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Question 1: ) [16 marks]

1.1 Given the diagram (Blow-off system) provided below, analyse the and answer the questions that

follow:
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the different components that make up the Blow-off System. (6 marks)

Air receiver with automatic drains trapy
Blow Off Valvesy

Solenoid valves A and BY

Solenoid valves A, B and CV

Instrument pipingV

1.
2,
3.
4.
5.
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6. Pipework from compressor stages to exhaust ducty

b) What is the function of the Blow-off system and the possible dangers to the Gas Turbine if

components do not operate correctly? (4 marks)

unstableV and pressure fluctuations can cause high vibration, high bendi
temperatures. The blow-off valves open to bleed air into the exhaust to

pulsationsV.

c) Using a P&l D diagram (Blow-off plant system given above 0 \ s Blow-off

valves operate. (6 marks)

1. A signal from T-3000 causes solenoid valy
2. Solenoid A and B to (de- energise) which all al receiver to pass
through solenoid valve

3. Pressurise the “open” side of Blow off

4. The “close” side of the bl es argl¥ented via their associated solenoid valvesy

5. To assist with the opening ff Vidlves, the associated solenoid valves will vent.
N

6. When the Blow-( lose®, the process is reversedy

Scenario 1: \ [12 marks]
A

1.2 Assume the unit is handed back to operations. You and your team are required to prepare the
A W W

u-nit for stand-b&for National Control. Assess and explain the role of the process controller

highlightiﬁg comrrynication with key stakeholders according to the standard operating

rocedures when the plant is ready to operate or cannot operate. (9 marks)

The controller must work with the stakeholders to ensure that the unit is stand-by for
operationV

All stakeholders must be informed of the plant status which include inter alia: Plant
managers, Operating and Maintenance Managers, Power Station Managers including
National Control) Vv

3. The process controllers or network controllers must ensure that their plant is on stand-
by ready to generate power\ if the plant is running, they must ensure that this is real-

time, which means that all is up-to-date\/, when the plant needs to be run) N
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4. The controller must also communicate with the stakeholders using Energy Dispatch (ED)
system

b) Activities involved using the system: (3 marks)

1. Observe the requests from the stakeholdersy
2. Update the system continually not to lose the income

3. Communicate real-time information to the stakeholders

Scenario 2:

1.3 Given the HMI schematic diagram, plant inspection sheet and rele

alyse and

interpret the data identifying any inaccuracies utilising the rm 15 marks]
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Daily Operational Checks — UNIT 21 | |
| Ops Values | Mon. | Tues ‘ Wed. Thurs. | Fri. Sat. Sun.
Deluge Systems - SGA:
Deluge Valve Control Pressure — SGF01CP501 =6 Bar :F e
Deluge Valve Supply Pressure — SGF01CP502 > 6 Bar 'J:l—
Deluge Foam Tank level - SGF01B8001 >75% ~es
LubelLift Oil = MBV:
Level in tank OK MBV10CL001 YIN N>
Any il in Sight Glass? YIN N O
C.W Outlet flow MBY <r0mim | bSmla
Ol Mist Separator Vacuum Press. MBVS0CP101 nea-tto-Gmbar | —SV
Lift Qil Filter in service AT 01402 (=]
Lift Oil Pump Pres. MBY30CP502 > 130 Bar 1=
L.O. press. Before coocler and filter MBV21CP501 >4 Bar =
L.O. press. After cooler and filter MBV26CP501 > 1.5 Bar Z
L.O. Filter in service AT 01/02 (5] b
Filter DP ok — MBY25CP001 % Red (ST
L.O. Coaler in service AH 01/02 H D:B’-—
L.0. temp. before cooler MBV23CT511/521 <60°C ST
L.O. temp. after cooler MBV23CT512/522 <50°C Y&
L.0. press. Cooler inlet MBV23CP511/521 5-5.2 Bar %e 2
CW press. Cooler inlet MBV23CP513/523 4.8-5 Bar -.5—
Hydraulic Skid = MBX:
MBX02 CP501 150-170Bar 1 L0
MBX08 CP501 >0 Bar /
MEX04 CP501 150-170Bar t0
MBX04 CP502 LT %)
MBX03 CP501 150-1708ar b
MBX02 CP502 R0-1I0Een b0
Level in tank MBX01CL501 >75% 7%
Temp. in Tank MBX01CT501 20-55°C Lol
A v
Ops Values | Mon. Tues. Wed. Thurs, Fri. Sat. Sun.
Purge Water Skid - MBN:
\
Tank Level OK > 425 litre | ~ed | | | r T
Ignition Gas stand - MBQ:
| 1gn.Gas Pressure MBQ11CP502 saspar | [1bbow
Leaks at Combustion Chamber Burners YN N
= 55°C
Ign Gas Pipe Trace Healing 7550
Fuel Oil Skid - MBN:
F.O. Filler in service AT 01/02 O,
Filter DP ok — MBN11CP001 % Red 0
Pump Inlet Pressure MBN11CP501 >4 Bar (
Pump Outlet Pressure MBN12CP501 100-120 Bar )
Pump Drive End Oil Level > Red line ‘\f&&
Pump Drive End Bearing Temp MBN12CT105 < §5°C jen
Pump Non Drive End Oil Level > Red ling \M&
Pump Non Drive Cnd Dearing Temp MBN12CT107 <85°C 20%0C
Premix Strainer DP - MBN16CP101 < 100 mBar A |
Diffusion Strainer DP - MBN13CP104 < 100 mBar 3
Main ESV Control filter indication- MBX78AT002 Red/Green Cl IZ,E'@J
Premix ESV filter indication ~MBX76AT002 RedGreen | CILEEN
Diffusion ESV filter indication-MBX75AT002 Red/Green 64 LEEN
Return line ESV filter indication -MBX79AT002 RedGreen |1 RIGEN
Return line CV filter indication-MBX86AT002 RedlGren | (1| AN

