P — - ——— - - - — - S —— - - -

Grate stops ag

No electric current
Ash lock temp.
drops sharply.

Start grate again

Grate turns for a)
too long against

Electric current
much higher than

" Stop grate

a closed top normal
cone. b) Ash lock temp. drops Operate the top cone
sharply. a few times.
' c) Top cone in the closed Start the grate and
position watch current.
\
Grate jammed a) Currert high Increase steam/oxygen
becaase of ratio
clinkers b) Grate stops or slips Decrease load
c) Ash lock temp. drops Check instruments
d) Clinkers in the ash Stop grate and start
again
e) CO, in raw gas lower If grate will still not
than normal start shut down
T gasifier.
f) Channeling has begun
and C0, is lower than
normal
g) Steam/gxygen ratio
. feulty.
Grate jammed a) Ash lock temp. drops Stop grate
due to overfull
ash lock b) current higher than Reduce load
normal
c) Periods between de- Blow steam into ash
ashing too long lock and attempt
closing top closure
d) Ash lock top cone by opening and closing
not operating
* After de-asning - open
and close top cone
until operazing

normally.,
Stop grate.
If above procedure 1is

not successful
depressurize gasifier,




CAUSES SYMPTOMS ACTIONS
Agent flows a) Sudden increase in Stop depressurising
into ash lock temperature ash lock
b) Gas production Flush with steam by
drops pressurising.
c) Can occur only Close the top cone

during de-ashing . .
g BeE Once the =Zop ccne Ras

d) Top cone not sealed deprassurise
properly closed once again.
e) Ash lock being
. depressurised.

N.B. This situation
is extremely dangerous

Channelling a) Ash lock and gas Reduce gas lcad
in a gasifier outlet temps. change

) Increase steam ‘cxvcen
simultaneously. : I

ratio »y 1increasing
b) Temperatures, jacket stean
steam. RRL to provide

Check for fines in
flow measurement

later and gas proc- raw coas
duction become un- Check feed water level
stable. Do CO, and oxygen

. analy$es

¢) Clinker formation

. Check instrumentation
d) CO, waries Serd

2 _
. Increase grate spead

(D
o

If the above do no
help shut down cas

prl

-
ifier
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The gas outlet temperature - TR4

The gas outlet temperature plays an important part in
determining the state of the ash bed in the gasifier.
If this temperature varies it indicates that the ash
ned nas 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.

CO2 analvses will also be effected.

Channelling means that canals begin burning through
+he coal bed. This causes TR4 to increase. If this
occurs increase the grate speed. This can cause
surning coal to enter the ash lock and TR3 will

increase rapidly. If this happens the gasload must

o

e reduced by reducing the oxygen throughput until
conditions return to normal.

wi=h the test coal TR4 should be able to be controlled

at between 400 OC and d.SOO

C, depending on gas load
and coal particle size., The temperature should not

. =~ O~ . .
ne allowed to exceed 453C “C as this will cause damage

to equipment.




GAS OUTIET TEMPEEATURE RISES (TR4)

_CAUSES SYMPTOMS ACTINS ,
Toollittle a) TR7 rapidly increases  FReduce load to 40% C.R.
coa b) TR4 rapidly increases Check coal lock operations
-¢) TR3 remains normal Ensure that there is coal
in the bunker
d) Jacket steam produc-
tion increases If the situation is not
N.B. This is a dange- corrected in a very short
rous situstion and time shut down gasifier,
must be quickly corrected
Grate stops a) Sudden variaticn Start the grate and check
. in TR4 temp. reasons for stoppege.
b) Current zero
Ash bed too ag TR4 temp. increases Increase %rate speed
high b) TK3 temp. lower than Check that ash lock top
normal cone is fully open
Channelling a) TR3 and TE4 temps. Reduce load to 40% C.R.
increase.
b) Gas production and Increase steam/oxygen ratio
temps. become un-
stable and unconirol- Do COZ and oxygen analyses
lable. Check instrumentaticn
¢) Clinkers and unburnt Increase grate speed for
coal in the ash short periods and attemp
to bring temperatures
d) CO, unstable. back to ncrmel

Danger exists of an
oxygen breakthrough

Determine amount of carbon
in the ash.

If co, is uncontrol-

leble or oxygen content
in raw gés 1s higher than
2% shut down gasiiier,

Ash bed too
low

b)

TE4 lover than
normal
TR3 higher than
normal.

F.ecuce grate speed




. 10.2.1.3.4

10.2.1.3.5

10.2.1.3.6

Crude gas to aftercocoler (TRS)

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 locad in steam dense,
cut the load and fill WHB and steam dense to the normal

level.

The Gasifier top temperature TR7Y

The thermocouple is located below the bottom coal lock
closure in the upper part of gasifier. If no ccal is fed
in, the hot gases will heat up the top of the gasifier.
By quickly loading two or three coal locks the problem
can soon be overcome., If TR7 rises above acceptable
limits operate 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 1is approx. 130 °c.
The jacket water temperature

Under normal operating conditions this temperature remains
constant. If the gasifier pressure varies so the boiling
point of the water. The following table shows these
variaticns.

Jacket Pressure (Bar) Boiling Point (°¢)

abs. gauge

1.2 0.30 105

2.3 1.40 124

3.6 2.70 140

6.3 5.40 161

9.1 3.20 176

14.6 13,70 197
21.5 20.6 216
25.0 24,17 224
26.5 25.6 227
27.5 26.6 229
28.0 23,1 230

Local pressure = 0.9 bar)




l' 10.2.2.

FLOWS, PRESSURES AND IEVELS

Utility -Changes Result Corrective action
Oxygen Cortroller faulty, rises a) Change oxygen and steam
flow opens fully to hand control
b) Check instruments, readjust
the flow
c) DoCO; analysis
- Control valve drops a) Change oxygen and steam
faulty, closes to hand control and
close the controllers.
b) Check instruments,read;us<
the Iflow,
c) Close oxygen angd steam
control valves as well Ta-
auvally operated valves, 1:I
flows are not controllabie.
- - Load decreases drops -
o Faulty HP steam varies a) Chenge steam and oxygen
centrol valve to hand control
b) Check instruments and re-
adiust the flow,
c) Do CO, analvsis.
High pre- Control valve drops a) Change oxygen and steam
ssure faulty-closes to hand control and clcse
steam b) Close oxygen and steam
flow menually operated valves
¢) Check instruments.
Raw Gas Flow impulse does not Have checked by Instrument
Flow line blocked indicate Dept.
flow
team blown in- Risds Close pressurising valve
to gasifier from at ash lock.
ash lock pres-
surising valve .
High ash bed Drops Increase grate speed
Oxygen and steam Drops Start up again on s=eam 2nd

shut off

oxygen if shut down
period less 15 minutes.

-—




.itility Changes Result Corrective Action

H.F.Feed Jacket drain Rises Close drain.

Water flow open

(Flow meter )

to be pro-

vided later)
Load jncreased Rises -
Load reduced Drops -
Feed water con- Rises Check level gauce glas
trol valve Have checked by
faulty-opens Instrugent Dept.
or by-pass open Maintsin level with

by-péss until controller

‘ Tepaired

Jacket level Rises Isolate level glsas

glas bursts Have level glas |

replaced by maintenance

Feed water Rises Shut down gasifier.
leaks Repair leak.
Raw Gas Raw gas contrel Rises Chenge raw gas contrel
Pressure valve not fully to menual .
open Control in addition wi«h

bypass valve

. Impulse line Rises Change raw ges ccntrol-
blocked anc ler to mdnual &nd open
centroller fully

closes slovly

Have checked by
Instri:ment Deot.
Change again to
automatic.
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.Utii;ty Changes ~ Result Corrective Action
Jacket Jacket feed Level Isolate control valve
1evel water valve drops Maintain level with by-pass
Jams in close Have checked by Instrument
position Dept.
Commission after repair
Jacket feed Level Isolate control valve
water valve rises Check level at glas
Jamstin open Open by=-pass valve
position Have checked by Instrument
Dept.
Commission after repair
WHB feed Controller ‘Rises Change to hand control and
waterlevel  faulty, fully close valve
at steam open. Maintain level through
drum by-pass
Have Instrument Dept.checked !
Commission when repaired.
- Controller Drops Chéenge to hend contxl and
faulty, close valve and isolate,
closed. Reduce load
Maintain level thrcugh by-oass
Have controller checked ty
Instrument Dept. and
commission when reoaired,
-"- Drain valve Drops Close drain
. open too far
- Control valve Rises or Open bz-pass and control
sticks in one drops manually.

sosition

Isolate centrol valve

Have Instrument Dept., checked

Have maintenance remove
control valve for cleaning
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Utility Changes result Corrective action
WHB feed Control valve Rises Isolate controller and have
water closes too checked by Instrument Dept.
level at slowly
steam
drum

Control valve Droops Isolate controller and have

opens too
slowly

checked by Instrument Dept.
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‘ 10.2.3 GASIFICATION OPERATION QUESTIONS

1) 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 irn coal lock top closure

Jacket temp.
(a) Gasifier jacket is empty

' { b) Feedwater leak in casifier jacket

TR3 (a) Ash too fine, CO, too high

2
(b) Gasifier channelling

TR4 (a) Too much fine coal dust in the coal
(b) Grate is slipping

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

(A) Oxygen flow (a) HP steam pressure drops
below 23 bar
() Raw-gas flow (a) Gasifier channelling
‘ (b) Ashlock pressurising valve stays open
(c) WHB gasliquor control valve blocked

rcy HP feedwater (a) Pressure from “he H/P feedwater
flow pumps too low

(b) Jacket feedwater control valve is
fully open.
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COAL LCK

Description of the coal lock

The coal lock is a pressure vessel situated between.the
coal bunker and the gasifier and is isolated from thetoal
bunker and gasifier by two manually operated valves called
the tép cone and the bottom cone.

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

ccal lock,through the telescopic pipe and the top clcsure.

As soon as the coél 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 2llows the coal to enter into the space below the

top closure. Moving the lever is continuead until a dull

sound is heard at the ton cone closure,

The coal lock is now completely full of coal {i.e. coal

feeder in closed position. Do not more lever twice, ntherwise
the space between the coal feeder and top cone will be £illed

the

O
()
£
o}
[N
®
Lo

acain with coal and there will be insufficient sza
top closure tO Work this coal intc the coal lock., Then the top

cone will not move and the coal lock 1is overfilled.

