From: John Stevens

To: John Bryant; Craig Bortle

Cc: Sherri Meyer; Eliot Tousson; Joaguin Mavares; Omar Petit
Subject: FW: OK 440- Bachaquero -Tamare -Flushing activities
Date: Friday, July 30, 2010 8:13:53 AM

Attachments: Manuais.msa

John,

We need a quote on this. (Scope of Work, cost sheet and proposal) Sherri will have final review
before we submit. Please put the attached document into document control.

John D Stevens Jr
Vice President Sales

ProEnergy Services
2001 ProEnergy Blvd.
Sedalia, Missouri 65301
660-829-5100 office
660-829-1160 fax

660-287-7676 cell

http://www.proenergyservices.com
This e-mail is the property of ProEnergy Services, LLC and/or its relevant affiliate and may contain confidential and privileged material for the sole

use of the intended recipient (s). Any review, use, distribution or disclosure by others is strictly prohibited. If you are not the intended recipient (or
authorized to receive for the recipient), please contact the sender or reply to ProEnergy Services at chowatt@proenergyservices.com and delete all
copies of the message. This e-mail (and any attachments hereto) are not intended to be an offer (or an acceptance) and do not create or evidence a
binding and enforceable contract between ProEnergy Services LLC (or any of its affiliates) and the intended recipient or any other party, and may not

be relied on by anyone as the basis of a contract by estoppel or otherwise. Thank you.

From: Luis Andrade [mailto:luis.andrade@pt.ferrostaal.com]
Sent: Friday, July 30, 2010 7:53 AM

To: John Stevens

Cc: Luis Lamas; Jean-Claude Hecht; Alexandre Simoes
Subject: OK 440- Bachaquero -Tamare -Flushing activities

Dear Mr. Stevens,

In the sequence of the contact done thru Mr. Lamas, and with the objective of having from your
company a quotation for the flushing operations , in BACHAQUERO and TAMARES power plants,
here are some additional information that will enable your company to make quotation:

Project presentation:

Currently FERROSTAAL is building two Combine Cycle Power Plants (CCPP) in Venezuela , both
CCPP are going to be built in Bachaquero area although one has been previous foresee for

Tamares. Bachaquero is a town on the East cost of Maracaibo lake.

Each power plant has a multi-shaft configuration, having two GT, two Generators GT, one ST and
one Generator ST, with a total power output of 500 Mw per plant.

Equipment type:


mailto:/O=FIRST ORGANIZATION/OU=FIRST ADMINISTRATIVE GROUP/CN=RECIPIENTS/CN=JSTEVENS
mailto:jbryant@proenergyservices.com
mailto:cbortle@proenergyservices.com
mailto:smeyer@proenergyservices.com
mailto:etousson@proenergyservices.com
mailto:jmavares@proenergyservices.com
mailto:opetit@proenergyservices.com
http://www.proenergyservices.com/
mailto:chowatt@proenergyservices.com

Manuais

		From

		Miguel Felisberto

		To

		Luis Andrade

		Recipients

		luis.andrade@pt.ferrostaal.com





As per your request.
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Steam Turbines
Technical Data
HMN, KN, HE, DN, E Series

Specifications
Turbine Oil

Introduction

This specification describes the requirements for turbine
oil used as lubricating oil for Siemens steam turbosets.
Only turbine oils shall be used, which have been approved
according to the technical purchasing specification TLV
9013 04. A list of approved turbine oils is available. Special
regulations apply for turbosets with gearbox.

Requirements

According to this specification turbine oil is a mineral oil
or a synthetic oil containing additives to increase corrosion
protection and ageing stability. Dependent on the turbine
design only turbine oil of the viscosity classes ISO VG 32 or
ISO VG 46 according to DIN 51 519 shall be used.

Turbine oil normally is a paraffin based mineral oil
consisting of a mixture of saturated hydrocarbons. A defined
composition cannot be given on account of the quantity of

Requirements for as-delivered condition

different components. The criterion of selection for use as
turbine oil is the physical condition. The admixed additives
must not have any negative effects on the materials of the oil
system. They must not contain organometallic compounds
(e.g. organic zinc compounds).

The turbine oil must be capable of withstanding
temperatures in turboset components (e.g. bearings,
couplings) of max. 120 °C (248 °F) and oil tank temperatures
of max. 80 °C (176 °F) without physical or chemical
degradation of the oil character. It must be miscible with
traces (max. 4% by volume) of turbine oils of another kind
but same base (mineral or synthetic). There should be no
deterioration of the turbine oil in the presence of such trace
quantities. The turbine oil must not represent a safety or
health hazard to the persons working with it providing that
normal good industrial hygiene practices are followed.

= numerical . test method
2 property unit
3 value DIN / ISO ASTM
% kinematic viscosity at 40 °C (104 °F)
%: ISO VG 32 28.8-35.2 mm?/s DIN 51 562-1 ASTM D 445
% ISO VG 46 41.4-506 mm?/s
% air release at 50 °C (122 °F) <4 min DIN 51 381 ASTM D 3427
§ neutralization number <0.20 mg KOH/g DIN 51 558-1 ASTM D 974
g water content <100 mg/kg DIN 51 777-1 ASTM D 1744
E; foaming at 25 °C (77 °F)
T I G L ek
§ stability < 450 s
® water separability <300 s DIN 51 589-1 -
demulsibility <20 min DIN 51 599 ASTM D 1401
density at 15 °C (59 °F) <900 kg/m3 DIN 51 757 ASTM D 1298
flash point
ISO VG 32 > 160 (>320) °C (°F) ISO 2592 ASTM D 92
ISO VG 46 > 185 (> 365) °C (°F)
pour point <-6(<21.2) °C (°F) ISO 3016 ASTM D 97
cleanliness level TCIQSZ;‘ - ISO 4406 (NAS 1638)
a colour <2 - DIN ISO 2049 ASTM D 1500
g corrosion effects to copper < 2-100A3 - DIN EN ISO 2160 ASTM D 130
ﬁ corrosion protection against steel <0-B - DIN 51 585 ASTM D 665
o
§ igfri]r;gercgfatlzcztggztiﬁs: increase of neutralization <20 mg KOH/g DIN 51 587 ASTM D 943
Siemens AG MA &MDA 1.1.3-41000-00001/1

Power Generation

0204E

Siemens Power Generation Group
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Technische Liefervorschrift

Juli 1999

Turbinenol

TLV 9013 04

Technical Purchasing Specification:
Turbine Oil

1. Geltungsbereich

Diese Liefervorschrift (TLV) gilt fur die Beschaffung
von Turbinendlen, die zur Schmierung und teilweise
auch zur Steuerung und Regelung von Siemens-
Dampf- und Gasturboséatzen mit und ohne Getriebe
verwendet werden.

2. Mitgeltende Normen

DIN 51 562-1, DIN 51 381, DIN 51 558-1,

DIN 51 777-1, 1ISO 6247, DIN 51 589-1, DIN 51 599,
DIN 51 757, DIN ISO 2592, 1ISO 3016, ISO 5884,
ISO 4406, DIN ISO 2049, DIN EN ISO 2160,

DIN 51 585, DIN 51 587, DIN 51 354, ASTM D 445,
ASTM D 3427, ASTM D 974, ASTM D 1744, ASTM
D 892, ASTM D 1401, ASTM D 1298, ASTM D 92,
ASTM D 97, ASTM D 1500, ASTM D 130, ASTM

D 665, ASTM D 943, ASTM D 5182.

3. Allgemeine Anforderungen

3.1 Art des Turbinendles

Unter Turbinendl nach dieser TLV ist ein Mineraldl
oder ein synthetisches Ol mit Wirkstoffen zur Erhé-
hung des Korrosionsschutzes und der Alterungsbe-
standigkeit zu verstehen. Turbinendle, die zur Ge-
triebeschmierung eingesetzt werden, kdnnen zu-
satzlich Wirkstoffe zur Erhdhung der Belastbarkeit
und zur Herabsetzung des Verschleiles enthalten.

3.2 Chemische Zusammensetzung

Bei Turbinendl handelt es sich in der Regel um pa-
raffinbasisches Mineraldl, bestehend aus einem
Gemisch gesattigter Kohlenwasserstoffe; eine defi-
nierte Zusammensetzung kann wegen der Vielzahl
unterschiedlicher Bestandteile nicht gegeben wer-
den. Auswahlkriterium fiir die Verwendung als Tur-
binendl ist die physikalische Beschaffenheit.

Die zugemischten Wirkstoffe (Additive) diirfen keine
nachteiligen Auswirkungen auf Werkstoffe des
Olsystems haben. Sie diirfen keine metall-organi-
schen Verbindungen (z.B. organische Zinkverbin-
dungen) enthalten.

Energieerzeugung (KWU)

Ersatz fur Ausgabe 09.96
Replacement for issue  09.96

1. Scope of this specification

This specification (TPS) is valid for procuring
turbine oils used as lubricating oils and particulary
as control and governor oils for Siemens steam and
gas turbosets with and without gearbox.

2. Referenced documents

DIN 51 562-1, DIN 51 381, DIN 51 558-1,

DIN 51 777-1, ISO 6247, DIN 51 589-1, DIN 51 599,
DIN 51 757, DIN ISO 2592, ISO 3016, ISO 5884,
ISO 4406, DIN ISO 2049, DIN EN ISO 2160,

DIN 51 585, DIN 51 587, DIN 51 354, ASTM D 445,
ASTM D 3427, ASTM D 974, ASTM D 1744, ASTM
D 892, ASTM D 1401, ASTM D 1298, ASTM D 92,
ASTM D 97, ASTM D 1500, ASTM D 130, ASTM

D 665, ASTM D 943, ASTM D 5182.