Blow off & Combustion Chamber system : MBA & MBM

Drain water condensate

YIN

| I I
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Generator Coolers: MPR

Pump Suction Pressure MPR11/12CP501 3-4 Bar \\c\ &(«T
Temp after cooler MPR11/12CT501 < 40°C \ g
Pump Discharge P MPR11/12CP502 ss6apar |)eth Bar
Press Expansion Tank MPRS0CP501 3-4 Bar .
Lube Oil Coolers: MBV
Pump Suction Pressure MBV23CP502/4 3-4 Bar __9) Z.
Temp after cooler at pump MBV23CT501/2 <50°C WU
Pump Discharge P MBV23CP503/5 s564Bar | SUE
Press Expansion Tank MBV23CP501 3-4 Bar 3I 5’
Generator /Turbine Enclosure LHS:
C.W. Inlet Temperature MPR30CT501 i 18
C.W, Oullet Temperature MPR20CT501 - | g
C.W. Outlet Flow MPR20CF501 >imomn | {90
C.W. Oullet Pressure_ MPR24CP502 >32br | Y
CO2 Fire Protection ok - Armed YN -5
Fire Detection Panel OK CYE10GE001 YN 24
Munster's Dryer Temp. Generator side. >50°C ) N4 5
Munster's Dryer Temp. Turbine side. >50°C \(4&
UBA/PCC Rooms:
Air conditioner - Active YN '\‘\U,
Any alarms? YN es
Ballery room ventilation - ON On/Off (t)r\)
- - ..’
Ops Values Mon. Tues. Wed. Thurs. Fri. Sat. Sun.
Station Service Transformer: (BBT)
Winding Temp. <110 °C 24
Oil Temp. < 95 °C 20
Silica gel (Colour) %Orange  |Bromine
Generator Transformer: (BAT)
Conservator tank Oil Level OK YN ~ed
| Winding Temp. <110°C =9
Oil Temp. <95 °C B5YC
Silica gel (Colour) % Orange € Mo
Covid -19 Requirements
Turbine Hall - is Hand Sanitiser Spray available? YN q/,
| Generator Halls Hand Saniisers Spray available? Y v

General Comments:

I\
Suntwendng tela, Meped  Suwe CHL panel
< = j -7 T \

Mon. Tues Wed. Thurs. Fri. Sat. Sun.