After telescopic pipe and top cones are closed, the

coal lock is pressurised to gasifier pressure by pressurising

valve. The coal lock bottom cone is then opened end coal

flows into the gasifier,
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When all the coel in the coal lock has run into the gasifier,
the 202l 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 runs again-'from the
bunker into the coal lock.

Both the top cone and pottom closures, the coal feeder,as well a
the pressurising and depressurising valves are manually operated,

The frequency at which the co2l lock cycle must be opersted
depends on the gas load of the gasifier. At a gas load of
1500 m%araw gas per hour the cycle must be repeated approx.
every 30 minutes. The volume of the coal lock is 0.875 mS anc

it holds about 0.6t of coal. The coal lock ¢ycle takes about

8 to 10 minutes.

Operation of the coal lock

All the valves on the coal lock are menually operated.

coal feed to gasifier:

It is very important that the gasifier is always 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 heatec up evaporate the

water and volatiles such as tar ané oil; Considerable h=at is
requirec 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 gasket between the coal lock anc
the gasifier cen be distorted . resulting in a large gas leak.

Operation of the coal lock

The coeal lock operation is described in following steps.




Stiep 1

The coal lock
bottom cone
has to be

closed.

Step 2
.he depressuri-

sing valve has

tc be opened.

Step 3
The coal lock

top cone has to

be opened.

Move the hand lever a few times so that all the coal
between the cone anc 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 leakage 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 top cone must only be opened when the
coal lock is at atmospheric pressure otherwise large
quantities of poisonous gases and cal dust will be

blown into “he surrounding area,

e e




Step 4

Coal feeder
has to be
opened.
Step 5
Coal feeder

has to be closed.

. Step 6

Top cone has to

be c¢losed.

Step 7
Pressurising
valve bas to

opened,

Coal now runs into the coallock, Listen if coal is

running into coal lock correctly. Coal flow can also

be checked with the provided holes on the side of the

coal feeding chute., _ .

After the telescopic pipe has been put in upper closed
position there is still co2l in the telescopic pipe
above the top cone which must be workecinto the

coal lock.

[he top cone will not immedietely close tightly

because there is ccal between the top valve seat and
cone. By moving the hend lever the coal can be

worked into the coal lock. This action must be 1

continued until a dull sound is heard. The coal lock
is now £full.

It is verr important not to turn fecder lever

again as the space in the telescopic pipe

above the top ccne will acain pe f£illed with

coal and there will be not sufficient

space in the coal lock for this coal. The tép cone
will then be unable to move anc the codl locxk is

overfilled,

F.aw gas from the outlet of the after ccoler now flows
into the coal lock. As soen as the pressure reaches

© bar close the pressurising valve and do a

leax test. If the pressure in the cosl lock
Temains ccnstant which indicates that the top core has
sealed properly, then continue with the pressurising

until it equals gasifier pressure,




O...

Bottom cone has

to be opened.

The coal lock bottom cone opens and coal flows into

the gasifier. It is very important to meke sure that

the bottom cone is fully open.

Coal lock cycle finished.

-
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DANGERS concernd with the Ozeration of the Cocal lock

As already stated it is essential that the coal lcck
is crerated in such a way as to always maintain the
gasifier full of coal. This is necessary so that the
top of the gasifier does not get too not thus causing

the flange between coal lockh and gasifier to become

distorted and therefore leak.

If the ccal level in the gasifier continues to falil by
ignoring the rise of the gasifier-gas outlet and -top
temperatures a cordition could be reached where there is
insufficient coal in the gasifier for reacztion. If now

no action is taken oxygen can pass tnrough the coalbed
into the raw gas possibly resuiting in an explcsion in

the top of the gasifier. This can result in very sericus
damage and therefore great care must be taken in main-
taining the gasifier full of coal, (Ncte: This temperature
point 1is mounted on the cocal lock but extends down into
the top part of the gasifier underneath the coal lock

bottom cone).

In the main control rcom there ig a temperature recorder.

The temperature should not increase beyond 200 c.

By quickly carrving out several coal lock cvcles so that
the gasifier is full of coal again the temperature

can be reduced to normal,




The main task of the cogl lock operator is to opercte
the coal locks in such a way ac to make certéin that the
gésifier is maintsined full of ccal. If any problems
occur which delay or prevent the lcacing of ccel, the
supervisor must be immediately intormed so that the
problems can be solved before the temperatiure rises too

high and the gasifier has to be shut down.

U




TYPICAL QUESTIONS ON THE COAL LOCK

What is the purpose of the coal lock?

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

it hold?

dow is a coal lock depressurised, where does the expansion

gas go to?

What is the purpose of the coal lock top closure?

What is the purpose of the ccal lock bottom closure?

why doces the coal lock bottom cone close on the gasifier side?

How will yeu know that a coal lock bottom cone leaks and how

will you handle this?
Why is it very important to maintain a gasifier full of coal?
How will vyou know that a gasifier is full of coal?

Wwhat is the cause of an overfilled coal lock and how is this

nandled?

what will happen if there is a blockage in the coal lock

top closure?

What temperature points are provided in the coal lock and
what are the normal temperature ranges within which the coal

lock must be operated?

what corrective steps must be taken if a coal lock top closure

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

What is the most important task of the coal lock operator?

—— e
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12.1

ASHICK

Degcriotion of the Ashleck

The ashlock is a pressure vessel connected with
flanges to the Lottom of the gasifier. The ashlock
volume is 0.87h3. As with the coallock, the

a-shlock valves are manually operated,

There is an expansion vessel connected to the ashlock
which §s kept full of water during operstion and in
which the steam condenses when the ashlock is depre-
ssurised. The purpose of the ashlock is to receive
the ash produced in the gasifier and drop the ash
batchwise into the ash trolleys. In order %o do

this the ashlock is operated in cycles as described
below.

i. The grate turns the ash out of the gasifier and
it falls through the open top cone into the
ashlock. During this operation the bottom cone
and all the other valves are closed, and the
ashlock as well as the expansion vessel are at
the same pressure 2s the gasifier,

2. After about one hour (depending on the gas load
of the gasifier), the ashlock is about three
qusTters full and must be emptied. The grate is
now switched off to prevent ash moving over the
top cone seat and the top cone is closed. When
i1t is certain that the top cone is tightly
closed the grate is switched on again (after the
leak test ).

3. The ashlock is now depressursed by opening
isolation and control valves respectively on
the expansion vessel. A pressure test is carried
out at 5 bar below the gasifier operating
pressure to ensure that the top cone is tightly
closed. The expansion vessel is full of cold




4.

S.

6.

7.

9.

water and the steam from the ashlock blows through
the immersec pipe into the expansion vessel and
condenses. By this process the ashlock is depre-
ssurised and the water in the expansion vessel is
heated up.

As soon as the pressurs in the ashlock Teaches
atmospheric, the water in the expansion drum 1s
drained out comgetely through the drain valve.

To cool ash continucusly during the ash removal
from ash lock, lushing water valve has to be
opened. The ashlock bottom cone is now opened
and the ash falls through the bottom opening into
the ash trolleyl The flushing water is kept
running to clean the seat.

The water filling valve is opened to flush the
bottom of the expansion vessel and the draining
1ine. Rfier this the valve on the expansion
drus drain line is closed, Filling is continued
1ill the expansion drum is full of cold water
which is indicatec by the overflow line.

The water filling valve and depressurising valves
are closed. The sxpansion vessel system is ready
for the next cycle,

The supply of flushing water to the ash lock 1s
closed. The bottom cone is also closed.

Now the ashlock is pressurised with steam by
opening the pressurising valve.

As soon as the ashlock pressure reaches % bar, the
pressurising valve is dosed in order to determine
4§ the bottom cone is tightly sealed. If the
ashlock pressure remains constant the pressurising
is continued.




Step 1
Top cone
closes

-
L 2

Depressuri-
sing valves.

|IE:eo 3 tae
rain valve
on expansion

vessel open

Step {4

Sten 5
Bottom cone
open

11. When the ashlock pressure is the same as the
gasifier pressure, the top cone is opened and then
pressurising valve is closed. So that the ash
can once mare fall into the ashlock., After
a specified time the aghlock cycle is repeated.

2 A ock

Before removal of ash, the grate must be switched off.
Wait about 10 seconds so that all the ash between the
top cone and the seat has fallen into the ashlock before
closing the top cone, Open and close the top cone a
foew times until a clear metal against metal sound is
heard.

The depressurising valves are cpened and stear condenses
in the expansion drum. Whhen the pressure drops to

about 5 bar below gasifier pressure, close depressurising
valve again to determine if the top is tightly sealed.

I1f the ashlock pressure stays constant then re-ocpen

the valve, If the attempts to close the top cone

tightly fail, this indicates that the top cone seat

is not tight and the supervisor must be informed
immediately.

This drain valve is open to drain the hot water into
the pit. If this valve is openec at a pressure above
1 bar the discharge system can be damaged.

Flushing water supply opened.

When the ashlock is at atmospheric pressure, the
bottom cone is opened slowly so that the ash coes not
fall too quickly into the ash trolley. The bottom
cone is alouly opened and closed a few times to make
sure that the ash is flowing out,




Step 6, .
Nater filling
valve on ex~
pansion drum
open

Stgg 7_L

Drain valve on

expansion vessel

is closed.

Sten. 2
Qi ri11ing
valve, depres-
surising val-

ves are cliosed.

Stepn 9
Bottom cone
closes.

o]
iy

Ste N

Pressurising
.'ftoa- valve

is opened,

Step 12

Top cone is

opened.

Sten 13

Pressurising
stsam valve
closes.

Water flows into the expansion drum. At this stage
the drain valve is still open and the expansion vessel
will not becoms full until the drain valve 1s

closed,

when water runs eut of the overflow line the expansion
drum is full of water.

As soon as the expansion drum is full of water the
"weter fi11ing" valve miist be immediately closed.
This is to prevent water overflowing into the ashlock.
The filling water valve and the depressurising valves
are closed.