3. General requirements

3.1 Type of turbine oil

According to this TPS turbine oil is a mineral oil or a
synthetic oil containing additives to increase
corrosion protection and ageing stability. Turbine
oils used for gear lubrication may additional contain
additives to increase the load capacity and to
decrease wear.

3.2 Chemical composition

Usually turbine oil is a paraffin based mineral oil
consisting of a mixture of saturated hydrocarbons; a
defined composition cannot be given on account of
the quantity of different components. The criterion
of selection for use as turbine oil is the physical
condition.

The admixed additives must not have any negative
effects on the materials of the oil system. They must
not contain organometallic compounds (e.g. organic
zinc compounds).

Fortsetzung Seite 2 bis 4
Continued page 2 to 4

STM9.3
gez. Quick

gepriift: STM1.4
checked: gez. Sand

freigegeben:
released:

Siemens AG erstellt:

prepared: gez. Volkmann
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3.3 Thermische Belastbarkeit

Das Turbinendl muft so beschaffen sein, daf® durch
Temperaturen von max. 120°C in Maschinenkom-
ponenten (z.B. Lager, Kupplung, Getriebe) und von
max. 80°C im Olbehlter keine negativen Verande-
rungen der Oleigenschaften auftreten.

3.4 Vertraglichkeit

Das Turbinendl mufl mit Restmengen (max. 4 Vol.-
%) eines anderen Turbinendles gleicher Basis
(mineralisch oder synthetisch) mischbar sein, chne
daR negative Anderungen der Oleigenschaften
eintreten.

3.5 Physiologische Eigenschaften

Das Turbinendl mulk so beschaffen sein, daf bei
Einhaltung der erforderlichen Hygienemafinahmen
keine Gesundheitsgefahrdung fiir die damit arbei-
tenden Personen auftritt.

3.6  Physikalische und chemische Eigenschaften

3.3 Thermal stability

The turbine oil must be capable of withstanding
temperatures in turboset components (e.g. bearings,
couplings, gearboxes) of max. 120°C and oil tank
temperatures of max. 80°C without physical or
chemical degradation of the oil properties.

3.4 Compatibility

The turbine oil must be miscible with remaining
quantities (max. 4% by volume) of turbine oil of
another kind but same base (mineral or synthetic).
There should be no deterioration of the turbine oil
properties in presence of such small quantities.

3.5 Physiological consideration

The turbine oil must not represent a safety or health
hazard to the persons working with it providing that
normal good industrial hygiene practices are

followed.

3.6 Physical and chemical properties

Eigenschaft Zahlenwert Einheit Prifverfahren / test method
property value unit DIN / ISO ASTM
Kinematische Viskositat bei 40°C")
kinematic viscosity at 40°C "
ISO VG 32 28.8-35.2 mm?/s DIN 51 562-1 ASTM D 445
ISO VG 46 41.4-50.6 mm?/s
';g};?;;;’;ffggf?ge” bei 50°C <4 min DIN51381 | ASTM D 3427
Neutralisationszahl
neu{rqﬁzat.-'on number
DA AN <0.20 mgKOH/g | DIN51558-1 | ASTM D974
b. Ol mit EP/AW-Additiven
oil with EPIAW additives <0.30 mg KOH/g
ﬂ;ﬁfiﬁ;‘;ﬂ} <100 ma/kg DIN 51777-1 | ASTM D 1744
Schaumverhalten bei 25°C
foaming at 25°C: ISO 6247 ASTM D 892
Schaumbildung / tendency <400 ml (Seq. 1) (Seq. 1)
Schaumbesténdigkeit / stability <450 s
Wasserabscheidevermdgen
water separability <300 s DIN 51 589-1 -
ng?";gg%f’"mge" <20 min DIN51599 | ASTM D 1401
géf?'g'fyb;' :gg <900 kg/m?® DIN51757 | ASTMD 1298
Flammpunkt / flash point
ISO VG 32 > 160 °C DIN ISO 2592 ASTM D 92
ISO VG 46 >185 °C
Egﬁ:gg:r?; <-6 °C 1SO 3016 ASTM D 97

Siemens Power Generation Group “This document contains proprietary information. It is submitted in
confidence and is to be used solely for the purpose for which it is furnished
and returned upon request. This document and such information is not to be
reproduced, transmitted, disclosed, or used otherwise in whole or in part

without written authorization.”
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3.6  Physikalische und chemische Eigenschaften 3.6  Physical and chemical properties

(Fortsetzung) (continued)
Eigenschaft Zahlenwert Einheit Priifverfahren / test method
property value unit DIN / ISO ASTM
Reinheitsgrad ? test: 1SO 5884
cleanliness level ¥ <1714 ) result: ISO 4406 .
Farbe
colour <2 - DIN ISO 2049 ASTM D 1500
Korrosionswirkung auf Kupfer
corrosion effect to copper £2-100A3 ) DINEN IS0 2160 ASTM D 130
Korrosionsschutz gegeniber Stahl 0-B (DIN)
corrosion protection against steel pass (ASTM) . DIN 51 585 ASTM D 665
Alterungsverhalten: Zunahme der
Neutralisationszahl nach 2500 h
ageing characteristics: increase of <20 mg KOH/g DIN 51 587 ASTM D 943
neutralization number after 2500 h

1) Die Viskositatsklasse wird von der zustéandigen Konstruktionsabteilung festgelegt.
The viscosity class is determined by the responsible design department.

2) Der Reinheitsgrad des Oles bezieht sich auf den Anlieferungszustand. Die geforderte Reinheit im System wird sys-
temspezifisch festgelegt und muR durch geeignete Malnahmen (z.B. Filtrierung, Separierung) sichergestellt werden.
The cleanliness level refers to the oil condition on delivery. The required system cleanliness is dependent upon the
system design. Suitable measures (e.qg. filtration, separation) have to be taken to guarantee this cleanliness level.

3.7  Zusatzliche Anforderung an Getriebe- 3.7 Additional requirement on turbine oils for use
turbinendle in gearboxes
Eigenschaft Zahlenwert Einheit Priifverfahren / test method
Property value Unit DIN / ISO ASTM
FZG-Test; A/8,3/90
Schadenskraftstufe
failure load stage >8 - DIN 51 354 ASTM D 5182
4. Musterpriifung und Freigabe 4. Pattern test and approval

Fur die Freigabe eines Turbinendls nach dieser TLV
ist folgender Verfahrensablauf vorgesehen:

To gain approval for a turbine oil the following
procedure is provided:

a) Diese TLV wird dem Hersteller bzw. Lieferanten
zur Verfligung gestelit.

b) An Siemens AG Energieerzeugung (KWU) STM9
ist ein Erstmuster (5 kg) zu liefern. Das Gebinde

a) This TPS is placed at the manufacturer's or sup-
plier's disposal.

b) An initial sample (5 kg) should be delivered to
Siemens AG Power Generation (KWU) STM9.

muf} eine eindeutige Produktbezeichnung sowie
den Namen des Herstellers bzw. Lieferanten
aufweisen. Der Lieferung ist ein Erstmusterpriif-
bericht nach Pkt. 3.6 und ggf. Pkt. 3.7 dieser
TLV beizulegen, der die Ist-Werte des Musters
beinhalten muf. Weiterhin ist eine Be-
scheinigung uber die Erflllung der Anforderun-
gen nach Pkt. 3.3 - 3.5 dieser TLV beizufiigen.
Den Unterlagen ist ein aktuelles Sicherheits-
datenblatt beizulegen.

The container must show a clearly indicated pro-
duct name, also the name of the manufacturer or
supplier. The manufacturer or supplier must
have already established the conformity of his
product to the specification given under point 3.6
and, if occasion arises, point 3.7. He must supply
a copy of his test report with the sample.
Furthermore it must be certified that the
requirements given under point 3.3 - 3.5 are met.
A safety data sheet must be attached.

Siemens Power Generation Group “This document contains proprietary information. It is submitted in
confidence and is to be used solely for the purpose for which it is furnished
and returned upon request. This document and such information is not to be
reproduced, transmitted, disclosed, or used otherwise in whole or in part
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c) Andem Erstmuster fuhrt Siemens AG Energie-
erzeugung (KWU) STM9 nach eigenem Er-
messen und auf Grundlage dieser TLV Prifun-
gen durch. Die vom Lieferanten bescheinigten
Prifergebnisse dirfen von denen durch Siemens
AG Energieerzeugung (KWU) STM9 ermittelten
nur um die Vergleichbarkeit des jeweiligen
Prifverfahrens abweichen.

Nach positivem Priifergebnis erfolgt die Freigabe
des Turbinendls. Das Produkt wird in die Freiga-
beliste fur Turbinendle nach dieser TLV
aufgenommen.

o
=

Die Freigabe entbindet den Lieferanten nicht von
der Verantwortung fir die Qualitat seines Pro-
duktes. Jede Anderung des Produktes sowie sei-
nes Herstellungsverfahrens ist Siemens AG
Energieerzeugung (KWU) STM9 sofort unauf-
gefordert mitzuteilen. In der Regel wird in sol-
chen Fallen ein neues Freigabeverfahren durch-
gefuhrt.

5. Lieferung und Dokumentation

Rechtzeitig vor jeder Lieferung teilt der Lieferant
dem Besteller die Prifergebnisse jeder fir die
Lieferung verwendeten Charge schriftlich mit.

Fur jede Carge sind die Prifergebnisse folgender
Parameter vorzulegen:

Viskositat, Luftabscheidevermdgen, Neutralisations-
zahl, Wassergehalt, Schaumverhalten, Wasser-
abscheidevermogen bzw. Demulgiervermdgen.