Performed By Initials 7—% s
. IVhaa T

nd identify four (4) inaccuracies from the provided documentation (i.e. diagram, status
plant and trends). Data is correctly analysed, interpreted and compared and the number

of inaccuracies are identified correctly

The inaccuracies to be identified from the Daily Operations Check Sheet are as follows:

a) Generator Cooling pressure is low
b) The Ignition Gas pressure is very low at 2.6 V

c) Generator Cooling is at 1.9 when it is supposed to be between 3 and 4+
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Diagram A N

d) Synchronising relay tripped on CHA panely/
Log and raise a notification for deviationy\\/
Inform the person in charge of the plant about the inaccuracies identified Determine the corrective
action to be taken to address the identified inaccuracies X4\

Log the incident in the Shift Log and raise a notification for deviation in the system/

Inform the supervisor regarding the action taken
Gas leak on a Unit 21 1.6 bary

Pump suction pressure 1.9 bar Low

Alarm active — Synchronising relay tripped+

Silica gel brown (depleted)y

Evaluate and interpret the plant diagrams depicted below (Di determine
ck to National

[16 marks]

all resources required to enable the Gas Turbine Process

Control on the plant status with examples.
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anf[ 00 NepRess
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w50 ] e
FWD PMP
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FOOFRLOAD PRESS
ALOW
| 0.0 |Vmin
UNLOADING AREA:
TOTAL REMAINING HOURS ON BASELOAD
Lo
/4
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L |
FWD PMP
o OUTLET PRESS
E
g’ 2 FUEL OIL
Date Jos 1118 OCGT Eskom Atlantis FUEL OIL ercoo |- o0EGY00
Drawn By | |siEmMENS AG
| ok =
Ghange | Date Editor l::::'_vl =t Rl J l::'_v'
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Diagram B
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Answers:

1. The process controller must show understanding\ of the planning processv i.e staff - project
management team+/
2. They must maintain constant contactV with the team to understand the maintenance planv

coordinate and participate in the activities of the team

Facilitate/expedite raw resources planningy
Ensure the re-instatement of the plant planning\ and determine raw resourc
generate energy/power\ onto the national gridy which include diesel and other re
such as LPG gas and de-mineralised water)

5. The controller must also give relevant instructionsV to their power

prepared and ready to meet National Control needsV.

Scenario 3: [6 marks]

1.5 Given an out-of normal condition, explain the a tepsato ge or troubleshoot the

problem to avoid a risk to people, plant, production, o teri

Answers OON Process

1. The OON condition may requi nPitems; in such conditions operating

locks must be used.
2. A risk assessment must @& conducte@ifor eVery OON prior to recording the OON via FLIP.
A person from the [ t must be consulted during the risk assessment. V
3. All OON conditions d via the electronic OON register in FLIP from which it

ial number after it has been Accepted.

hift Supervisor shall update the Control Room white board information or Electronic

formation system where applicable and ensure that the OON is captured into the particular shift
log. The Shift Supervisor must inform all relevant shift personnel of the accepted OON condition.
\/

7. When the OON condition has been cleared and the system returned to normal, the OON must be

electronically Cleared in FLIP by the Originator. The Control Room white board or electronic

©Copyright Reserved Gas Turbine Process Controller EISA Page 9 of 17



information system, where applicable, shall be updated for that particular item and a retraction

noted in the relevant operating log. V

}
N
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Question 2: [30 marks]

2.1 Analyse the diagram provided below (Diagram A: Turbine System) and answer the questions that

follow:
GT 21 OVERVIEW
UNIT OPER MODE PRESEL - ACTIVE POWER TURBINE SPEED
TOSID ali bl gy GTOPERMODE \oRMALIFAST FAST-FAST 'c "w s-1
- O e O raur | |iospEspcTRL -GRADIENT  -GRADIENT REACTIVE POWER Gen SPEED
RESET ACKN NORM GRAD  FAST FAST D LD OPERACTIVE E]MVar D e ‘-1
SGC GAS TURBINE | ® | I e | I ® | - - D SC OPERACTIVE POWERFACTOR D ARE m
m [ scc ot rov ForR sTART CAPIIND
e ARE PROTECTION LOAD SETP DYD SPEED SETP
&l = C) e [0 Jmw [5005]s1
SHpMRe @ 20 Mw 50.05 |s-1
i N U TURB CTRL STATUS: . Al
m Il scc scorov ForsTART O scoTre acTuaTED BASE/PEAKLD T-SETP
R BASE LOAD Il runue FUNCTION ACTIVE
E ] e - [[] spemmcvr acTive
: LOAD CTRL ACTIVE
Mw PRIM FREQ INFL [MW] OTC CTRL ACTIVE

COP GRADLIM CTRL

- i PR Cri C-P-RATIO LMT CTRL ACTIVE
O o7 conTROLLERFALLT

[[] roapLmt crrL acTive
EI PRIM FREQ CTRL ONIOFF

[[] Loapimt canactive @ crurchiocken
@ ceneraKEOFF

FO START UP
SGCFO 35":::“5' g e i
. GT ENCLOSURE - . T "D‘Q*"*ﬂ—' T— —
)
a) ldentify and rpos€ of the major components of a gas turbine unit. (4 marks)

e the diagram provided below and identify the inter-dependencies and the turbine plant
tatus of the drawing provided considering the required temperatures, flow pressures and plant

tus on the diagram. (8 marks)
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GT 21 OVERVIEW

UNIT OPER MODE PRESEL GT HW TRIP SYSTEM

Om Om'r

GTOPERMODE \ o RMALFAST FAST-FAST
LDISPEED CTRL -GRADIENT  -GRADIENT
NORM GRAD  FAST FAST

o

-1 . .