Open and close the bottom cone a few times umntil

dull sound is heard thus ensuring that the |
bottom cone is tightly sealed.

Flushing water closed.

Steam at 30 bar pressure and 400 flows into the
ashlock. As soon as the ashlock pressure reachaes
5 bar the pressurising valve is closed. Untightness
of the bottom seat can be seen by blowinc out of

£
steam.

The ashlock top cone is opened and ash once again

falls into the ashlock. The ashlock operator must
ensure that the top cone is fully open so that ash
can €all freely into the ashlock.

L}
As soon as the :op closure is open, the zressurising

valve is closed.

Ashlock cycle completed.

——— e




5.2.6 Quidellnes for the coptyol of the Ashlock
QPERATION PROBLEM POSSIBIE REASONS CRRECTIVE AND/CR
WITH THE ASHILCK PREVENTIVE ACTION
1. Ashlock top cone a) Ashlock is overfull a) De-ash at correct
wdll not close - b) Clinkers betwesn time
cone and seat. b) Ogen

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

2. Ashlock bottom a) Ashlock is not at a) Close the isolation
. cone will not open. atomospheric pressure. valve on the pressu-

The pipeline between rising 1line and depre-

ashlock and expansion ssurise the ashlock

drum is blocked. through the depressu—
rising valve. Report
to the supervisor
before contipuing
further with the

cycle.
b) The ash in the ash~ b) Depressurise the
lock is wet. Water . ashlock in the normal
has overflowed into manner and report to
. the ashlock whilst the supervisor so that
the bottom cone was arrangements can be
closed. made to

oper. the bottom cone.
If the ash will not
f3ll out when the
bottom cone is open,
poke the ash out with
an iron bar.

¢) The ashlock pressuri- c) Close the valve
sing valve is leaking properly on the
anhd the ashlock is pressurising line and
. still under presswre., then depressurise the
ashlock.
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3, Ashlock cannot be
depregsurised

4, Ash lock can
not be pre-
ssurised,

5. Expansion drum
becomes Warm o

shakes during

depressurising

d) The ashlock top cone
leaks and the ash-
lock is still under
pressure.

a) Steam pressurising
valve leaks.

b) Ashlock top cone
leaks

a) Steam pressurising
valve {s stuck in
the closed position,
or ashlock bottom
cone leaks.

8) Ashlock dopressuril
sing valves leak.

b) The dip pipe in the
expansion drum is
loose or broken

-

d) Repressurise the ash-

lock and close the top
cone properly.(This
will only happen when
the pressure test is
not carried out).

s) Close the valve

properly on the pres-
surising line, If the
ashlock will still not
depressurise, follow
point b) below.

b) Try to seal the top

cone properly. If

this is impossible,
report to ths supervi-
sor so that the oxygen
and stcam fiow €an be
cut off. 1f the top
cone leaks gasification
agent containing oxygen
can pass into the ash-
lock and an explosion
can result.

Report to the super-
visor so that arrange-
ments can be made to’

shut down the gasifier.

a) Close the valves pro-

b)

perly or change them

Af necessary.

Report to the super-

visor so that the Jdip

pipe can be changed.




‘ ¢} The expansion drum c) Ensure that the
is empty. expansion drum is
Caution: Depressurize completely full of
system slowly because water.

dangerous steam with

ash content is removed.

5.2.7 Dangers associated with mal-operation of the Ashlock

If the correct operating 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 be 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 system bursting with
possible injury to personnel,

‘ c) While the ashlock bottom cone 1is open and ash is
falling into the ash trolley, the ashlock depre-
ssurising valves must not be closed because if the
top cone should develop a leak whilst the bottom
cone is open. If ash blocks between kottom seat
and cone a blockage might occur and pressure will
build up.




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

e)

th

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 vp in the system as in the
case of a leaking top cone.

The grate must not be run with a closed top cone
for too long. When the top cone is closed the

ash cannot be removed from the gasifier and the

ash collects in the space between the grate and

the top cone. This can result in the grate slipping.
The operation of the grate against a clcsed top
should »e less than 4 revolutions to avoid cver-

filling the space under the grate.

Under no c¢ircumstances must water be used for
cooling the ashlock., This is a dancerous practice
and can lead to distortion of the protecticn

plates.




13.

14.

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?

Why must the ash be removed from the ash lock in
regular intervals?

Give possible reasons why an ashlock top cone will
not open or close!

Give possible reasons why an ashlock bottom cone
will not open or close!

What is the purpose of the ash lock top cone?

What is the purpose of the ash lock bottom cone?
What is used to pressurize the ashlock and what is
the pressure and temperature of the pressurizing
agent?

What is the purpose of the expansion drum and why

is it filled with water?

How will you know that the expansion drum is full of
water?

what harmful effects and danger is there when water
overflows into the ashlock?

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

wWhat 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 xnow if the asblock top clesure gland is
not being lubricated?

Why must the ash lock be depressurized if the gland
is blowin out?

How will you know that an ashlock is empty?




19.

20.

22,

23,

24,

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 should 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.

b) Ash does not fall out of the ashlock.

c) Ashlock can not be depressurised.

d) Ashlock can nct be pressurised.

e) The ashlock depressurising line shakes violently.
f) Ashlock top closure gland blow out.

o




13) Description of gas analysis




The purpase of this chapter is to instruct on the following:

1) To know the duties of the analysis operator.

e To know when, where and hqwv to take a rawv gas sample,
3) How to use the.Orsat apparatus,

L) The purpcse of the Orsat apparatus,

5) The impcrtance of (102 and oxygen analyses.
6) Vry specific CO2 percentages are used.

7) What occurs in the oxydation zone,

8) The dangers associated with ineffective analyses.




1)

ANALYSES OPERATOR DUTIES

Perform CO2 analyses on the gasifier every 1/2 hour or

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

Report all defective equipment.

Report faulty Orsat apparatus.

Carry out instructions from the Shift Ccordinator.

Maintain working area and analysis room in a clean

condition.




Taking a raw gas sample

When taking a raw gas sample the follcwing 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

gas line.

w

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, close the sample holder inlet
valve,

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

possibilities of accidental injuries or gassing.

. 11Y Take the sample holder to the analysis room.




Note:

When a gasifier is changed to HP steam and oxygen any CO2
and 02 measurements which are requested must be done as
quickly as possible. This 1is the most dangerous period
when starting a gasifier. The Cco2 and 02 analysis will

determine whether it is safe to continue or not.




The Ccmbustion Zgne
. It is n:h.-‘-x::biy ioportant to perform CO2 analyses on the gasifiers

as they indicate temperature variations in the oxydation, or firezone

cc2 (Carbon dioxide) has the quickest reaction when temperatures vary.

Ve use high pressure steam and oxygen to produce gas froa ccal. This
gasifying agent is fed into the gasifier below the ashded vhers 1t is
evenly (listributed by the grate. The oxygen then. comes in contact
with the hot coal, wvhere the first reaction takes place. This is calle
the combustion zone.The high pressure sfeam is used oniys to control
tezperatures i,e. the less the steam the higher the texperature in the
combustion sone and more stea:z will gZive a lower teoperature.
Therefore whea the C02 is lower than appr. 28 % (depending on

. the type of coal ) steam must be added to the agent to
cool the gasifier and to prevait < llnker formalion. In other words
when too little stezs is fed to a gasifier too much C02 wilkl effect
the CO (Cerbon Monoxide, parcentage. The opposite will asply if too

much steam is used,

First Feaction

C + 02 = CC2 + Heat and similarly C02 + Heat + C =' co.
In the first reaction zore we also find C02 Eut this later in-
crezses, '

. The correct description of the chemical reaction in the combustion
2cne shculd be writtes thus:

2C + 02 = 2C0

If the CO2 in a geasifier falls ®o appr, 2% % or below the responsible
person is to ne advised immediately.

If the CC2 shows LSS the gasifier must te taxen off lime. This
indicates that the fire 4s out and oxygen’can then not be used

as it vill mix with the raw gas to form an wrplosive mixture,




Raw gas consists approximately of the following compounds
using GODAYARI KHANI coal.

1) Hydrogen (H2) = 42 )
2) Carbon Dioxide (CO2) = 30 3
3) Carbon monoxide (CO) = 16 ]
4) Methane (CH4) = 12 3
5) Nitrogen (N2) = 0 %

operating condition (24 bar, steam/oxygen = 5,5 kg/m3n)




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 aiigning
the liquid levels in both the reservoir and buret. The
orsat is provided with four absorption pipettes and a

combustion pipette.

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

pipette is filled with Potassium hydroxide solution. it
is here, the CO2 in the gas is removed and the C02 content

determined.

The second absorption 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.

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 pipette:

This absorption pipette

is filled with acidified water

of any ammonia vapour from the

and is used for removal

ammoniacal cuprous solution

pefore taking the final reading. It will also serve for

storing the remaining gas sample before the estimation

of H2 and CH4 by combustion.

Combustion pipette:

A know volume (say)

of the gas

~

stored in the absorption pipette 5 and 7 or & times

the volume air are drawn into
of this volume of the mixture
is passed into the combustion

is broucit to red heat slowly

the buvette. The reading
is noted (say). The mixture
pipette. The platianum coil

by supplying a current

of 6 volts from a 6 volts battery or from a step down
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 2).
The CO02 in the mixture is now estimated by absorption

in the first pipette (C02 = a).

2 H

2 + O

2 —DZHZO

+ 2 O,—* CO

CH, 2 2

+ 2 H,O

2

Hydrogen combustion and also the combustion of methane
give rise to water vapour, which condenses and procduces
reductions in volume.

Calculation of H2 and CHY in the sample taxen for combustion

Total reduction in volume y = 2
Reduction tue to combustion of CH4 is ctwo times this
volume of CH4 . CO2 volume produczed = 2 a
Reduction due to Hydrogen combustion
= (y - 2z) - 2a (volume of gas re-~
. ] - _ _ n maining after es-
(1) % Hycrogen (y = 2) =23 2 4 \ijation of CO2,
3 02 and CO)
X
ii) 2 t = . ,
(11) * Methane L« (volume of gas after estimnation
X of CO2, 02 and <0O)




14) GASIFIER CHECKLIST

No,1
No.2

No.3

No.4

No.5

No, ©

.Oo 7

¥o, 3

The planned shutdown of a gasifier

to atmospherie pressure

The emptying and cooling of a gasifier
.befors dlanks can be installed,

Prevaration for installation of dlinds
after a gasifier has been emptied and

cooled

The installation of dlinds after a
gasifier 1s empty and cold

The precaution to be taken defore
entering a fasifier :-or inspection and/or
maintenance after thes blinds

have been installed.