Die Lieferung des Turbinendls erfolgt in gereinigten
Gebinden, die mit einer eindeutigen Produkt- und
Chargen-Kennzeichnung versehen sind.

Vor dem Befiillen des Olsystems ist eine 1-Liter-
probe, bei verschiedenen Chargen eine zu gleichen
Teilen gemischte 1-Literprobe zu nehmen und dem
Besteller zur Verfligung zu stellen.

Bei Turbosatzen mit Getriebe betragt die Probe-
menge 3 Liter.

6. Befiillen

Die Befiillung des Olsystems wird durch den Liefe-
ranten in Eigenverantwortung und zu seinen Lasten
vorgenommen. Das Befllen erfolgt Gber eine Fil-
teranlage und muf® nach max. 24 Stunden beendet
sein. Die Porenweite der Filter darf 40 um nicht
Uberschreiten.

Weitere Serviceleistungen sind vom Besteller mit
dem Lieferanten zu vereinbaren.

7. Sondervereinbarungen

Sondervereinbarungen, die Abweichungen von den
Anforderungen dieser TLV beinhalten, bedurfen der
Genehmigung durch den Besteller. Sie sind
schriftlich festzulegen.

c) The initial sample will be tested by Siemens AG
Power Generation (KWU) STM9 according to
this TPS. The test results certified by the
supplier may vary from those obtained by
Siemens AG Power Generation (KWU) STM9
only by the reproducibility of the respective test
procedure.

Providing that the specification is met, the
turbine oil will be approved. The product will be
published in the list of approved turbine oils
according to this TPS.

d) The approval does not release the supplier from
his responsibility for the quality of the product.
Siemens AG Power Generation (KWU) STM9
must be informed without fail in case of any
alteration in the product or manufacturing
process. In this case a new approval will be
necessary.

5. Delivery and documentation

In good time prior to delivery the supplier has to in-
form the purchaser in writing of the test results of
the batches proposed for delivery.

For each batch the test results of the following
parameters have to be submitted:

viscosity, air release, neutralization number,

water content, foaming, water separability and
demulsibility respectively.

The turbine oil must be delivered in cleaned
containers. They must show a clearly indicated
product name and batch number.

Before filling the system a 1 litre sample is to be ta-
ken and sent to the purchaser. In the case of
different batches the supplier will blend a 1 litre
sample from those batches.

For turbosets with gearbox a sample quantity of 3
litres is required.

6.  Filling

Filling of the system shall be done by the supplier at
his own risk and expense.

Filling must be done through a filter unit having a
maximum mesh size of 40um. Filling must be
finished within max. 24 hours.

Additional services must be agreed between
purchaser and supplier.

7. Special agreements

Special agreements concerning variations from the
requirements of this TPS need authorization by the
purchaser. They must be agreed in writing.

Siemens Power Generation Group “This document contains proprietary information. It is submitted in
confidence and is to be used solely for the purpose for which it is furnished
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Liste der freigegebenen Turbinendéle nach TLV 9013 04
Issue: March 2004 / Ausgabe: Mérz 2004

Seite 1 von 4

Die Technische Liefervorschrift TLV 9013 04
gilt fiir die Beschaffung von Turbinendlen ftir
Siemens Dampf- und Gasturbosétze.
Turbinendle, die nach TLV 9013 04 untersucht
und freigegeben wurden, sind in der folgenden
Freigabeliste aufgefiihrt. Die Freigabe entbindet
den Lieferanten nicht von der Verantwortung flir
die Qualitét seines Produktes.

The technical purchasing specification TLV
9013 04 is valid for purchasing turbine oils for
Siemens steam and gas turbosets.

Turbine oils that were tested and approved
according to TLV 9013 04 are shown in the
following approval list. The approval does not
release the supplier from his responsibility for
the quality of the product.

Achtung: Bei der Auswahl eines Ols muss
die fiir den jeweiligen Turbosatz festgelegte

Attention: The selection must be made
under consideration of the viscosity class

determined for the turboset. Turbosets with
gearbox need special turbine oils suitable
for gearbox lubrication.

Dates about the viscosity class and the suitabi-

Viskositétsklasse beachtet werden. Bei
Turbosatzen mit Getriebe muss ein
Getriebeturbinendl ausgewahlt werden.

Die jeweilige Viskositédtsklasse und die Angabe,

ob es sich um ein Getriebeturbinend! handelt,
finden sich in der folgenden Tabelle. Getriebe-
turbinendle kénnen auch in Turbinen ohne Ge-
triebe eingesetzt werden. In dem Fall wird Riick-
sprache mit Siemens PG S329 empfohlen.

lity for gearbox turbosets can be found in the
following table. Turbine oils for the use in turbi-
nes with gearbox may also be used for turbosets
without gearbox. In this case consultation of
Siemens AG PG S329 is recommended.

manufacturer / supplier product name ISO VG class for turbosets
Hersteller | Lieferant Produktbezeichnung ISO VG-Klasse | with gearbox
fiir Turbosétze
mit Getriebe

Addinol TL 46 48

Addinol TL 32 32

Addinol TP 32 32 X
Addinol TP 46 46 X
Adnoc Turbine Oil E32 32

Adnoc Turbine Oil E46 46

Agip OTE 32 32

Agip OTE 46 46

Apar Industries Ltd. Power Turbo 32 32 X

Apar Industries Ltd. Power Turbo 46 46 X

Aral Kosmol TF 32 32 X

Aral Kosmol TF 46 46 X

BP Turbinol 32 32

BP Turbinol 46 46

BP Turbinol 32 EP 32 X

BP Turbinol 46 EP 46 X

BP Turbinol Select 32 32

BP Turbinol X 32 32

BP Turbinol X 46 46

BP Turbinol X EP 32 32 X

BP Turbinol X EP 46 46 X

Caltex by a ChevronTexaco company Caltex Regal R&0O 32 32

Caltex by a ChevronTexaco company Caltex Regal R&0O 46 46

Caltex by a ChevronTexaco company Caltex Regal EP 32 32 X

Caltex by a ChevronTexaco company Caltex Regal EP 46 46 X

Caltex by a ChevronTexaco company Caltex Regal Premium EP 32 32 X

Caltex by a ChevronTexaco company Caltex Regal Premium EP 46 46 X
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Castrol Perfecto T 32 32
Castrol Perfecto T 46 46
Castrol Perfecto AWT 32 32
Castrol Perfecto AWT 46 46
Castrol Perfecto HPT 32 32
Castrol Perfecto HPT 46 46
Castrol Perfecto IP105 32 X
Castrol Turbine Qil 32 32
Castrol Perfecto XPT 32 32
Castrol Perfecto XPT 46 46
Castrol Perfecto XPG 32 32 X
Castrol Perfecto XPG 46 46 X
C&C Oil Company Precision 1ISO-32 Turbine Oil 32
Cepsa Turbinas EP 32 32 X
Cepsa Turbinas EP 46 46 X
Chevron by a ChevronTexaco company Chevron GST Oil ISO 32 32
Chevron by a ChevronTexaco company Chevron GST Qil ISO 46 46
Chinese Petroleum Corp. Turbine Oil SR32 32
Chinese Petroleum Corp. Turbine Oil SR46 46
Conoco Hydroclear Diamond Class Turbine Oil 32 32
Conoco Hydroclear Diamond Class AW Turbine Oil 32 32 X
Conoco Hydroclear Turbine Oil 32 32
Conoco Hydroclear Turbine Oil 46 46
Conoco Hydroclear Turbine Oil Plus 32 32
Conoco Hydroclear Turbine Oil Plus 46 46
ENOC Vortex 32 32 X
ENOC Vortex 46 46 X
ENOC Vortex GT-2 32 32 X
ENOC Vortex GT-2 46 46 X
Esso/Exxon by ExxonMobil Teresstic T 32 32
Esso/Exxon by ExxonMobil Teresstic T 46 46
Esso/Exxon by ExxonMobil Teresstic EP 46 46 X
Esso/Exxon by ExxonMobil Teresstic GT 32 32
Esso/Exxon by ExxonMobil Teresstic GT 46 46
Esso/Exxon by ExxonMobil Teresstic GTC 32 32
Esso/Exxon by ExxonMobil Teresstic GT EP 32 32 X
Esso/Exxon by ExxonMobil Teresstic GT EP 46 46 X
Fergananef-Teorgsintez (LMZ) TP-22S 32
Fuchs Europe Schmierstoff GmbH | Renolin DT 2 46
Fuchs Europe Schmierstoff GmbH | Renolin TDL 46 46
Fuchs Europe Schmierstoff GmbH | Renolin TGD 32 / Renolin Eterna 32 32 X
Fuchs Europe Schmierstoff GmbH | Renolin TGD 46 / Renolin Eterna 46 46 X
Fuchs Lubricants Co. Renolin HC EP 32 32
Great Wall Lubricating Oil Group Sinopec Great Wall S-TLV 32 32
Great Wall Lubricating Oil Group Sinopec Great Wall S-TLV_EP 32 32 X
Gulf Qil International Gulf Crest 46 46 X
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HPC (Hindustian Petroleum Corp.) | Turbinol 32 32