FARE PROTECTION
RESTART TRP
(o] Do =

[ ]

QO scorp acTuaTeD

LOAD SETP DYD SPEED SETP

[+ uaren
MW s-i
] )

BASE/PEAK-LD T.
BASE LOAD

orc ACTIVE POWER TURBINE SPEED
7] -Mw [202 Js-
[[] woopemacTive -MVar D""c .1

DSCWE!ACI’NE POWER FACTOR DCAPC

[0:02"| capnnp

.opmuus

TURB CTRL STATUS:

[ runue AncTION ACTIVE
[C] spem TR acTive

LOADCTRL ACTIVE
OTC CTRL ACTIVE

[[] Loapwmr cTrL acTive
COP GRAD LIM CTRL

C-P-RATIO LMT CTRL ACTIVE
O o conTRoLLERFALLT

RESTART
") Qe
uw PRIM FREQ INFL [MW]
E] PRIM FREQ CTRL ONIOFF
. PRIM FREQ CTRL
LUBE OIUTRN SYS
LUBEILIFT
OIL SYSTEM
SYNCHRONOUS

[] Losowmr cenacive @ cLurchiocken
@ cenvsraeorF

Inlet Guide Vane at 0%
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c) Explain the operating philosophy with respect to the utilisation of air from the intake through to the

turbine. (12 marks)
Answers:

Air enters the system through the filter housing above the unit and into the air intake, which feeds

passed through the compressor blades has increased significantly in pres

temperatureV.

The next zone through which the air passes is the combustion region wh mixture is
ignitedV. As the resultant gas flows through the chamber, it is expg ver tures from
the burner flames which increase the temperature furthery. It akigh temperature and

pressure and therefore has a large amount of potential ene

turbine itself\V. With its current properties, the gas i L he turbine driving the

nts and appropriate actions taken during
rding to the applicable standard operating
procedures. (6 marks)

Answers

ating the priorities (e.g Priority 1,2 or 3)
c) Degi i he SAPQIM system

eport indicating actions taken
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Question 3: [8 marks]

3.1 Examine and interpret the schematic layout below and explain the current status of the plant and
explain how the flow of the current towards the busbars will be. Also indicate in your answer if

there will be power supply to the busbars given current condition of the drawing.

— |
GT 21 POWER SUPPLY HV orc ACTIVEPOWER  TURBINE SPEED
NSET [(Jwoemacrve [272 |*¢ [ 4 |uw  [4938 |s-1
- [T] scopmactve GaNSPERD
A — 49.94 51
GaIvoLT SETP @VOLTAGE G CURRENT FREQUENCY
GTuNT CB 257 [100.0 | :
Ty 100.0 % [1575 jwv  [013 kA [50.00 |Hz
i L4 L2 POWER FACTOR »nNo
- [5a7wv 013 kA 113 cap
N | L3441 13 REACTIVE POWER
8"“‘- | 1000 1% 1606 kv [013 kA [-0.03 | mvar
-M‘I‘ﬂ. o .
GENTROLTC g g
VOLT REG STOP GEN VOLT/CUR GENPOWER
o
[] avro m@ EMERGY OFF
e [ |
[[] cocar
Om" UAUXINC FDORCURL2
116 A
I BaT01 UAUX TRV L142
UNIT ALX C8
ASTO U AUX ACTIVE POWER
e 0.7 |MW
unseL
i — &
S 6.61 KV 1A
| _l s 05 0¢ -oz
G MBS MKC BFE
.arsvc:ac -mmvu
MKADT

N\

mode, the controller must contact National Controlv or National Control will

. They need to analyse and interpret the condition properly stating the current

Control will request the re-synchronisation the unit to enable the unit to go back to full load

ust NOT run in island mode for longer than ten (10) minutes to avoid unnecessary of fuel).