The preparation and removal of bdlinds
from a gasifier after an interngl
ingpection or major mgintenance before
the gasifier cand e started wp

The start wp of a gasifier with high
pressurc steam and alr.

The svitching over of a gasifier frem air to

oxygen




_CHECKLIST NO.

1 FOR "HE PLANNED SHUTDOWN OF A GASIFIER TO ATMOSHPERIC PRESSURE,c¢ecoceeonssse

Steps Control pangers Associated Action Comple- Date Ref to
points in carrying out/ by ted by shift
ignoring of proce- (Signed) coordina-
dures tor
(1) (2) (3) (4) (5) (6) (7)

8.

Coal feed to Gasi-
tier bunker stopped

Gas load reduced
to 40% oxygen

Control valve on
raw gas line on
automatic.

Deash and grate
stopped.

Oxygen control
valve closed.
FRRC 4302

High pressure
steam control
valve closed

Oxygen isolation
valve F 001
closed,

High pressure
steam isclation

lvalve DHOO4 closed

1-

Eight to ten hours
before the gasifier

is to be
shut down.

When coal bunker
is nearly empty.

PRC 4115

Control valve on
manual control
and set to zero

FRC 4301

F 001

DHOO4

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




CHECKLIST No. 1 {(continued)
(1) (2) (3) (4) (5) (6) (7)

9, Manually operated P o412
valve on oxygen
line closed.

10. Manually operated DH 414
valve on high PIC 4102, DH 431
pressure steam
line closed

11. Valves to gas HOLD
cleaning plant
closed

12. Starting of de- 1. Raw gascontrol
pressurizing valve open.

Maintain BFW level Depressurize 1 bar
in BFW Drum, each 10 min,
Hold at 5 bar,

13. Pressure difference PI 4105 and PI 4109,
between gasifier 2. Maintain level in
and jacket to be water seal in flare
watched, stack.

14, Coal feed to gasifier
completely stopped.

© T 15. Isolation valve GS 4131
on coal lock pres- .
surising line
closed

~ 16. Coal lock bottom

cone closed.




CHECKLIST NO, 1 (continued)

(1) (2)

(4)

(5)

(6)

(7)

8.

19,

At 5 bar the sumps
of waste heat boi-
ler and aftercools

Open valve below
catch pot hold
and WU 404 as well

have to be washed WO 404

3 times by filling
with injection gas
liquor from section
800, Discharge

the washings to ex-
pansion vessels
F801 and F802,

At S5 bar switch

raw gas controller
from automatic

to manual,
wWashcooler sump and
circulation pump as
well after cooler
sump are drained
completely.

Isolation valves

on waste heat

boiler gas liquor

line closed, 1.

Keep drain valves WK
on gas liquor 1line

at waste heat boiler

and after cooler

open,

"Dusty gas liquor"
WT 401, 402, 403

404, Hold, WO 404



CHECKLIST NO. 1

(continued)

(1)

(2) (3)

(4)

(5)

(6)

(7)

Raw gas control
valve closed.

Valve to flare
opened.

Raw gas control
valve +25% open

Wash cooler pump
stopped

Gasifier at at-
mospheric pressure

Isolation valves
on injection
water line to
wash cooler WG421
and to after coo-
ler WG 422 to

be closed.

PRE 4115

G/GR 413

PRC 4115

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




CHECKLIST NO. 2 FOR THE EMPTYING AND COOLING OF A GASIFIER BEFORE BLANKS CAN BE INSTALLED........

Steps Control Dangers Associated Action Comple- Date Ref to
points in carrying out/ by ted by shift
irinoring of proce- (Signed) coordina-
dures tor
(1) (2) (3) (4) (5) (6) (7)

Checklist number 1
is completed and
signed

Grate started and
ash removed as
normal

Low pressure boiler
feed water to

waste heat boiler
and L.P, Steam
system to be closed

Isolation valves on
low pressure BFW
pumnp closed.

Vent on high low
feed water line
opened

Ashlock top cone
closed

Jacket drained to
normal level,

SW 431,432,433

SW 434

1. Gasifier empty

WA 411,

412




~ CHECKLIST NO.

3 FOR PREPARATION FOR INSTALLATION OF BLINDS AFTER A GASIFIER HAS

BEEN EMPTIED AND COOLED....

Steps

Control
points

Dangers Associated
in carrying out/
ignoring of proce-
dures

Action
by

Ref to
shift
coordina-
tor

Comple- Date
ted by

(Signed)

(1)

(2) (3)

(4)

(5) (6) (7)

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

Gasifier at atmos-
pheric pressure.

Gasifier empty

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

Bypass valve at
DH 004 on high

pressure steam

line closed,

Vent valve on high
pressure steam
line opened.

Isolation valve on
start up air line
closed

Isolation valve
and manual valve
on oxygen line
closed,

DH 414, DH 004, DH.PB1

'DH 413

Separate air line
will be provided
later for start up

F 001, I 412



oxygen line open

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

11. Isolation wvalve
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.

15, Isolavtion valve
on the coallock
depressurising
line closed.

Iﬁ.iﬁ}gnds in coal
"~ 7 chute under
bunker in closed

position.

WS 422, 423, 424
425

DN 437, DN 434,
435

DN 433

SV 431

PRC 4115,
G/GR 415, 416
G/GR 413, 419

GS 433 - 1,2

CHECKLIST NO. 3 (continued)
(1) (2) (3) (4) (5) (6) (7)
9. Vent valve on F 413



CHECKLIST NO. 3

(continued)

()

(2)

(3)

(4)

(5)

(6)

(7)

19.

[solation valve
on filling water

Line to ashlock
expansion drum
closed.

Electric fuses

renmoved from

the following

a) Grate motor

b) Wash cooler
circulation
pump,

¢) H.,P. Gas liquor
injection punps

d) Cooling water
punps

WV 403



T 5’ ! ) 5 EMPTY AND COLD .....ccvocncses
CHECKLIST NO. 4 FOR THE INSTALLATION OF BLINDS AFTER A GASIFIER IS

Steps Control Dangers Associated Action Comple- Date Ref to
points in carrying out/ by ted by shift
ignoring of proce- (Signed) coordina-
dures tor
(1 (2) (3) (4) (5) (6) (7)

)

h)

Checklist Nos.
1,2,3 must be
completed

The Blinds of the
following lines
are installed:

Oxygen line

ligh pressure
steam line
Start—-up air line
Coal lock pressu-
rising line

Coal lock depre-
ssurising line
lligh pressure
feed water line
Low pressure feed
water line

High pressure
feed injection
water line to
wash cooler and
to aftercooler,

F412,7004, LN 411
DH 414, DH.PB1

GS 431

GS 433-1,2

WS 422, 424, 425

Hold for UA LE No.

L.P./H.P connection

WS 426, 427



(,'lli'l(,‘Kl“T NO.

5 FOR THE PRECAUTION 'TO .
MAINTENANCE APFTER THE

TAKEN BEFORE ENTELRING
INDS HAVE BEEN INSTALLED....

e o0

A GASI‘ER FOR INSPECTION AND/OR

Steps

Control
points

Action
by

Dangers Associated
in carrying out/
ignoring of proce-
dures

Comple- Date
ted by

(Signed)

Ref to
shift
coordina-
tor

(1)

(2)

(3) (4)

(5) (6)

(7)

1.

Checklist number
4 for installa-
tion of blinds
completed and

signed.

Gasifier empty

Gasifier cold

Coal lock reimoved

Gasifier blown
through with

clean air

CO and explosive
gas tests done

and result
negative

Open ash lock top
and bottom cone

suck the gas from the
gasifier

Airmask in gasi-

fier

Two safety belts

L




CHECKLIST NO. 5

(continued)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

A))

10)

1)

Person on standby
at coal lock

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

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




CllEC'ST NO. 6 FOR THE PREPARATION n
INSPECTION OR MAJOR

REMOVAL OF BLINDS FROM A GA
NTENANCE BEFORE THE GASIFIER

ER AFTER IN INTERNAL
N BE STARTED UP

Steps Control Dangers Associated Action Comple- Date Ref to
points in carrying out/ by ted by shift
ignoring of proce- (Signed) coordina-
dures tor
(1) (2) (3) (4) (5) (6) (7)

1. Internal in-
spection carried
out.

2. Maintenance work
completed

3. Coal lock replaced

4. The following
blinds removed:
a, High pressure DH 414, DH.PB1
steam line
b, Start up air

line

c. Coal lock de- GS 433- 1,2
pressurising
line.

d. High pressure WS 422, 424, 425
BFW line

e. Low pressure ' Hold No. for
feed water HP/LP BFW

line to waste
heat boiler/
steam drum
system
f. High pressure WS 426, 427
feed water
line to wash
cooler and
aftercooler




CHECKLIST NO. 6

(continued)

(1)

(2) (3)

(4)

(5)

(6)

(7)

a)
b)

c)
4a)

Coal chute to be
opened after
bunker is refilled.

Clearance for
start up signed.

External inspec-
tion carried out.

Coal lock and ash-

lock cycles tested.

Scraper tested.

The following tes-
ted by instru-
ment section:

All the alarms
Instrument

charts, pens etc,
Trip system
Control valves
indication.

1.
2,

3.

All flanges tight
All bolts in
position

All scrap material
etc. removed

All instruments
in order.



CHECKLIST NO. 6

(continued)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

10.

11,

12,

13.

Jacket water
drained and
refilled with
boiler feed
water.

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

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

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



CHECKLIST NO. 6

(continued)

(1) (2)

(3)

(4)

(5)

(6)

(7)

14,

15.

Motors and
valves
tested.

Injection water
to waste heat
boiler open and
aftercooler and
level normal.