HPC (Hindustian Petroleum Corp.) | Turbinol 46 46

HPC (Hindustian Petroleum Corp.) | Turbinol XT 32 32 X

HPC (Hindustian Petroleum Corp.) | Turbinol XT 46 46 X

Imperial Oil Oil 1893 32 X

Imperial Oil Qil 2062 46 X

Indian Qil Corp. (I0C) Servoprime 32 32

Indian Oil Corp. (I0C) Servoprime 46 46

Indian Qil Corp. (IOC) Servoprime 32T 32 X

Indian Qil Corp. (ICC) Servoprime 46T 46 X

Kuwait Petroleum Q 8 van Gogh 32 32

Kuwait Petroleum Q 8 van Gogh 46 46

MEXLUB Turbinas AW 46 46 X

Mobil by ExxonMobil Mobil DTE 798 46

Mobil by ExxonMobil Mobil DTE 797 32

Mobil by ExxonMobil Mobil DTE 832 32 X

Mobil by ExxonMobil Mobil DTE 846 46 X

Mobil by ExxonMobil Mobil SHC 824 32 X

Mobil by ExxonMobil Mobil SHC 825 46 X

MOL Turbokomol 46 KS 46

Nippon Mitsubishi Oil FBK Turbine 32 32

Novo Ufimskij TP-22B 32

oMV OMV turb TD 32 32

oMV OMV turb TD 46 46

oMV OMV turb HTU-SI 32 32 X

oMV OMV turb HTU-SI 46 46 X

Petrobras Marbrax TR-32 32

Petrobras Marbrax TR-46 46

Petrogal Galp Turbinoil 46 46

Prista Oil Prista TP 32 32

Prista Oil Prista TP 46 46

QALCO Turbine OIil T 46 46 X

Repsol Repsol Turboaries 1SO-32 32

Repsol Repsol Turboaries 1SO-46 46

Repsol Aries Turbogas ISO 32 32 X

Repsol Aries Turbogas ISO 46 46 X

Savita Chemicals Ltd. Daphne Super Turbine Fluid AW 46 46 X

Shell Turbo Oil CC 32 32 X

Shell Turbo Qil CC 46 46 X

Shell Turbo Oil T 32 32

Shell Turbo Oil T 46 46

Shell Turbo Oil S 32 32 X

Shell Turbo Oil S 46 46 X

Shell Turbo Oil GT 32 32

Shell Turbo Oil GT-EP 32 X
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SRS Schmierstoff Vertrieb Wintershall Wiolan DW 32 32
SRS Schmierstoff Vertrieb Wintershall Wiolan DW 46 46
SRS Schmierstoff Vertrieb Wintershall Wiolan DW-G 32 32 X
SRS Schmierstoff Vertrieb Wintershall Wiolan DW-G 46 46
SRS Schmierstoff Vertrieb Wintershall Wiclan GT 32 32
SRS Schmierstoff Vertrieb Wintershall Wiclan GT 46 46
Statoil TurbWay 32 32 X
Statoll TurbWay 46 46 X
Statoll TurbWay GT 32 32 X
Statoll TurbWay GT 46 46 X
Texaco by a ChevronTexaco company Texaco Regal EP 32 32 X
Texaco by a ChevronTexaco company Texaco Regal EP 46 46 X
Texaco by a ChevronTexaco company Texaco Regal Premium EP 32 32 X
Texaco by a ChevronTexaco company Texaco Regal Premium EP 46 46 X
Texaco by a ChevronTexaco company Texaco Regal Premium R&O 32 32
Texaco by a ChevronTexaco company Texaco Regal Premium R&O 46 46
Total Preslia 32 32 X
Total Preslia 46 46 X
Total Preslia GT 32 32 X
Total Preslia GT 46 46 X
YPF Turbina R 32 32
YPF Turbina R 46 46
YPF Turbina EP 32 32 X
Yukong Limited Yukong Turbine Oil 32 32
76 Lubricants Company 76 Turbine Oil 32 32
76 Lubricants Company 76 Turbine Oil 46 46
76 Lubricants Company 76 Turbine Qil XD 32 32
76 Lubricants Company 76 Turbine Qil XD 46 46
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1 INTRODUCTION

The intent of this document is to define minimum requirements for flushing and cleaning
procedures used for piping of control fluid systems connected to electro-hydraulic actuators
supplied by SIEMENS PG (Steam Turbine Division).

Remark:

This document must be read carefully and must be fully understood before starting any
flushing and cleaning activity. All work must be carried out by qualified personnel who are
familiar with this procedure and all other documents referenced within this procedure. Failure
to observe this procedure can cause damage to equipment or hazard to personnel.

Control fluid systems are complex systems, mainly consisting of a minimum one or more
centralized hydraulic supply units, electro-hydraulic valve actuators and interconnecting piping.

Size and complexity of control fluid systems require extensive field fabrication and assembly.
Thus, contamination with sand, welding scale, dust, rust, etc., might occur, although
cleanliness at erection has high priority. Contaminants, if not removed, may lead to failure of
the hydraulic actuators or components of the hydraulic supply units, or even pollute the control
fluid so that the specified properties become lost.

Therefore, all contaminants must be removed prior to initial start-up. If any contaminants are
expected after major inspections or repairs, they must also be removed.

The purpose of the cleaning and flushing operation is to provide a control fluid system piping
that is free of particle contaminants which could damage electro-hydraulic actuators or
hydraulic supply units, or influence their operation in a negative way.

This can be accomplished by using a fluid to remove particle contaminants from the pipe wall
and finally flush them out of the system.

Flushing practices and procedures vary greatly. SIEMENS does not prescribe any special
flushing and cleaning method. It is the Clients’ obligation to use an adequate method which
finally ensures the specified cleanliness of the control fluid system piping. SIEMENS
recommends performing high velocity flushing. Whichever method is used, the general
aspects listed below must be followed.

2 SAFETY PRECAUTIONS
All work must be carried out by qualified, well experienced, and authorized personnel.

Activities associated with flushing and cleaning process of a power plant present numerous
conditions that are potentially hazardous, including, but not limited to the following:
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- high temperatures

- high pressures

- combustible or explosive materials

- toxic liquids, chemicals, and vapors

- high voltages

- moving machinery

- heavy components or unergonomic arrangement of them
- high noise levels

Special procedures and instructions are required and must be adhered to by personnel
involved in the flushing and cleaning operations. A safe and reliable procedure for all work
covered by this document must be in place.

Also, the personnel must be familiar with the operating manuals (especially with the safety
instructions) of the hydraulic supply unit and the electro-hydraulic actuators.

Beside these procedures, all applicable safety procedures such as OSHA requirements
(Occupational Safety and Health Administration), regional and local safety requirements, safe
working practices, and good judgment must be used by personnel during the flushing
operation.

All work must be carried out by at least two qualified workers.

Wear protective clothing!

Do not smoke! Open fire is forbidden!
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N

First aid box, fire fighting equipment and fire alarms must be available !

o)

Flushing fluids are potentially hazardous — check safety data sheet!
Oil binding agent must be available.

Rotating machines are potentially hazardous | Electrical equipment is potentially hazardous

- observe suppliers’ safety instructions! - observe electrical safety instructions!

Do not remove or bypass any safety equipment!

Temporary equipment shall be manufactured and installed in accordance with “good
workpractise standards” considering special working conditions during start-up and
commissioning of power plants.

3 CLEANLINESS ACCEPTANCE CRITERIA, MEASUREMENT, AND APPROVAL
3.1 Acceptance Criteria
Cleanliness acceptance criteria of the interconnecting pipes are:
ISO 4406, code 18/15/12 or NAS 1638, gr. 6
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3.2

3.3

These cleanliness criteria provide an upper limit on the size and quantity of particle
contaminants permitted in the piping system.

Measurement of Cleanliness

The measurement of cleanliness should be done with a particle count measuring instrument.
The sample point must be located at the end of the return line.

For continuous flushing procedures (e.g. conventional flushing) at least two successive
samples (at least five minutes between measurements) must fulfill the cleanliness
requirements.

For discontinuous flushing procedures (e.g. high velocity flushing as described in attachment
1), the cleanliness requirements must be fulfilled for at least after two successive flushing
cycles.

Approval

Record sheets of the cleanliness measurement result must be given to SIEMENS Technical
Field Assistent (TFA) for approval. Additionally, the technical specification of the flushing and
cleaning fluid (e.g. safety data sheets or product data sheet) must be handed-over for
information purposes.

GENERAL REQUIREMENTS

Flushing and cleaning must be carried out successfully for all control fluid lines between each
HSU (Hydraulic Supply Unit) and each EHA (Electro Hydraulic Actuator) before the system can
be taken into operation.

Figure 1 shows a single valve arrangement and a combined valve arrangement. Wherever the
hydraulic line branches into two lines (refer to the combined valve arrangement) attention has
to be paid to proper cleaning of every pipe branch.

" HYDRAULIC |  HYDRAULIC |
SUPPLY UNIT | SUPPLY UNIT |
\ |

| |
| |
L r P

Figure 1: Typical arrangement for single valve arrangement and combined valve arrangement
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Pre-fabrication, erection, and mechanical completion must be done for the control fluid system
(including its hydraulic supply units) before starting any flushing and cleaning operation.

The piping of the control fluid system shall be free of any contaminants as far as possible (e.g.
by air blasting in accordance with proven procedures) to shorten the duration of flushing
activity.

It is not permitted to let any fluid pass through the actuators before flushing has been carried
out successful. Therefore, all actuators must be disconnected from the pipe work before
flushing.

The HSUs are not allowed to be used for any flushing and cleaning activity except for the
procedure as described in attachment 1, and for pressure testing of the piping.

Control fluid and flushing fluid must be identical. Flushing fluid can be re-used as control fluid.

Before using the flushing fluid for another cleaning cycle again, or using it as control fluid,
particles must be removed with fine filters (mesh size < 3 um).

All temporary equipment used must be suitable for the design conditions of the system (e.g.
design pressure, temperature range, flow, density, medium resistance, etc.). Special care has
to be taken to ensure proper and tight installation of temporary equipment.

Only clean equipment is allowed to be used.

