

















































































































































































































































































































Most significant results: Case I
Minimum level h
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Trip of one pump without valve closure.
Conclusion: h

» After preparing this model, the risk of having pumps
without ratchets that can rotate freely in the other
direction is verified.

e For maximum level, the pump that trips reaches a
maximum negative rotation speed of 400 rpm, (73% of the
rated rotations).

e For minimum level, the pump that trips reaches a
maximum negative rotation speed of -600 rpm, (110% of
the rated rotations).
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Final Conclusions: ﬂ

» One vacuum breaker will be installed in manhole mh1.
Its effective diameter will be 2" with a setflow pressure
of 1.01325 bar (absolute pressure).

e It is necessary to establish the flow control parameters
in order to give the required response to risky
situations that could occur during operation.

* In no case will the pumps be greater than 150% of the
rated regime of rotation in the transients studied in
which they rotate in inversely.
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Setting out the problem (1) h

PURPOSE OF THE STUDY:

. To study the transient behaviour of the pressure in the natural gas
supply grid after a turbine trip or load rejection

. To verify compliance with the requirements indicated by the supplier
of the gas turbine with regard to the pressure variations at the terminal
point of supply

1. Ramp criterion

2. Step criterion

. To verify compliance with any additional requirements from the Owner
For example, no trip of a safety interrupt valve after the shutdown of
the gas turbine.

Transitorios en el Sistema de Suministro de Gas 2. ©2009 EA Internacional

Natural de Ciclos Combinados EcosimPro



Setting out the problem (lI)

GENERAL ISSUES in power plants that have more
than one gas turbine in parallel

GT1
RMS ! GT2
GR : ‘
D :
Trip of a GT:

. Start of pressure transient in the system due to sudden reduction in
gas flow in one of the lines

. The system (regulation valves + piping volume) is not capable of
handling the transient, and another turbine could trip.
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Setting out the problem (lII)

GENERAL ISSUES in power plants that have one gas
turbine

RMS GT2

GT trip:

. If the system volume is not sufficient, over-pressure could result
causing the RMS to trip

Load rejection:

. The sudden reduction of gas flow at the turbine inlet (from 100% to
25%) could cause a pressure transient, causing the turbine to trip.
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Setting out the problem (IV) h

SUPPLIER'S CRITERIA

At all times the gas pressure at the turbine inlet between
maximum and minimum allowed

During transients:

R i The pressure variation must
Ramp criterion ‘ not exceed a ramp of 1%
per second
Does not
comply
Step criterion The pressure step in ‘
five seconds must not

exceed 5%

Transitorios en el Sistema de Suministro de Gas _5. ©2009 EA Internacional
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Regulating and Metering Station hﬁ

NATURAL GAS CONDITIONING EQUIPMENT (1)

Regulation ramp

‘ CONDITIONING EQUIPMENT @

CONDITIONING EQUIPMENT @
CONDITIONING EQUIPMENT @

Distribution
Network

Supply Line
PRy RMS —

S

NATURAL GAS SYSTEM
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Regulating and Metering Station

NATURAL GAS CONDITIONING EQUIPMENT (l1)

FILTERING
m Y K\

TO CONDITIONING

EQUIPMENT OF THE GT

|

s 1

REGULATION METERING

©2009 EA Internacional
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Regulating and Metering Station

NATURAL GAS CONDITIONING EQUIPMENT (I11)

*Gas filtering and heating before it enters the turbine
*Generally there are several modules:

=Filter to eliminate liquids

=Scrubber to filter out particles

=\Water-gas heater and electric heater

Inlet |

Filter

Heater

Water-Gas

=
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System model in EcosimPro (1)
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System model in EcosimPro (ll)

RMS

==

- . - ==L~
Regulator Pgs_TF8_3 Regulator
Monitor Active

The pressure setting of the regulators is
different on sequential opening

Pressure
measurement
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System model in EcosimPro (lll) H

CONDITIONING EQUIPMENT AND GAS TURBINE
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Pressure Regulating Valve (I)

The pressure regulation system comprises two
regulators:
. Active regulator: Normally regulates

. Monitoring regulator Actuates in the event of failure
of the active regulator

TELECONTIOL

ToMA_SEOUmBAD wis
A ToMa DE SERAES = ‘

A
e

— TOMA DE SERMCS

A TOMA DE
SERALES

CONTROL DEL RECULADOR
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RPN OTO
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i Be REGULAC 1593
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Pressure Regulating Valve (Il)

Prepilot

Body of the globe valve

with diafragm actuator

s en el Sistema de Sumini ©2009 EA Internacional
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EcosimPro model of the Pressure regulating ”
Valve (1)

SIMPLIFIED MODEL (CONTROL BLOCKS)

Caontroladar
P >

Integrator

Limitador
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Max_stroke

Calculation and
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speed

Error in regulated pressure
(Opening)

onversor

Invarse  Prod3
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SignalFail

Maximum Ky_law

Aceleracion  “elocidad Stroke

— Calculation of the
valve opening
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EcosimPro model of the Pressure regulating .
Valve (1)

FLUID-MECHANICAL MODEL
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Simulation in EcosimPro L

TRIP OF A GAS TURBINE (1)

Initial condition:
All 6 turbines are in operation at 100% load.
Start of the transient

At instant t=200 s, one of the gas turbines trips, reducing the gas flow
entering the turbine from 100% to 0% in 1 second.

100% @
—
GT2
RMS Cor)
-
-
GT6
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Simulation in EcosimPro

TRIP OF A GAS TURBINE (I1)

EVOLUTION OF THE PRESSURE

Gas Turbine Inlet Pressure
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Simulation in EcosimPro

TRIP OF A GAS TURBINE (lll)

OPENING OF THE VALVES

Regulation Valves Stroke

EcosimPro
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Simulation in EcosimPro

TRIP OF A GAS TURBINE (1V)

VALVE SPEED Regulation Valves Stroke's Speed

‘ ‘ | — Reg Mon 1]
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I
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Conclusions

. FOR THE DESIGN

1.  The results of the transients with EcosimPro allow validation of the specified
valves in order to comply both with the requirements of the gas turbine
supplier and of the owner.

2. To study the alternatives to reduce the maximum pressure during the
transient:

. Additional volume required so as to comply with the requirements
. Devices to accelerate the regulation valves

3. In the event of not complying with the requirements of the turbine supplier
the design of the RMS can be modified to incorporate control valves instead
of self-regulating valves

. FOR OPERATION

1. Using the model it is easy to adjust the set-points of the valves so as to
assure their behaviour during transient and static situation.
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