CHECKLIST NO. 7 for the Staft—up of a Gasifier with High pressure Steam and Air

Steps Control Dangers Associated Action Comple- Date Ref to
points in carrying out/ by ted by shift
ignoring of proce- (Signed) coordina-
dures tor
(1) (2) (3) (4) (5) (6) (7)

Checklist no. 6
completed in full
and signed.

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

Low pressure steam
isolation valves
open at WHB

to BFW-heating
system,

Gasifier rawgas
control valve on
manual and
fully open.

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 i1s used to heat
the gater up to

100 “C, the other

to dearate the water
entering the dearator,

PRC 411%. G/GR 415, 416

G/GR 419




CHECKLIST NO. 7 (continued)
(1) (2) (3) (4) (5) (6) (7)
5. Rawgas bypass G/GR 419

valve fully open

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

Before loading
purge with
gasifier

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

Purge steam
isolation valve
open.

Close high
pressure steam
control valve
on manual

Open only 1" bypass
valve on the high
pressure steam iso-
lation valve DH 004.
RRL will provide
later.

DH 002, 413, 005, 008,
007.

Provided
to WHB safety valves.

FRC 4301




CHECKLIST NO. 1

(continued)

(1)

(2) (3)

(4)

(5)

(6)

(7)

10.

11,

12,

13.

14,

Blow gasifier with
100 m™n air at at-
mospheric pressure

Load gasifier
with 3 coal
locks of coal.

Coal lock bottom
cone open

Close coal lock
bottom and ash

top cones.

Open high pressure
steam manual con-
trol valve fully.

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

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



CHECKLIST NO, 7

(continued)

(1) (2)

(3)

(4)

(5)

(6)

(7)

15.

16.

17)

18)

19)

20)

Valves on drain
lines on WHB and
aftercoolers to
be opened to the
pit to control
level. WD 404
and valve below
the catchpot.

Emergency injection
water closed (HP-BFW)

Injection water
to washcooler
and aftercooler
open.

Gland cooling
valve WV 405,

Cooling water

to wash cooler
recirculation

pump open,

Washcooler pump WK 404

drain valve

closed.

Wash cooler 1. In and outlet
recirculation . isolation
pump 1in valves open,
conmission. WU 401, 402

2, Gasliquor
level in WHB
normal,

Rawgas control Valve fully open
valve on manual PRC 4005



CHECKLIST NO. 7

(continued)

(1)

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

21,

22,

23.

24,

25,

Oxygen alr control
valve on manual

Tr 2 controlled
between 320 oC
and 350 °c

Agent temp (TR2)

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

For grate check
that lubrication
is available.

Reduce high
pressure steam
flow.

Vvalve fully
closed.
FRC 4302

High pressure
steam flow

Chart reading

90%, approx. 300 kg

~ Steam/h

Gasifier outlet
temperature TR 4
approx. at 100°¢
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 .



CHECKLIST NO. 7 (continued)
(1) (2) (3) (4) (5) (6) (7)
26) Slowly open High pressure steam

27.

28.

29,

30.

high pressure
steam isolation
valve,

Just crack open,

Open start-up
alr isolation
valve,

Open start-up
air control
valve

Open high
pressure steam
control valve
a little on
manual

Gasifier pressure
increased to
25 bar

line 1s at full
pressure up to
control valve,

+60 m>n/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 €O, and O2 every

10 minutes,

1. Control tr2 at +200°C.

2, Pay attention that

pressure difference
between gasifier and
jacket is not higher
than 2.% bar.

Raw gas control valve
and vent bypass valve
still in open position,
Pregsure controlled
only with bypass valve,




v

CHECKLIST NO. 7

{continued)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

31.

32,

33.

34,

35,

36.

CO, analysis
done and under
control at about
18% to 21%.

Raw gas flow
starts increasing.

Gasifier gradually
filled with
coal.

Control CO
between 187% to
21 8,

Turn grate
for 2 minutes
each thru low
speed.

€0, and O, ana-
lySes doné and

0 0.6%

found in gas.
Increase the
gasifier pressure
to 5 bar,

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 %,
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CHECKLIST NO. 7

(continued)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

37.

38.

39.

40.

41,

42,

De-ash very 30
minutes to re-
move ash and
condensate from
gasifier

Control gas
outlet tempera-
ture at

150 - 200 °c.

Gasifier to be kept
full with coal.

Gasifier on air and
steam for 6-8 hrs,

No unburnt coal in
ash,

Retighten all
hot flanges.
{hot pull up).

Ensure ash lock is
empty.

Use packing
facilities,

If coal prices appear
in ash reduce grate
speed,



_
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Chec t No. 8 for: THE START-UP OF GASIFIER WITH HIGH PRESSURE 'M AND BWITCHING OVER FROM
‘B AIR TO OXYGEN, ‘ ‘ ‘

- Steps Control Dangers Associated Action Comple- Date Ref to
points in carrying out/ by ted by shift
ignoring of proce- (Signed) coordina-
dures tor
(1) (2) (3) (4) (5) (6) (7)
1. Boller feedwater 40%
to jacket and Jacket 50 %

waste heat boliler 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- 1. Ashlock tem-
led out. perature TR 3
CO, and O,-content approx. agent
in"raw gag within temperature
limits, 2, Gas outlet
CO,: 18 to 21% temp, 150 9% to
02 : 0.6 % ' 200 “C
Flare has to be
ignited.
5. All instruments Instrument tech-
in order nician present.




CHECKLIST NO. 8 (continued)
(1) (2) (3) (4) . (5) (6) (7)
6. Gasliquor level 50 %
in WHB sump
normal.
7. Oxygen isolation F 001

10.

11,

13.

valve closed,
Open vent on
oxygen line

Oxygen/air control
valve on manual
and closed,

Change from air
to oxygen supply
in 02 plant,

Blank air/nitrogen
utility line

Gaslifier deashed
and expansion drum
full of water,

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

Isolation valve in
oxygen line open

R 413. Line pressure
drops.

FRC 4302

LN 411

1. Ashlock bottom
cone closed,

2. Ashlock top cone
closed. Grate
is to be stopped.

F 001




CHECKLIST NO. 8

{continued)

(1)

(2) (3)

(4)

(5)

(6)

(7)

14.

15.

16.

17.

18,

Gasifier raw-
gas isolation
valve to be
closed to

put of the
flame at

the flare.

Adjust steam
flow to 40 &,
and keep it
constant.

Open oxygen
control valve

Slowly open
high pressure
steam

manual con-
trol valve
fully - if
not already.

Slowly open
oxygen con-
trol valve

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.

-



CHECKLIST NO. 8

(continued)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

19.

20,

21,

22,

23,

24,

25,

26,

Increase gasifier
pressure to 10
bar.

Rawgas control
valve must not
close comnletely.

co, and o, analyses
done,

Increase gasifier
pressure to 15 bar,

Ashlock in opera-
tion.

Gasifier full of
coal.

De-ash every one
hour.

High pressure steam
and oxygen flows
checked by instrument
technician,

Pressure difference
between gasifier
and jacket below

15 bar.

CO, might rise to be-
tweéen 35 % and 40 %
and then fall to

28 % to 30 %. O, in
rawgas less than 0,4%,

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



CHECKLIST NO. 8

(continued)

(1)

(2) (3)

(4)

(5)

(6)

(7)

27.

28,

29,

30.

.

32,

33.

High pressure
steam and oxygen
control valves
switched to
automatic

Second Hot pull-
up on flanges
done

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

Readjust oxygen
to steam ratio,

Control CO2

in raw gas
between 28% and
30 %

Gasifier pressure
increased to
20 bar

Gaslfier pressure
increased to
about 25 bar,

Gasifier/ash lock
main flange and
other flanges

if necessary

By watching CO,-content
and ash quality,

Ashlock top
cone closed
during pressure
increase,




v

CHECKLIST NO. 8 (continued)

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

34. Switch over to
gas cleaning
plant

35. Ashlock in
operation
de—-ashing as
normal,

36. Increase gasifier First steam
load. followed by oxygen.

Comments:

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




15,

GAS CCOCLING

The purpose of this chapter is to explein the
following:

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

2, the equipment used in the cooling process

3. BDow to control the cooling process.




15.1.

i5

GAS COOLING

PURPOSE OF GAS COOLING:

The purpose of the gas Coolers are to cool down the
rav gas comineg from the Gasifier to the temperatare

level required at the inlet of the gas cleaning

gsection,

3ENZRAL PROCZST DESCRIPTION:

TRe raw gas “rom the Gaeifier ic cools? 2o'n to the
required temperature level in tvo ctagee, narely, m<h
cooler, waste heat boilep an? after cooler. The

wash cooler is located on the top of the waste heat
boiler and attached to the gasifier outlet . Gas

liquor 1s sprayed here to quencn the gas to below the

saturation temperature,

2.1 Waste Heat Boiler:

The zas Irom the wasn cooler enters the wzste hest
boller at about 180°%, It is cooled by boiler
f2e01 water sent tco the shell side. Thne waste heat
boller is a shell and tube heat exchanger 1i.e,
the hot raw gas flows through the tubes and the
boiler feed water flows between the tubes and
shell, Due to the cooling down of the raw gas
condensate (Tar and gas I%gzuor) is formed and

this collects in the sump. The level in the ==mp

iz aitomatically controlled and the Tary gzs

o

liquor is routed to the 3as lijuor separation

P lant,

.oocoozti

—_—————

I Y e o
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15,

/2/

The normal temperature of the raw gas entering
the waste heat boller is 1809C and the normal

temperature of the gas leaving ie 160°C.

AFTER COOLER:

This cooler is basically the same as the Wgste

Heat 3oiler, Gas liguor is injected intto the

top of the after cooler to prevent the forma-

tion of ammonium carbonate and bicarbongte crystals.

The gas 1s cooled by means of "Cocling water®.