5 REFERENCES

The following documents must be read and fully understood before starting any activity
described in this procedure:

All P&IDs of the control fluid system (e.g. “Control Qil System”, doc. no. xxxxx-983130,
“Hydraulic Supply Unit”, doc. no. xxxxx-983140)

Remark:
Depending on the quantity of hydraulic supply units and actuators, more P&IDs may also be
valid (e.g. xxxxx-983131, xxxxx-983150).

Specification “Requirements on Control Fluid Piping”, doc. no. xxxxx-980294
Specification for “Control Fluid Piping Design”, doc.No. STIM 03.006
Specification for “Hydraulic Fluid”, doc. No. STIM-05.002

Safety Data Sheet of Control Fluid
Site Safety Instructions

SIEMENS Erection and Installation Manual for Steam Turbines

Vendor Documentation of Hydraulic Supply Unit
Vendor Documentation of Electro-Hydraulic Actuators
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6 ATTACHMENTS

Attachment 1: High Velocity Flushing and Cleaning Procedure

General:

This attachment describes the high velocity flushing procedure using the existing hydraulic supply
unit(s) and special temporary equipment.

SIEMENS’ experience shows that this is the most efficient and successful way to flush and clean
control fluid piping systems.

Chapters 1 to 5 of this procedure have to be followed.

Abbreviations:

MAX: KKS for control fluid system

EHA: electro-hydraulic actuator

HSU: hydraulic supply unit

FRF: fire resistant fluid

FDA: flushing device for actuator

FDH: flushing device for hydraulic supply unit

CVPRV: collecting vessel for returning fluid from pressure relieve valve

CVRF: collecting vessel for returning fluid

Definitions:

Line: any piping of MAX system

MAX line: piping between one HSU outlet connection and EHASs of one valve (incl. return line)
EHA line: piping between a branch of a MAX line and one EHA (incl. return line)

Safety Precautions:
See chapter 2 of this procedure.
Requirements for Temporary Equipment:

For flushing operation, several temporary installations are necessary to protect the HSU and the
EHAs.

The following temporary equipment must be prepared and used for the flushing sequence:

- flushing device for hydraulic supply unit (tank and pump) (FDH)
- flushing device for actuator (FDA)

Siemens Power Generation “This document contains proprietary information. It is submitted in
confidence and is to be used solely for the purpose for which it is furnished
and returned upon request. This document and such information is not to be
reproduced, transmitted, disclosed, or used otherwise in whole or in part
without written authorization.”







Control Fluid System Flushing and Cleaning
Procedure

Steam Turbine Information Manual

Document No.: STIM-11.009
Revision/Date: 0 2005-06-09
Page: 10 of 27

collecting vessel for returning fluid from pressure relieve valve (CVPRV)
collecting vessel for returning fluid (CVRF)

barrel pump unit

particle counter

Remark:

All temporary equipment must be suitable for the hydraulic test of the system.

Flushing Device for Hydraulic Supply Unit (FDH):

The FDH is temporary equipment which is required to prepare the HSU for the flushing procedure.
The equipment contains the following parts:

one (1) FDH (pump side), mainly consisting of hose with safety valve (see figure 3)
one (1) FDH (tank side), mainly consisting of hose with sample connection and block valve
(see figure 4)

R
Tttt
AN
Sttt e e
X%

manifold
connection )
: BT )
i !
2 block valve ote)
L)
R Folet
g o
JE: connection connection
I =y
L-E— LTI
t == safety valve
sample
. . connection
accumulator line connection
Figure 3: FDH (pump side) (typical)

Figure 4: FDH (tank side) (typical)

A complete assembly of required FDHs can be purchased at SIEMENS PG. The drawing number is
xxxxx-983440 (“Flushing Device for Hydraulic Supply Unit (FDH)")

Flushing Device for Actuator (FDA):

FDAs are temporary equipment which must be connected to the lines instead of the EHASs to bypass
the EHAs avoiding particles entering them.

All EHAs must be disconnected from the EHA lines and replaced by FDAs before starting any flushing
operation.
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An FDA consists of pressure line counter flange, connecting pipe, ball valve (shut-off valve), and
return line counter flange (see figure 2).

2

PRESSURE LINE /

1: Pressure line
counter flange

2: Piping

3: Ball valve
(shut-off slide valve)

RETURN LINE

4: Return line
counter flange

Figure 2: FDA (typical)

Remark:
Detail design depends on local conditions (e.g. actuator arrangement, accessibility).Additional elbows
are allowed.

The nominal pipe size of FDAs must be the same or larger than the nominal pipe size of the EHA —
Line to be cleaned.

The dimensions of the pressure line flanges (1 %" / 48.3mm) can be derived from figure 2a. For
smaller sizes (34" / 33.4 or 33.7mm), standard SAE flanges (3000 PSI) are used.

For the pressure line counter flanges, it is recommended to use either SAE 1 % standard flange (6000
PSI) or % standard flange (3000 PSI).

Counter flanges and blind flanges (if required) for the pressure line must have identical dimensions
and pressure ratings like the pressure line flanges.

The dimensions of the return line flange are listed in figure 2b.
For return line counter flange, it is recommended to use SAE % standard flange (3000 PSI). Counter
flanges for the return line must have identical dimensions and pressure ratings like the return line

flanges.

Remark:
Counter flanges and blind flanges shall not have any groove for o-rings.
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Pressure line piping SAE flange halves
Example of the flange of the actuators
Piping:
: C B BB E ) .
Size | Code +095 | +02 | 02 A H HH +0.13 S L L1 o-ring Material Flange halves
DIN 5.0 X6CrNiTi18-10
1/, 1/,
1Y ASME 54.0 | 44.2 | 36.0 | 28.0 | 43.7 | 48.3 | 10.4 508 100 | 40.0 | 37.69x3.53 A312 TP321 SAE 1%, Form H
SAE flange halves:
. Press. Q GG T X D F J T1
Size | Code | Form Rating 0 +0.25 FF +0.25 | #0.25 | #0.25 U v +0.25 | $0.25 | #0.25 R 0.5
DIN 6000
n
1Y ASME H pS 95.0 66.7 78.0 31.8 15.0 2.0 27.0 38.0 54.8 9.8 44.5 14.2 24.0
Figure 2a: Pressure line counter flange (1 ¥2")
Example of the flange of the actuators
=L ol
3 - -
42
Vi d6.0.4
d50 d3
Code d2 d5 deé hl h2 k | rl r2 r3 t o-ring
DIN 33.7 2.0 33.0 1.85 | 36.5x
38.0 | 11.0 | 413 | 333 6.0 68.0 | 75.0 0.6
ASME | 334 2.6 16.0 16.0 25 +0.1 | 2.65
DIN 48.3 | 3.38 ' 35.0 ' ' 25 |535x
ASME | 283 | 368 53.0 | 135 | 59.6 | 49.6 7.0 85.0 | 90.0 1.2 +02 | 355
Figure 2b: Return line counter flange
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Pressure line piping SAE flange halves
Example of the flange of the actuators
Piping:
Size | Code +(c):2 B BB A H HH E S L L1 o-ring Material Flange halves
T5 | t02 | 02 +0.13
DIN 3.2 X6CrNiTi18-10
3/ . 3/
Y ASME 38.1| 31.75 | 23.65 |19.0| 32 | 26.9 | 6.73 50 24.99x3.53 A312 TP321 SAE %", Form S
SAE flange halves:
. Press. Q GG T X D F J Tl
Size | Code | Form | paiing| © | 2025 | FF | 025 | 025 | x025 | Y Vo | s025 | t025 | z025 | R 0.5
DIN 4900
3/
Z) ASME H PS| 65 47.63 52 22.23 10.5 2.26 14 22 38.89 | 6.22 | 32.13 9 18
Figure 2a: Pressure line counter flange (1 ¥4")
Example of the flange of the actuators
di [m]
3 - -
42
o) \gh ',;
v : 'rl: db.9.4
d50 d3
Code D1 S b d2 d5 dé h1l h2 k | rl r2 r3 t o-ring
DIN 21.5 2.0 14 29 1.85 | 25.0x
DIN 26.9 23 16 26 11 29.8 | 21.8 29 6 52 65 16 25 0.6 101 | 265
Figure 2b: Return line counter flange
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The connection between the flanges (between pressure line counter flange and return line counter
flange ) must be made by piping. The material must be stainless steel.

The shut-off valve (part no. 3) shall be ball cock valve type or wedge gate valve type to minimize flow
disturbance during flushing.

The location of the shut-off valve shall be selected at site to allow venting of the pressure line during
pressure testing procedure. .

Screws, bolts, nuts, washers, and gaskets may be required to connect the FDAs to the MAX piping.
Gaskets must be made of Viton®.

All parts must be connected tightly to each other.

Collecting Vessel for Returning Fluid from Pressure Relieve Valve (CVPRV):

The CVPRYV is used to collect fluid in case of safety valve actuation of the FDH (pump side).
Therefore the hose from the safety valve must be connected to a CVPRV.

The CVPRV must fulfill the following requirements:
- barrels type with fixed cover and hose connection
- design temperature 50°C
- size must be of suitable volume to switch-off the pump in case of safety valve actuation
- resistance against flushing fluid

It is recommended to use one of the barrels (if supplied) for the first filling of the HSU.

Collecting Vessel for Returning Fluid (CVRF):

It is not permitted to use the EHA tank for collection of the flushing fluid returning from the piping
system. Therefore, a separate vessel must be used.

The CVRF must fulfill the following requirements:
- barrel type (recommended)
- volume: 200 |
- design temperature 50°C
- resistance against flushing fluid
- fixed cover with hose connection / barrel pump connection

It is recommended to use one of the barrels (if supplied) for the first filling of the HSU.

Barrel Pump Unit:

If the CVRF is full with flushing fluid, the fluid must be transferred back to the HSU tank for use in
further flushing cycles.