The process to be followed to resolve the problem if the 400Kv breaker trips — de-loads to 4 megawatts
which results in running the unit in island modev — solution will be to re-synchronise to the grid by
closing the 400Kv breaker and load machine to full load+

©Copyright Reserved Gas Turbine Process Controller EISA Page 14 of 17



Scenario 1: [12 marks]

3.2 Given the diagram below, assume the National Control has commenced loadshedding due to

unavailability of coal plant units. The power factor is fast deteriorating, analyse and interpret the

GTG... Time scope: | 23/03/07 09:18:56 AM - 23/03/07 09:48:56 AM Timezone: | GMT+02:00 | dur.: [00:30:00. % | @)

e o e =1 / o GT 21 GEN CAP DIAGRAM
.....f....%:“.-_... /: ' Lo

diagram and indicate what actions would you take to resolve the problem.

3 o B e T R GE EE% SR SR RV
1 . 18, '
1
' E Temp cold 46 degC
PO T (P i
'"—",’"i"'f o Temp cold 28 degC
1 ]
6}.e '/'. Tomp cold 17 degC
i J
Vif 1,00
I N S

MKA71CT901 ZQ01 'C
wkazscTaot zao1 [ 402 |°C

s

:B‘

veLvrciled

MBY10CE901 XQ01 MW
MKCO1DES02 XQ01 MVar

dam==
T

:
SR R S
_F H
:
R, S——
SRR
:

0.00>

. ._
cacagnasnd-="F
S e Vi

———— i, T
-

X MBY10CE901 ZQ01 P/su
o Y mKkcotoeso2zaot [ 0.0 | aisw

ilwd
PR S W 5

Vikdwieaw
S

-0.50~

SIGNAL TAG DESIGNATION RANGE LOW |  RANGE HI UNIT LAST
21MBY10CES01|(ZQ01  |ACTIVE POWER -0.1278| 1.1810] 0.8279;
21MKCO1DES02||12Q01  |REACTIVE POWER -0.6300) 0.9150| -0.0002;]

N/

or restore the plant to an acceptable status, the controller would need to assess certain

ns S

v les within the capability chart\V, current megawatt output\, active power and reactive powery,
temperatures/cooling on the generator\y and take necessary steps to correct the abnormalities

according to the operating and maintenance manuals\\ and implement the approved procedures\.
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Scenario 2:

3.3 The temperature protection circuit of the compressor bearing has responded because one of

the three temperature measurements are too high causing the gas turbine to trip.

Evaluate and explain how you intervene to correct the situation. [10 s]

1. Observe the shutdown procedure of the gas turbine

2. Ensure the proper turning gear operation of the gas turbine

3. Check the bearing temperature measurements for correct function
4. Check the lube oil supply of the affected bearing on site, for example t erature pr re)
5. Inspect the affected bearing for damage

6. Check the lube oil purity for any foreign particles

7. Ascertain the cause of excessive bearing temperature and recti@lait before Wile next start-up of gas

turbine
Scenario 2; [25 marks]
3.4 You are in a Control Room and an audiblgia S d indicating a fire incident that has
occurred in the vicinity of the i ber at a specific Unit. Given this scenario,
se to the incident that has occurred:

a) Explain what happe ible impact to production on a Gas Turbine Unit and
indicate any Five ( that may occur in case of fire in the vicinity of the
Combustion (5 marks)

equipment will be damaged;

r Solenoids will be damaged;

ntire Combustion Chamber will be damaged and require replacement
he Unit must be shutdown resulting in a loss of production or a partial load loss can be
incurredy.
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b) What appropriate actions would you take to address the problem? (20 marks)

1. The Controller must send the Operator to investigate the pending incident;
2. The Controller must inform National Control that there is possible fire on top the chambers
and state that the Field Operator has been instructed to investigate the probable fire incident

to take appropriate action in accordance with Standard Operating Procedures \/

3. The Controller must inform Security Services to take appropriate action in accorda
Standard Operating Procedures

4. The Field Operator has investigatedV and confirmy the incident so that the
down immediately;

5. The Controller must activate the fire alarm and alert the Em ncy Se
appropriate actionV

6. The Controller must inform National Control\ of the Uni the planty

and personnel

7. The Controller will inform the Field Operator to shut-o . 2 diesel supply valves

10. The Controller must coordinate the fire € aroceedings according to safeworking

procedures and applying th Bn protocolsy

TOTAL MARKS: /150

END OF PAPER
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