Normal inlet raw gas temperature is 160°C and
the normal outlet temperature is 40°C, The
condensate formed is oil and gas liquor and is

routed to the expansion vessel,

CPEPATI NG PRCCZIDURES:

3,1 TEMPERA™TRT Q7 TAS TO SAS CTEANTNG °777IC™:

Overlocad or fouling of the coolers is indicated

by the increasing temperature the outlet tempera-

ture at the after cooler (normal 40°C). I+ this

occurs it should be checked that,

a) tre cooling water valve at the after cooler
is fully open .

b) the injection water line to the after cooler
is open

¢) levels in waste heat boiler and after coolers
sump are being controlled correctly 1.e.

there are no nRigh levels which could dloek the

gag flov,

..l.?..
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15. 3¢2 LEVEL CCXTRCL CF STMPS

&11 levels are controlled automatically., At ex~
treme high level the gas flow can be blocked,
At low level the gas may enter into the gas

liguor line to gee liguor sepzration{note:this

will blow the safety seals at gas liquer sedration).

I+ an automatic level control system faile the
level can be controlled by the bypass for the

apprepriate vale, Therefore the bypass wlves
are so instazlled that the level can be watched

when the bypass valves are cgerated,

If a gas break through has occured immediate
action 1s required end the arpropriate control
valve or the shut off valve must be closed and
the level controlled manually using the bypasse.
TVPICAL QTESTIONS ON GAS COOLING:

1. Describe how raw gas is cooled in the fo'lowine:
a) Wagste heat boiler
b) After cooler

2, How are the tubes of the after cooler kept
fre2 of blockages,

3, Wha% poisonous gas is found in raw gas ?

4, Hrw would you control the temperature of raw

gas to gas cleaning section ?

.0‘00.4...
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8.

10.
11,
12,

13.

14,

/4/

How is the gas liquor levels in the waste
heat boiler and after cooler controlled ?
Wnat will happen if gas enters the gas lignor
lines to the gas liquor separation section ?
If any automatic level controllers on the
cooling system fall, can the levels still be
controlled, How ?

How will you know if a gas break through has
occured on gas liquor lines ?

What are the raw gas inlet and outlet temperatures

on each cooler ?

Describe the waste heat boller ,

Describe the aftercooler .

How do the tubes in the after cooler become
blocked ?

In the event of the raw gas.temperature to

gas cleaning sectian being too high (abeve 40°C),
wnat should be checked ?

Wnat 1s the purpose of the gas cooling ?

Sro0 0



16. GAS LIQUOR SEPARATION

The purpose of this chapter is to provide with a
basic knowledge of:

1. How the gas liguor separation section 1s connected

o to the gasification section.
2, The feed streams into the gzas liquor separation sectian

3, The ceneral process flow within the gas liquor sepa-

ration section.

4., How the various feed streams are processed,
5, The equipment used within the section

6. The product streams from the unit,




. 16. 1¢ PURPGSE AND CAPACITY OF THE UNIT

16_ 1.1

. 16,162

PURPOSE

The purpose of the gas liquor separation 1is to sepa-
rate various gaseous, ligquid ard solid components
from the gas liguor 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 of the raw gas from

coal gasification. The raw gas contains a large

amount of water vapor (undecomposed steam,products of
carbonization such as tar,oil,naphta,phenols, chlorine,
fluorine and fatty acids. It also contains dis-

solved gases, mostly ammonia (WH5) carbon dioxide (C05),
hydrogen (E,) and a small amount of combustible

gases and coal dust, as well as incrganic salts,

The dissolved gases are removed from the gas liquor
by expansion to almost atmospheric pressure. The
dirferent liquids and solids are separated in sepa-
rators by means of physical methods based on settling

time and differences in densities,

The products from gas liquor separation are expan=-
sion gases, oil, dean tar, heavy dusty tar and a
relatively clean water, which i1s purped to the
biological plant, Cil and possible zclean tar pro-
ducts are collected in the existins oil and tar
tanks,

CAPACITY

The gas liquor separation unit is designed for a

total Zas ligdor fldw of approx,2m’/h,



o
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16.1.3 NORMAL TEMPZRATURES AND PRESSURES OF MAIN STREAMS

There are two streams routed into the gas liguor

separation; the dusty gas liquor from the wvaste

heat beiler and the olly gas liquor stream from

the after cooler.

16, l.3.1.

16. 103.2.

DUSTY GAS LIQUOR

This is the condensate form the Wac<te

Heat Boiler (wH3) sump, It contains the
coal dust, the main portion of higher
phenols and tar, the fatty aclds, the chlo-
rine and fluaorine and a certain quantity of
NH3 and dissolved gases,

This condensate originates from the raw

gas afterccooler.

The oily gas liquor stream contains the

0il (lighter than water), the monophenols
and the main portions of NF, and dissolved
gases and minor portions of the conmponent s

mentioned for the dusty gas lijuor.

16, o4 FEED STRIAMS

161.4.1

FLOW OF N'STZ GAS LINUOR

The dusty gas liguer is released fron

the waste heat boller sump in gasifica=-

tion by a level controler, and fed tn the

0000'3..0




16 .1.4.2

3
primary expansion drum. In the expansion drum,
the gas lijuor 1s expanded to almost atmospheric
pressure. The expansion gases which escape consist
of flashing steanm and a part of the gas previously
digsolved in the gas liquor. The expanded dusty
gas ligquor flows by gravity to the tar separators
which are working in parallel or in seriess TO
avoid a gas break through to the separators,
each expansion drum 1s equped with a gseal of about

6 m, heighte.

PRIMARY AND SSCCODARY TAR SEZPARATORS

The dusty gas liquor fron the primary expansion
dpums is mixed with the gas 1iquor from the

tar slop pit befcre it enters the rrimary tar
s2paTators,

The mixkure of the gas lijuors is routed to a
central inlet pipe in the primary tar separator
in whHih it flows downwaras and from where it is
distriputed radialls into the settling zone, In
this zone, dust and the heavier tar 1is separated

and settled down into the e-niical bottom section

of the separator.

The gas liqnoeT f1ows radially bdeck to the
ouderwall of the separator, where it passes an
overfiow for oily gas liguor an? leaves the
primary tar saparator, 71+ is combined with the

oily gas liguor from the seccndary separator

C.ll..dﬂ'.
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working in series or parallel and flows by gravity

to the oil ssparator. A second gas liga or over-flow

is connected to the outer wall of the tar zepzrators,
where the clean gas ligquor leaves the separators and

is routed directly to the gas liquor tank. Tar, which
1s separated in the settling zone and settled down on the
conical roof, is drained through dip pipes to the conical
bott om,

The heavy, dusty tar is drained from the bottom of

the primary and secondary tar separator to the drain

sy stem.,

The clean tar sedtled in the primary and secondary !
tar separators is withdrawn batchwise from the tar

outlet nozzels of the tar separators and is routed

by zravity flow to the tar run down tanks, The level

of the clean tar can be checked by sample noziles
arranged at the cylindrical wall of the separator, The
tar separators are equipped with heating coils, to

avold Dlockages et the conical bottor, resultine fronm

the high viscosity of cold dusty tar,

FLC# OF QILY 5AS LIQUOR (SER SXZTCHE 8)

The oily gas liguor from the after cooler i3
expanded into the secondary expansion drum.
1.4,3.,1 S=CQARY EXPALSION DRJM

I.1 <he secondary expansion drua the gas
liguor from the after cooler 1s expanded

to almost stmospheric pressure, The

expansion gases whicn escape consist of

.l‘l'sb.




16.

1l.4,3.2

-5

flashing steam and carbon dioxide with
minor portions of hydrogen, carbon monoxide,
ammonia and methane.

To aveid pressure build up in the expansion
drums resultinz from 2 failure of the level
cartrol valves in gas cooling each expansion
drum i3 equipped with a seal of 6 m height.
The gases from the expansion drum are vented
to atmosphere , the water is drained to the
tar slop pit washer and further <to the tar
slop pit.

OIL S=FARATOR

The expaaded gas liquor from the seconiary
expansion drum flows by gravity to the oil
separator, The design of the oil separator

is gimilar to the tar separators and the mnde
of operation is the same, Since only a very
small quantity of tar is expected to settle
down in the conical bottom section, the oil
separator has no heating coils.

The settled tar is drained batchwise to the
trench system leading to the tar slop pit,

frop where it is pumped back to the separators,
The oil separated.in the oll separator flows
via 2 fixed internal wier and an adjuastabdle
overfiow to the oil run down tanks as required,
The treated gas liguor flows by gravity

to the gas liquor tank,

00006010
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The gas liquor is further treated 1in the

biological gas liquor treatment.

16, 1,5 FLCWS WITHIN THz UNIT
16, 1.5.1. FLOW OF GAS LIQUOR FROM TAR SLOP PIT

There are various steeams running into the
tar slop pitj
a) Gas liquor from gasification
. b) Gas liquor (including tar, oill and dust)
from "trenches® resulting from draining
of equipment in gas liquor separation,
gas.fication and gas cooling.
¢) Flushing gas liquor which was used for
cleaning purposes.
d) Raig water from the paved area in gas
liquor separation. |
The zas liquor from the tar slop pit 1is
nolmally pumped by the tar slop pit pup
‘ to the primary tar separators where it 1is

treated together with the dusty gas liquor,

16 .1.6 R=2CYCL:ZD HIGH PRESSURE INJ=CTION GAS LIQUOR

High pressure injection gas liquor is needed for
injection into the wash ccoler and into the after cooler.
The gas liguor is taken from the gas liquor tank and

pumped by the h.p.eas liquor injection pumps.

6. 1.7 FLOWS QUT OF UMIT

. 1.7.1 GA3 LINJOR

The treated goe liquor is tfrangferr:? Trom gas




16. 1.7.2

16 .1.7.3

16.1.7.4

- 7.

liquor separation to the bdiological gas
liquor treatment pumps .

OIL

The oil separated in gas liquor separation flows

to the oil run down tank.

TAR

The heavy dusty tar is drained to the slop pit and
has to be removed by from time to time.

The clean tar settled in the primary tar separators

flows by gravity to the tar run down tankse.

EXPANSION GASSS

The expansion 2as lines from the primary and

secondary expansion drums are routed to atmosphére.




TYPICAL QUISTIQIS CN GAS LIQUOR SZPAFATION

1. Wiat is the purpose of the gas liquor separztion unit ?

2. Define dusty gas liquor and describe the flow to the
tar separators.

3. Define oily gas liquor and describe the flow.

4, Apart from dusty gas liquor what other gas liquor stream
'1s fed to the tar sepavators ?