Pumping back to the HSU tank and filtering can be done by a barrel pump unit consisting of a barrel
pump, a filter with fine mesh (< 3 um) and a hose which connects the unit to the tank of the HSU.
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The barrel pump unit must be suitable to be connected and fix tightly to the CVRF. It must also be
suitable to handle contaminants removed from the MAX piping system.

All parts must be suitable for the pressure rating of the pump.

Particle Counter:

A calibrated particle counter must be used for analyzing the fluid. It must fulfill the following
requirements:

- type: container particle counter (e.g. made PALL)
- medium resistance: suitable for flushing and cleaning fluid

- particle size and concentration detection: acc. NAS 1638 or ISO 4406
- recommended sample volume: > 100 ml (depending on the type of particle counter)

System Preparation:

The workflow for system preparation is shown in flowcharts 1 to 6 and figures 5 to 6.
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Remark:

SIEMENS standard KKS-numbering system is used in the following flowcharts and figures. Deviation
from this numbering system could occur on clients’ request. In case of problems, contact SIEMENS
for a translation list.

High Pressure!
Splashing!

Remark:

The pressure test must be
performed after flowchart 1 is
completed and before actual
flushing of each line.

Switch-off all pumps
De-energize electrical equipment
Lock equipment against switching-on / energizing unintentionally

\ 4
De-pressurize and drain all MAX lines

y

Install FDAs and blanking plat

es if required as per flowchart 2

A

A

Install FDH (pump side) as

per flowchart 3 and figure 5

A

y

Install FDH (tank side) as per flowchart 4 and figure 6

y
Prepare HSU as per flowchart 6

Flowchart 1: System Preparation
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A Disconnect cables from EHAs
h 4
Disconnect MAX pressure and return line piping from EHA Remark:

Heavy weight! A

Special care has to be

taken to ensure
tightness of the
connections!

connections X1 and X2 (see arrangement drawing of EHA)

Y

Remove EHA to install FDA (if required)

l

Connect pressure line connection of FDA to flange of MAX
pressure lines (or close lines currently not flushed with blanking
plates.)

l

Connect return line connection of FDA to flange of MAX return
lines

Close shut-off valve of FDA

Flowchart 2: Installation of FDAs

Also remove guarded
pipe, if existing.
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Special care has to be
taken to ensure
tightness of the

connections!

Whipping of hoses!
CVPRV must be secured
against falling over!

A

A

Remove pump discharge pipe (1) (see figure 5)

\4

Disconnect accumulator header (2) (see figure 5)

A4

Connect FDH to pump discharge line

A\ 4

Connect FDH to accumulator header

A\ 4

Connect FDH to CVPRV

A\ 4

Adjust pressure relief valve setpoint to 180 bar g

Flowchart 3: Installation of FDHs (pump side)

Remark:

Reference is made to
drawings of module no.
XXXxX-983440.
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Hirse 1w ¢ ROTE
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ACOUMILATOR SHUT OFF YALVE WUST BE CLOSED DURIMG PRESSURE TEST.

S bastasrediger Gaf shrated Muehae | Ler
Aniehl is Lll'flllr"q il balhen |
FRF RESISTAMT VESSEL (NOT [N SLOPE DELTEVERTI
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Figure 5: Installation of FDH (pump side)
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Blasenspeicher beim Abdruecken abgesperrt.
BLADDER ACCUMULATORS MUST BE SHUT OFF

DURING THE PRESSURE TEST. T
1 BMAXA1 —
CPS11 1 BHMAXE]
CPi12
| BMRXBL 1 BMAXel
| BMAXBL I @MAx|l 1 @MAXAL —
AA3ES 1 BMAXAl = AA366
BEALL CP411 BEA1Z CPq1e
\ 1 BMAXB1 \ 1 BMAXAL
\.‘ | AR355 \ AR35E
Cemmer] T \7”[3 ' — _ewer] A
ARZEL | 1 : ARZ62 ; J| :
T oNARel ' ) ™~ Ir___ T_anaxal 1 " ™ I-___ |
AAZS | LX ‘\\X L] J\M i [ 1 \v4 \\x L \/\/\/\ i
| ' Y |
i E— i | I — |
| | BMRX@! E i 1 BMAXAal1 i
i AR5 1 i i AA132 !
SP1 SP2
Figure 5a: Installation of FDH (pump side)
Remark:
Reference is made to
drawings of module no.
zu den Antrieben XXXXX-983440.
TO THE VALVE ACTUATORS
P P P P
E 1 | UMHXUL\ | BMAxal | @MAxXBl 1 aMAxal
cPEel_ | CPga? CPBG3 CP5@1
,,,,,,,,,,,, X1 |x2 . |X3_ . |X4 ML M2 yM3I_ | M4
| @HMAXBI | BHAXBl | @MAXBL 1 BMAXal
AR311 AA3le AR313 AAZEL
1 BMAXal 1 BHMAX@1 | BMAXA] 1 BMAXA1
AAZS1 AA2S2 AA233 HAZ294
| _@MRxal 1 BMAXA1 | @MAXAL 1 BMAXAl
AR381 AA382 AR303 AA35 1
Figure 5b: Installation of FDH (pump side)
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Disconnect HSU return line manifold from (3)
(see figure 6)

Special care has to y

be taken to ensure Connect FDH to HSU manifold line

tightness of the
connections!

\ 4

CVRF must be Arrange CVRF close to the HSU tank
secured against
falling over!
\ 4
Whipping of hoses! :
CVPRV must be Connect FDH to CVRF and fix hose
secured against falling
over!
v
Close sample connection block valve of FDH
Flowchart 4: Installation of FDH (tank side)
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Riick | auf von den Antrisben
RETURN FROM VALVE ACTURTORS
1 T i manifold
Schlauchleitung
FLEXIBLE HOSE
CVRF MEDIUM: MINERAL OIL

vargchlieben.
. TEST.

AA
vy

Probeentnahne

SANPLE - TAKING

SHF  hestaendiger Gefshrstof fhehanlter
(richt im Lieferumfang enthalten)

PR RESISTANT VESSEL (NOT IN SCOPE DELIEVERY)

hydraulic supply unit

Dieser Schaltplan 1st nur relevant fuer den Anschluss der

Spueleinrichtung und nur als Baizpiel zu sehen.

Die Ausfuehrung der Hilfskreislaeufe fuer Kuehlung und
Hed lumaufbereitung sowle die Przahl und Groesse

dor Blasenspaicher und Anzahl und Grossse der

Druck= wnd Tank- Rnschluesse sind abhaengig von

der jewel|igen Fnlage.

THE CIRCUIT DIAGRAM IS ONLY RELEVANT TO COMMELT THE
FLUSHING DEVICE AND IS ONLY AM EXAMPLE.

THE DESIGN OF THE FLUID CONDITIONIMG CIRCUITS

FOR FLUID COOLING AND FLUTD REGENERATION AS WELL RS
THE NUHBER RND STZE OF BLADDER ACCUMULATORS AND THE
MNUMBER AND SITE OF PRESSURE=- AND TRANK= CONNECTIONS
DEPEND ON THE PLANT.

Figure 6: Installation of FDH (tank side) (extract from drawings of module no. xxxxx-983440)
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_ Remaining fluid Disconnect FDH from CVRF
inside return line or
hose could cause
flooding!
Special care has to be Remark:

taken to ensure
tightness of the
connections!

A

Whipping of hose! A

Special care has to be
taken to ensure
tightness of the

connections!

A

Fix suction side of barrel pump unit to CVRF

Y

Fix discharge hose of barrel pump unit to HSU tank
refill connection (see 983140)

\4

Switch-on barrel pump until CVRF is empty

\ 4

Switch-off pump and remove barrel pump unit

v

Connect FDH to CVRF and fix hose

Flowchart 5: Installation of Barrel Pump Unit

Provide slope to avoid
remaining fluid flooding out
of the hose when barrel
pump unit is removed.
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Select main pump for flushing

(APOO01)

4
Select filter pump for internal cleaning

(APO11)

A Remark:

VAN

Install temporary main switches for selected pump
Install temporary main switches for selected filter pumps

Y

Make HSU ready for operation
Fill HSU with flushing fluid up to max. Level

A\ 4

Close filter block valves
(AA273 and AA274)

A 4

Close all HSU outlet block valves
(AA29x)

A 4

Open all accumulator block valves
(AA25x)

A\ 4

Close all accumulator safety valve bypass block valves
(AA26x)

Flowchart 6: Preparation of HSU

Pumps must be switched-
on and switched-off by
hand.
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System preparation ( see flo

wcharts 1 to 6). To be done

repeated for each line, if single flushing bypass used for more
than one line.

A

y

Start selected filter pump (APO1x)

A

y

Repeat sequences (as per flowchart 8) until cleanliness criteria fulfilled

Splashing! /!\

\ 4

Switch-on selected

main pump (AP0OOx)

Fill all accumulators (BB01x) up to max. pressure (160 bar g)

A

A

Switch-off main pump (AP001)

A

A

Open shut-off valve (as per figure 7)

A

A

Take sample (as

per flowchart 9)

A

A

Flush until accumulators are depressurized

A

A

Close shut-off valve (as per figure 7)

A

A

Unload CVREF (as per fl

owchart 5) (if required)

A

A

Check fluid level of HSU and re-fill (if required)

A

A

Analyse

Sample

Lines not clean

Drain lines

Special care has to be
taken to ensure
tightness of the

connections!

/\

A\
/\

A

A

Stop filter pump
Remove temporary equipment
Clean filter (AT013)
Restore system

Flowchart 7: Flushing and Cleaning Sequence

Remark:

Perform system pressure test
before starting cleaning and
flushing operation.