‘ 5., Wiat is the purpose of the tar separators ?

6. What is the purpose of the oil separztor ?

%. Describe what takes place in the expansion drums?

g, st is the tar slop pit and from where does it get its feed?

9, High pressure injettion gas liquor is needed in various
parts of the plant, (a) what are they ? (b) from where is

it taken ? (¢) how ig it pumped ?

1 0, What are the tar run down tanks.

11. Draw a2 rough sketch of the dusty z2nd eily gas lijuor flow.




‘ 17)  MAINTENANCE GUIDES

Neo special miaztemancs verk to be dame.

(a) Gagifisrs
Cheeking: Yater level glasses dally
( to be drained)

%o ferther actions are necessary.

(b) Grate and Greate drive:
fellowing vork to be domes

1) Siaskingw Wery 4 hours tightness of
stuffing dbex.
2 Lakricaticn ta e denes

1) Bvery shif% grate bearings
2) Every 4 heurs.
a) Pinion besring
. | ») Stufring dox.
3 Tasting: After 2000 hours of operation
d¢{ sxantel pinien and check surface

ef teeth, slso elearance of pinion
bearing.




SOAL LOCK.

1) Gheskingm
1.1 fure nev test ran fill w space
feor packing vith asdestos rings.

1.2 Every shift tightness of stuffing bex
1.3 After egeh test run digmgntel tep

flange of top elosure and check rudder
ring.

Replace nev rudder ring sarefully
(Plastic hammer),

2) Labrication' Stuffing dex every shift.

3) Repair of top and Dettom clogure-seats:
This has to be deas by special welding and
grinding precedure,




1) Coeckingi
1.1 Before nev test run fill wp space
for packing vith asbestes rings.
1.3 Brery shift tightness of stuffing bex.
1.3 After sach test run digmntel lower
flange «f dottam closure and check
rubder ring.

Replaee rubder ring earefully.

(plastic hammer).
8) Lubrioaticni
2.1 Staffing dox svery shift.

3) w&ﬁﬂ-ﬂw

This has to be dene by specisl
welding and grinding procedure,
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¢ 433 M - Recirenlating Pum.

(a) 2acking

(d) Lubrication:

Remarkss

1) Suffing dex every 4 hours
(slight dripping nermal, teo
tight stuffing box preduces
barning of material)

If leaknge increases tighten
slightly.

g2) Wateh cooling wvater flow for
stuffing box.

%) Suooth running «f pumps

4) Bearings to de checked, temperature
norm)] about 50%C; temperature must
net exceed 80°C,

§) Renev «ll according description
in manual.

1) Keep cil level in sight glas
%) Renev ¢il according to segvice
Ingtructions in mannal.

See also ingtructions in mnual.




SIEAM DRIVRN PRED-WATER PUNPS
(2 m 1) If neesssary tighten stuffing
boxes slightly and evenly,
8) Renew packings from time to time.

. ® If servioce decreases, grind

pump valves vith fine emery and
odl.

. (®) LShrications 1) Yateh ludrication of steam
sylinders regularly,

Remarkss See alse instructions in mnual.
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(a) Cheocking

(b) Lubdricationt

Remarkss

et 82

1)

Sngeth and non-vibrating running
Bearing temperstures(20-80°C)
Coeling water flow,
Syuffing box.
(8% also G 433 Btdmhtu,

P |
Grease- lubricated dearingss |
Ronev dearing grease every l
¢ menths (Fill emly 2/3 of
free space).

8ee zlso instruetions in

manaal,
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'. 18) SAFETY REGULATION

3 Iatroduction

1.1 ©Safety 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, and emergency procedures

‘ at all times,

1.4 All operating personnel are to Make themselves
familiar with fire and emergency eqiipment in

the plant and no obstructions are to be placed

near this equipment.

2 Coal handling plant

2,1 Inspection of coal and gasifier bunkers.
2.1.1 No person is to enter a burker unless

authorised,

2,1.2 A safety belt and Drager gas mask willl
be worn by any person eatering a bunker, tne

safety belt to be securely anchored,

2,1.3 For every person entering a bunker two
persons are to be on standby. Thay will
also be equipped with safety belts and

gas masks,

2,1.4. I? any ladders are hung inside a bdunker tney

. must oe securely anchored at the top of the

bunker,
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2.1.5

2.1.5

2.1.7

3 Gasiffers

Maintenance personnel vho intend
working on a conveyor must ensure that
the equipment is isolated before work
begins.

Cleaning of conveyors

Mo cleaning on, under or alongside moving
conveyors 1s permitted.

No pent iron otars etc.,are to be used

to clean cnutes, If tnis ls neces<ary
tne rod must pe <mootn, straignt and

have no sharp ends,

No person may ¢limb over a moviag or
stationar,y conveyor excepting where

walkways are proviied,

3,1 Work in or inside inspection of a gasifier

3.1.1

3.1.2

3.1.3

3.1.4

No work or inspection may take place
unless all precautions, according to

relevant check-lists, have been t aken.

No person ma/ eater a gasifier unless the

coal lock has been removad,

No person may enter a gasifier unless

fresh air is blowing into the gasifier,

Any ladder hanging insiie a gasifier
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3.3

3.4

3.5

3.8
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is to be firmly tied at the top.

Tightening of ash lock top and bottom cone glands

Under no circumstances can this work be

performed while the ash lock is under pressure,

Opening of ash lock bottom cone

The ash lock op=rator must ensure that no
persons are in the immediate vicinity of the ash
lock when the bottom cone is opened,

Removing an ash lock bottom cone and seat while

the ash lock is still full of ash or water

It must always be borne in mind that it is
extremely dangerocs to perform this %ask while
the ash lock may be full of ash or water, and

as such, may-only be carried out under the

dl rect supervisbn of the shift coordinator,

To prevent accidents and injuries the following

procedure must be strictly althered to;
Ash lock depressurised,

Under no circumstances must any equipment be
operated above stated pressures or temperatures.

A dnagerous situation can result if this occurs.

No water may be fed into the gasifier from
the ash lock while it 1s still hot.

..0.4..
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4, Gas liquor separation and gas cooling

Entry into sumps, ash canals, tanks or sewers

‘4,1 No person may enter any of the above mentioned
without a permit,

4,2 No person may sign his own permit, This may
only be done by an authorised official,

4,3 When manholes are opened, and until safe for
entry, the area 1s to be fenced off and a
"nc éntry™ sign hang.

4,4 Before any of the above are entered a standby

person must be 1n aftendance, He 13 not to

leave his post until the person working lnside

has left the vessel, canal or sewer,

5. General 3afety Regulztions

5.1 Operating

. The plant is to be kept in a neat and tidy
condition to minimise fire hazards,
5.2 Gloves are to be worn when opening valves on
steam or hot product lines,
5,3 Safety goggles are to be worn to prevent eye
injuries. .
5,4 Gas nasks are to be worn by any person

shutting down equipment where gas is present,

e.g., wash cooler pumps when the packing has

. blown out, process lines which have developed
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leaks, and leaking flanges on a W.H.3. In
these circumstances a senior person must be

on standby until the equipment is safe.

5,5 All temperature alarms must be checked atleast
once per shift, Ir any are found to be faulty
. the fact is to be reported immediately.

6 General Maintenance Reégulations

6,1 In an emergency, maintenance personnzl are

responsibie to the shift lncharge or mors senior

official,

6.2 Certain maintenance requires, 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-
1ists.

6.3 ALl persons doing standpy where welding is being
carried out are to wear welding goggles and not I

look directly at the welding,

6.4 No oxygen or acetylene cylinders are alloved
on the coal lock floor of the gasification
bwuilding, or any other high floor where they
. may fall through. They must always be placed

an the lowest possible floor and long hoses

used to reach higher levels,
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6.5

6.6

6,7

6,8
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All safety equipment, as laid down in the
Safety Regulations, must be available before
entry into any sump, tank or gasifier,.
Regulations regarding entry into sumps,
vessels, gasifiers etc,must be adhered to.
The person an standby where maintenan-~e 1s
being performed must be aware of safety
precautions written in the permit and must
ensure that these are carried out.
If safety precautions, written on a permit,
are not strictly adhered to the standby

person is to stop all work until such time

as they are,
Protective clothing, as specified on the
permit, must be worn until the work has been

completed,

Ppocedure in the event of a fire or gas emgrgency

7.1

General

7.1.1 If a fire is discovered, inform the
shift incharge and ¢try to contain the
fire.

7.,1.2 The shift Cgordinator or more senior
official is to discuss strategy.
Request the use of special fire suits
to 1solate equipment 1f necessary.

7.1.3 The shift incharge or senisr official
will decide which equipment is to be

i SOIQtedo

000.0700
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Persans 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 PFire fighting

7.2.1

2.2.2

Gas Fires

a) Isolate equipment and depressurise
through the flare, and 1f possible blow
njtrogen or steam through the relevant
equipmzent.

b) Contain secondary fires with fire
extinguishers or stezm hoses and keep
equiprent cocl with water,

Electrical Fires

a) Attempt to swtich off electric mctor
and ask electrical department to isolate,
b) Contain fire with CO, and dry powder

extinghishers., HNever use water or ioanl

on an electrical fire,

7.3 Gas Blergencies

7. 391.

7.8.2.

when a serious gas leak developes which can
be a danger to Becple, fire hazard or
explosive hazard, a Dl'ager gas mask, which
are situated in strategic positions, must
be worn,

Inform Shift Coprdinator and other

Aepartments,
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7¢3.3. Proceed as laid down in the emergency
procedures.