Remark:

The pressure can be observed
at the pressure gauge located
beside the accumulators
(CP511...CP514).

Remark:

Special care has to be taken to
the allocation of MAX line and
EHAs !

Remark:

If the MAX line is clean (“clean
“as defined above),
contaminants shall be removed
from the next MAX line until the
complete system fulfills the
cleanliness criteria.

Remarks:

Check HSU for contaminants
and remove them (if any).
During plant start-up, system
shall be observed for leakages.
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L e
h 1
! v
| I -
> MAX line 1 d MAX line 2 : d MAX line n
1
v : ¥
EHA line 1.1 EHA line 2.1 : EHA line n.1
1
) 4 \ 4 : ) 4
EHA line 1.2 EHA line 2.2 : EHA line n.2
1
v v ' v
Both EHA lines clean Both EHA lines clean : Both EHA lines clean
. . s R | . .
1
1
1
1
1
1
1 1
| IR |
Flowchart 8: Line Flushing Sequence
EHA line 1 | EHA line 2
preparation:
EWA A EraZ ElA A EWAZL

'
X

i

-
. TDA
H

5 5|
. AA2T % 2
flushing:

EhA A EWAZ EMA 4 EWAL

Figure 7: Shut-off Valve Arrangement, Exsample for MAX Line 1, EHA Line 1 and EHA — Line 2
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Splashing!
Whipping of hose!

Put small sample container (e.g. glass, bottle) under
the sample connection.

v

Remark:
Open block valve of sample connection very carefully Sampling shall be started

after 6 to 7 flushing cycles

performed.
\ 4
Fill sampling container
\ 4
Close block valve of sample connection
Flowchart 9: Sampling
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1 INTRODUCTION

Note Before attempting to do this procedure, the personnel involved in the tasks must read and
understand the intent of the entire specification. This helps reduce the overall time needed to do the
task by giving a better understanding of the work to be done.

1.1 Lubrication oil systems for turbine generators are large, complex systems. Each
commonly contains a centralized oil reservoir, oil coolers, oil supply piping, and a drain
piping network. The turbine generator lube oil system also interfaces with the oil
purification system, clean and dirty oil storage tanks, and associated oil transfer piping.

1.2 Size and complexity of the lubrication system requires that extensive field fabrication
and assembly be performed. Although lubrication system manufacturing, shipping,
storage, and erection operations include preventive measures to minimize the
introduction of contaminants, circumstances still exist where loose and adhering
particles, such as sand, weld scale, weld spatter, corrosion, coal dust, and other
environmental contaminants are present in lube oil piping systems. To ensure that the
lubrication and seal oil system is free of particle contaminants that could harm the
turbine generator bearings, journals, oil seal rings a flushing and cleaning operation is
carried out prior to initial unit operation.

1.3 In-service units are periodically subjected to major turbine generator inspections or
repairs which can expose various elements of the lubrication system to environments
that can introduce or generate particle contaminants. Particle contaminants can also
enter the oil system during operation through normal clearances at oil seals, from the
environment, or be generated as corrosion by the presence of water in the oil system.
For this reason a flushing and cleaning operation is carried out after major inspections
or repairs.

1.4 The recommendations and procedures provided are general in nature, applying to all
turbine generator units. Due to the variation in turbine generator and lubrication system
configurations, it is the responsibility of the owner or his flushing contractor to provide
specific, detailed instructions for the flushing and cleaning operations applicable to a
given unit, using this document as a guideline.

15 SIEMENS can provide and perform services that meet or exceed the criteria listed in
this STIM. Please contact your SIEMENS Project Manager if you would be interested in
SIEMENS providing the flushing service.
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2 FLUSHING AND CLEANING DESIGN CONSIDERATIONS

2.1

PRESERVATION

Experience has shown that most of the harmful contaminants removed during the flushing
operation are those which are introduced or generated in the lubrication system during its
storage, installation, and maintenance. The introduction or generation of contaminants can be
minimized when the equipment will already be preserved for the following steps:

Prefabrication
Shipment

Receiving and handling
Storage

Erection

After erection, before start-up, and during extended lay-up

2.2 SAFETY PRECAUTIONS

2.2.1 Activities associated with flushing operations of a turbine generator present
numerous conditions that are potentially hazardous, including, but not limited
to, the following:

e High Temperatures

e High Pressures

e Combustible and Explosive Materials
e Toxic Chemicals and Vapors

e Lethal Voltages

e Moving Machinery

e Heavy Components

e High Noise Levels

2.2.2  Specialized procedures and instructions are required and must be adhered to
by personnel involved in the flushing operations. A safe and reliable procedure
for all work covered by this document must be in place.

2.2.3 In addition, all applicable safety procedures such as OSHA requirements,
regional and local safety requirements, safe working practices, and good
judgment must be used by personnel during the flushing operation.
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WARNING

DO NOT ENTER THE OIL RESERVOIR UNTIL THE TANK INTERIOR IS TESTED
FOR SUFFICIENT OXYGEN. VENTILATE AND CONTINUE TESTING
PERIODICALLY TO VERIFY THAT A BREATHABLE ATMOSPHERE IS
MAINTAINED. CHECK THAT PORTABLE BREATHING APPARATUS IN GOOD
WORKING CONDITION IS AVAILABLE AT THE RESERVOIR.

DO NOT SMOKE, WELD, BURN, OR ALLOW ANY OTHER SOURCE OF
COMBUSTION IN OR AROUND THE OIL RESERVOIR. CHECK THAT FIRE
EXTINGUISHERS CAPABLE OF EXTINGUISHING CLASS A, B, AND C FIRES ARE
AVAILABLE AT THE RESERVOIR.

ALWAYS WORK IN TEAMS WHEN INSPECTING OR WORKING INSIDE THE OIL
RESERVOIR. AT LEAST ONE WORKER MUST BE STATIONED OUTSIDE THE
RESERVOIR TO GIVE AID IN CASE OF AN EMERGENCY.

CHECK THAT THE COVER PLATE ABOVE THE STRAINER IS REMOVED, AND
LADDERS FOR ENTERING OR LEAVING RESERVOIR ARE PLACED IN THE
OPENING.

CHECK THAT ALL AUXILIARY ELECTRICAL EQUIPMENT IS TURNED OFF AND
CIRCUIT BREAKERS ARE OPENED, TAGGED, AND LOCKED OUT. THIS HELPS
PREVENT THE EQUIPMENT FROM BEING ACCIDENTALLY TURNED ON DURING
THE INSPECTION PROCEDURE.

BE CAREFUL WHEN WORKING WITH OILY SURFACES. IF NECESSARY, CLEAN
THE SURFACES USING A SOLVENT THAT WILL NOT DISPLACE OXYGEN OR
SUPPORT COMBUSTION. IF A SOLVENT IS USED IT HAS TO BE ENSURED THAT
ITS CHEMICAL AND PHYSICAL PROPERTIES AND THE REMAINING QUANTITY
HAVE NO NEGATIVE IMPACT TO THE TURBINE OIL.

FAILURE TO FOLLOW THESE PRECAUTIONS CAN RESULT IN SERIOUS
PERSONAL INJURY OR DEATH!
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3 SAMPLING AND CLEANLINESS ACCEPTANCE CRITERIA

3.1 CLEANLINESS ACCEPTANCE CRITERIA

3.1.1

3.1.2

3.1.3

3.14

3.1.5

3.1.6

To verify the system cleanliness both following described cleanliness
acceptance criteria must be observed:

e Cleanliness acceptance test with an automatic particle count measuring
instrument (items 3.1.2 to 3.1.4 and 3.1.6).

e Full strainer sampling method (items 3.1.5 to 3.1.7).

The cleanliness acceptance criteria for the oil is stated to permit no particles
than given in ISO 4406, cleanliness code 20/17/14. This cleanliness criteria
provides an upper limit on the size of a particle contaminant permitted in the
piping system, and severely restricts the number of particles of smaller size.

The measuring must be done with an automatic particle count measuring
instrument. It must be verified that the required cleaning class has been
observed over a time period of three (3) hours minimum. For testing the
sample point upstream of the lube olil filters must be used. The testing must be
done in intervals of 5 minutes.

The whole flushing process must to be logged including the measuring
instruments and the test record sheet must be given to SIEMENS for approval
(see item 9.2).

To determine that each supply line to the bearings is free of particles of a
certain size, the full strainer sampling method must be used (see section 3.2)
for each bearing. Although the larger particles are already counted with the
other method, this mechanical method must also be done due to safety
reasons. It demonstrates that each supply line is clean as the number of
particle contaminants collected show a continuing downward trend over
flushing time until an acceptable limit is reached.

To observe the cleanliness acceptance criteria for the full strainer sampling
method for an oil supply line to the bearings an analysis of its strainer content
must show that no hard particles greater than 250 microns are collected, and
the number of hard particles between 125 and 250 microns is less than five. It
is recommended to insert the strainers only after a certain flushing time for the
final flushing acceptance test. Experience has shown that, depending on the
cleanliness of the oil system, the installation of the strainers after 2-3 days
flushing is reasonable. After installation of the strainers the required
cleanliness criterion can normally be achived by flushing another 3-4 days.
During this time periodic checks of the strainer content (e.g. every 8 or 12
hours) shall be made. If the results of two consecutive checks show that the
required cleanliness criterion is met the cleanliness of the branch line must be
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3.1.7

3.1.8

verified according to the above requirements by flushing at least 60 minutes
through the previously cleaned strainer.

Lube and lifting oil supply lines which have passed the cleanliness criteria for
the full strainer sampling are turned off and are not sampled again. These
lines can be considered clean as long as they are not contaminated by intake
of dirt or dirty oil again.

After the cleanliness has been verified it must be ensured that during the
restoration the oil system will not be contaminated again.