7,3.4 Rescue of perscns who are trapped in dan-
gerous or awkward positions must be carried

out by the rescue team,

8. BY-LAWS TO SARSTY IBIULATIOIS:

Dangercus and hazardous materials which are nandled in

the gasification section or which arise from problems
‘ in adjoining sections,

Action to be taken in the event of an emergency and

procedures to be followed in combating specific emerzencies,

The following dangerous and hazardous materials are
handled in the gasification plant or can be present

as a Tesult of problems in adjoining plants.

a) Ammonia (¥Hy)
b) Carbon dioxide (CO
® K
d) Hydrogen (Hz)
e) Hydrogen sulphide ('dzs)
f) Nitrogen (Nz)
g) OXygzen (Oz)
h) Rqw gas
1) Hydrochloric acid (HCL)
§) Potassium hydroxide (KOH)
k) Hot water and steam
' 1) Ga8s liquor
m) Lime

2)
Carbon monoxide (CO)

.0'0.900
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n) Coal dust
0) Tar anéd oil

p) Polyrad foam depressant




1 Ammonia (NHy)

lel

1.2

Characteristics

This 1s a colourless gas with a sharp, pungent
smell. It affects the eyes and skin and can
cause severe irritation even in small quantities,
Under certain conditions a mixture of ammonia
and alr is explosive (between 15 and 23% Ri2%S
in air). S3 ppm is the lowest percentage
wnich can be detected by smell. A Drager tube

detactor can be used to deteet an ammonia con-

centration of higher than 100 ppm (0,019).

Note: (Concentration above 100 ppm are dangerous,
and above 5 000 ppm fatal, if inhaled for a few
minutes,

Treatasent

In the event of a persan being overcorme by
ammonia gas he must be removed to frech air
immediately., Apply artificial respiration and

call for an ambulance, Keep the patlent warm.

2, Carbon dioxide (CO5)

2.1

Characteristics

This is a colourlsss, adcurless, tasteless, and
non-explosive gas which is heavier than air,

and 1s found in the bottom of tanks, containers
and sumps. In high concentrations 1t causes
suffocation followed by death, A gas mask should

always be worn shen entering tanks etc whish may

con*tain 2C,

]
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Treatnent

Remove the patient to fresh air immediately and
apply artificial respiration. Use oxygen if
necessary. Keep the patient warm and call for

fgan ambulance and medical help.

3 Carbon monoxide (CO)

3.1
®
3.2
®
3.3

Characteristies

This is a highly polsonous gas, even in low con-
centratiois. It 1s colourless, odourless and
tasteless and is lighter than air. Symtoms oF
gassing are a pinki-h tinre to the skin, pink

1ips and a generally healthy appearance, neadaches
and a feeling of P#stlessness, The maximum
acceptable concentrztion for an eight hour period
is 1700 ppm. The explosive range, when mixed

with air, is 12,5=74,0%,

Precautions

Use a Drager CO detector whenever it 1s

a) Dossuble that CO may be present, In the event
of a positive result being obtained a gas
mask must be used immediately and notices

posted,

b) a gaz mask must always we worn when tanks OT

ves<els are opened.

Treatment
#

AS for Carbon Dioxide treatment 2.2

coooa3ooo
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4 Hydrogen (%))

4.1

Characteristics

This 1s the lightest imown gas and 1s highly combus-

tibfle. I+ is colourless, odourless and not pecison-
ous. If under pressure it becomes hot as the
pressare is reduced. When mixed with air 1t is
highly explosive and it is difficult to see its
flame durins day light,

Frecautions

Leaks are to be reported immedlately and a steam
lance to be directed onto the leak until repaired

or isgolated.

5 Sulphurat2d hydrogen (HoS)

5.1

Characteristiecs ;

This 1g a colourless gas with a smell of rotten
eggs. It is heavier than aif, poisaous and ex-
plosive, It affects the eyes and lungs and
causes diaorea and itching . Symptoms of low
concentrations are; vomiting, swollen and watery
eyes . The explosive parcentage, mixed with air
1s 4,3 to 45% and the permissible concentration

over an eight hour periaf is 20 ppn.

Precautions

Always wear a ges Dask in areas where 58 may

bhe present.
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5,3 Treatment

Immediately remove the patient to fresh air and
. apply artificial respiration, or administer
oxygen. Call for an ambulance and medical

assistance.

.6 Nitrogen (¥)

. 6,1 Characteristics

This is a colourless, odourless, nop-flamnable
gas and 1s lighter than air. When released
, it can thin the air to below the necessary 18%

. oxygen content and thus cause death,

6,2 Precautions

a) A gzs mask must be worn when enterling vescels

which have been purge? with nitrogen.

. b) Keep away from vessels with open manholes

when they are bsing pursged with nitrogen.

¢) Post notices and fence off areas where nitrogen

is used to purge open vessels,

7. 6,3 Treatment

As for sulphurated hydregen 5,3.

00050000
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7. Oxygen (05)

7.1 . Characteristics

[\v}

It 1s a colourless, odourless and tasteless gas
which constitutes 2097 of the earth's atomosphere.
It is highly reactive and it therefore foblows
that materials such as oil, grease ete. can be
ignited at room temperature, by a spark. IF THe
oxyzen concentration eveeedsz 2579 it hecomes
known as an oxygen atmosphere, Personec vhg are
exposed to this atmosphere must keep away fram
all sources of ignition. This condition also
causes inert materials such as steel and other

metals to burn,

Precautions

a) Never use grease or lubricénts on any oxrgen
valves or other equipment,

b) When worki .g with oxygen never wear clothing
or vear gloves which zre nll or zrease stained.

c) Oxygen, under pressure, must never be blown off
unless an authorised permit has been iszued,

d) Wwhen oxygen valves are Speneé this mn=t only be
dome slovly,

e) In the event of a fire isolate the oxyzen imnme-
diately and quench th2 fire with water,

f) OXygen backepressure into a gac line can canse

an explosion - prevent this,




/8/

7.3 Trestrment

a) Oxygen fires cause 3rd degree burns.

Move the patient out of danger immediately.
b) DO not attempt to remove patients

clothing or apply any ointments.

¢) Call for an ambulance and medical assis-

tance,
Raw Gasg
811 Characterictics

8,2

8.3

Thic ie a hizhly inflammable, pol-<onou~ ras

with a very marked smell. It contains cC,,

CO0, By and CHy with traces of sulghur, the

last named belng the source of the smell,
Raw gas is lighter than air and Torzs an
explosive mixture when mixed with alr,

Precautions

AS for CQZ, CO’ Hé( 2.20,3.2.’ 4.2)

Treatment

As for Co, C0, Ky (2.3., 3,3., 4.3)

Hdrochlorie acid (¥ar)

9.1

Characteristiessg

This 1s a colrurless to 11s%¢ vellew ©1uiA
with an irritating 2mell, It caun-e-~ wonnda
on the skin and in some s@ses perminens
damar2, It gives o0° heat when mixel - ith

water,

...'.'7..
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9,2 Precautionrs

a) When handling hydrochloric acid always
wear protective clothing, i.e. P7C shit,
face shield, PVC gloves and gum boots.

b) If spilt use sufficient water to flush away.
In the event of a large spillage first
neutralise the HCl with lime and use large
volumes of water to wash away.

. 9,3 Treatment

Is HC1 is spilt onto the body first remove
all clothing and rinse the body with plenty

, of water,

10 Potassium hydroxide (KCH)

10,1 Characteristics

In the solid form it 1is cerystallised, In the
liquid form and in a water solation it has an
adverse effect on humén limbs. I+ camses

. burn wounds , scarring and blindness, 1if
splashed into the eyes,

10.2 Precautions

a) Use PVC gloves and safety goggles when
handling KOH,

b) prevent spillagé and wash awey if this
oceurs,

10,3 Treatment
a) In the event of calcium hydroxide being
. splashed over the clothes and boly remove

clothing and wa~h body with plenty of

running wvater,
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b) Call for an ambulance and medical

assistance,

Hot Water

11.1

11.2

Precautions

a) Use plastic containers when sampling hot
water or condensate and wear gloves and

goggles.

Treatment

a) MoOve the patient out of danger, call for an

ambulance and medical assistance,

Polyrad foam

12.1

12,2

12,3

Characteristics

This is a thick, syrupy, liquid which 1s dark
brown in colour and is used for the chemical
cleaning of equipment, It is not poisonous but
irritating when in the eyes,

Precautions

Tse PVC gloves and safety gogzlec vhen handling
the foam,

Treatment

Wash the eyes and af-<ected parts of the body

with water as soon as possible,

Gas liquor

13.1

Characteristics

Gas liquor contains ammonia and fenols and 1is

a yedlow liquid with a sharp smell, It has an

Q

o000 80 000
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adverse effect on the skin and irritates
the eyes. FeNols are quickly absorbed
through the ckin, Symptoms of poisoning

N are jerky breathing, listnessness, a feeling
of lameness partial blindness and a heavi-
ness of the eye 1ids, The maximum acceptable

pheno! concentration 1< 5 ppm.

13.2 Precautions

a) Wear a face shield and PVC gloves when
sampling or handlinz gas liaor.
} b) Have all leaks on valves, pipes and con-
tainers repaired irmediately,
¢) Rup "Barrier" cream on all exposed parts

of the body before handling gas liq or.

13,3 Treatment

a) If a person 1s overcome by gas llquor
. fumes he must be removed to fresh air
and artificial respiration applied.
b) Call for an ambulance and medical
aczcistance,
¢) Any gae liquor vhich has come into contact
vith the eyee or skin muet be vashe” away

with running water,

ceeveseellosee
D
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Lime

14,1 Characteristics
This 1s a white powder which when mixed with
water forms an alkali solution., During the
mixing, hest is generated. In the powder form
form it causes irritatation to the skin, eyes
and affects breathing,

14,2 Precautions
Use gloves, safety gogzles and a nose mask when
handling lime,

14,3 Treatment
Ir the eyes or any part of the body are effected
wash off with running water,

Coal dust

15,1 Characteristics
Coal dust causes irritation to the eyes and can
permanently damage the cornea of the gye. It
will burn and is explesive when well mixed with
air , for example in an empty vessel,

15.2 Treatment
Wash tae eyes with running water,

Tar and oil )

16.1

Chargcterigtics
Tar is a black, course lijuid when above mel-

ting temperature and is heavier than water,
0i1 1e¢ a brown, smooth 1iquid which floats

on water, THBy contain phnols and ammonia,

oooaallo.
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Precautions

a) BEnsure that tar and oil does not come in
contact with the skin,
b) when handling these products wear PVC
gloves and safety goggles. DO not wear
leather gloves as they become saturated
with the product,

¢) Do not inhale tar or oil fumes,

Treatment

When tar or oil come in contact with skin
or eyes they cause irritation, Wash

immedistely with running water,
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