3.2 FULL STRAINER SAMPLING METHOD

3.2.1

3.2.2

3.2.3

3.24

3.25

3.2.6

Field experiences have demonstrated that sampling techniques and
interpretation are as important as the basic cleanliness criterion or sampling
method for the successful conclusion of the flushing operation. The sampling
techniques used must provide consistent, repeatable, and meaningful results.
Improper sampling techniques can result in misinterpretation of the actual
state of cleanliness of the system. A false indication of acceptable cleanliness
level places the turbine generator at future risk to damage by contaminants, or
the flush may be extended needlessly. The handling of sampling screens,
particle count analysis, and contamination interpretation requires the strict
adherence to the specified procedures so that the results will be valid. Even
though these activities are performed in a power plant and not in a laboratory
environment, certain laboratory-like procedures must be followed.

Fittings used must be minimized to eliminate potential contaminant traps. Gate
or globe valves should be avoided since they form contaminant traps. The
sampling strainers (figure 1a on page 9) must be of the basket type lined mesh
stainless steel screen according 1ISO 4783, - 0,2 mm x 0,14 mm (0.0079" x
0.0055").

The sampling strainer must be located as close as possible to the piping being
sampled to minimize both, the length of adapter piping, and the number of pipe
fittings required. This minimizes self-contamination concerns.

The hardware used for full flow strainer sampling consists of an adapter pipe
to connect the piping to be flushed, a sampling strainer and hoses to direct oll
into the drain piping or bearing pedestals. Proper selection of hardware,
materials, and construction arrangement will prevent self-contamination of the
sample. The adapter pipe must preferably be butt welded, mechanically
cleaned, and coated with an oil preservative.

The required temporary strainers for the oil throttles are within SIEMENS
scope.

For single-shaft units an additional throttle disc is required to avoid flooding of
the Gas Turbine thrust bearing MBD12 (see figures 1b and 1c on page 10).
The disc is not included in SIEMENS scope. It must be made from stainless
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steel (approximately 2 mm (1/16"") thick) with the same outer diameter as the
strainer casing. The diameter of the centrally located throttle hole must be
approximately 13 mm (¥2”"). During flushing the throttle disc shall lay on top of
the strainer inserted in throttle valve MBV26AA282. Thus it might be
necessary to grind the pin which is used to keep stainer and throttle disc in
position.
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Figure la: Recommended sampling strainer feature
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Figure 1b:  Throttle valve MBV26AA282 for oil supply line to Gas Turbine thrust
bearing MBD12 with throttle disc (required for single-shaft units only)
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Figure 1c: Detail from system diagram xxxxx-981131
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4 FLUSHING OIL SPECIFICATIONS

4.1

4.2

4.3

4.4

4.5

The owner or his flushing contractor is responsible for supplying and maintaining the oil
used for the flushing operation. It is required that turbine lubricating oil conforming to
STIM-07.003 be used for flushing.

The initial charge of oil received from the oil supplier must be considered to be
contaminated and must be filtered through a 5 micron absolute filter before entering the
lube oil reservoir. This applies for every refilling of the reservoir even if it was only
drained for cleaning.

It is recommended to use the same oil for flushing which subsequently will be used for
turbine generator lubrication service. If a different type of oil is used it must be ensured
that its chemical and physical properties comply with requirements in STIM-07.003.

An oil sample of the used oil must be taken and sent to SIEMENS.

4.4.1 If the same oil is used for flushing which subsequently will be used for turbine
generator lubrication service the sample must be taken according to section 5
of STIM-07.003 before the tank will be refilled after system restoration for
commissioning.

4.4.2 If adifferent type of oil is used for flushing an oil sample must be taken at the
sample point upstream of the lube oil filters. The sample must be taken directly
before the oil flushing is finished, i.e. directly after the cleanliness acceptance
criteria have been achieved (see section 3). In addition, a second oil sample
must be taken from this oil used for turbine generator lubrication service.

If it is not possible to send the oil samples to SIEMENS it must be verified with a
chemical analysis that the parameters of the used oil comply with the limits listed in
section 5 of STIM-07.003. If a different type of oil is used for flushing a chemical
analysis is required for the flushing oil and the oil which subsequently will be used for
turbine generator lubrication service.

The oil samples or the record sheets of the chemical analysis must be given to
SIEMENS for approval (see item 9.2). In addition, Material Safety Data Sheets (MSDS)
and Product Data Sheets (PDS) must be supplied additionally for all types of oil being
used.
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5 FLUSHING AND CLEANING PROCEDURES

5.1 GENERAL NOTES

5.1.1

5.1.2

5.1.3

514

The purpose of the flushing operation is to provide an oil piping system that is
free of particle contaminants that could harm the bearings or other turbine
generator components during operation. This can be accomplished by using a
fluid to displace particle contaminants from the pipe wall and to transport them
to fine mesh screens and filters for collection and removal from the system.
Two common ways for achieving this goal are (see also figure 2 on page 15):

e Conventional flushing

e High velocity flushing

The cleanliness acceptance criteria specified can be met by the proper
application of any of these procedures, but high velocity oil flushing is the most
effective one.

The recommended and required procedures presented in this section are
intended to be generic in nature due to the large variations in lubrication
system, seal oil system configurations and the different flushing procedures
that can be applied. It is the responsibility of the owner or his flushing
contractor to prepare detailed cleaning and flushing procedures applicable to
his specific unit to assure that the intent of the recommendations provided
herein are met.

All equipment and materials needed to perform the flushing procedures
described are to be supplied by the owner or his flushing contractor (except
strainers — see item 3.2.5).

5.2 CONVENTIONAL OIL FLUSHING PROCEDURE

521

Conventional flushing operations circulate oil through the piping network at
higher velocities than seen during normal operation. The higher oil velocity is
intended to lift particle contaminants from the pipe wall boundary layer,
suspend the particles in the flow, and transport them from the piping. The
higher velocities are also intended to provide a measure of assurance that
contaminants which are not removed from the system during the flushing
operation are not likely to be transported to the bearings at normal operating
velocities. About twice the normal operating velocity, or about 3 m/s (10 ft/sec)
is considered a minimum for the effective transport of contaminants. Table 1
on page 13 provides a tabulation of pipe size, pipe flow area, and flow rate
required to achieve a velocity of 3 m/s (10 ft/sec.).
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Table 1: Flow Rate To Achieve Minimum Required Flushing Velocity

PIPE SIZE PIPE FLOW AREA FLOW RATE AT
3 M/SEC (10 FT/SEC)
VELOCITY
DN NPS
mm in mm?2 sg. in liters/sec. USgpm
15 Y 150 0.23 0.45 7.2
20 Ya 280 0.43 0.84 13.4
25 1 464 0.72 1.4 22.4
32 1Y, 830 1.3 25 405
40 1% 1316 2.0 3.9 62.3
50 2 2163 3.4 6.7 106
65 2% 3086 4.8 9.5 150
80 3 4769 7.4 14.6 231
100 4 8213 12.7 25.0 396
125 5 12908 20.0 39.3 623
150 6 18646 28.9 56.8 901
200 8 32283 50.0 98.3 1558
250 10 50894 78.8 155 2456
300 12 72985 113.1 220 3525
350 14 88954 137.9 265 4298
Note Calculations in above table consider schedule XS/80/80S for NPS

5.2.2

5.2.3

15 to 1%, schedule STD/40/40S for NPS 1% to 10 and schedule
STD/40S for NPS 12 and 14.

The required twice normal operating velocity is usually obtained in the
Conventional Oil Flushing Procedure by operating simultaneously two full size
main oil pumps mounted on the reservoir. The pump curves for the 2x100%
lube oil pumps can be found in appendix 1 (see page 29 et seqq.). In addition
the limits for pump operation during oil flushing can be seen.

The conventional flushing procedure requires that alternate heating and cooling
of the oil be performed. The heating and cooling produces thermal expansion
and contraction of the piping, loosening tightly adhering particle contaminants
from the walls of the piping. Heating and cooling of the oil also produces large
changes in the oil viscosity, enhancing the capability of the oil for transporting
particle contaminants to the strainers and filters.

To achieve the beneficial effects of contraction and expansion and changes in
viscosity, a minimum oil temperature change of 55K (100°F) is required. The
maximum oil temperature must not exceed 88°C (190°F).
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524

Note

5.2.5

SIEMENS requires the use of two supplemental heat exchangers (supplied by
the owner or his flushing contractor) for this purpose. Hot water, maximum
93°C (200°F), may be circulated through one cooler to heat the oil. The other
cooler can be connected to a cold water source for cooling the oil. Alternately
controlled admission of cold and hot water to the designated cooler; with oll
flowing simultaneously through both coolers, will attain the desired oil
temperature, with minimum pressure drop through the coolers.

It is not allowed to use the oil coolers of the lubricating oil module

The conventional flushing procedure requires that an external oil purification
system to be operated throughout the flushing period.

5.3 HIGH VELOCITY OIL FLUSHING PROCEDURE

53.1

5.3.2

5.3.3

5.34

5.3.5

Although the criteria for lubrication system cleanliness can be met using the
conventional flushing procedure described above, the use of a high velocity
flushing procedure has been shown to provide a number of advantages.

The high velocity oil flushing procedure is performed by using specialized
flushing skids designed for this purpose. The skids contain integral pumps and
motors capable of circulating oil during the flushing operation at a velocity at
least twice the normal operating oil velocity. The skids must also contain in-
line filter assemblies capable of filtering the maximum flushing flow to a
specified cleanliness level. If the skid contains no separate tank, the tank of
the Lubrication Oil Supply Module can be used as a reservoir for oil storage.

Alternatively it is possible to replace the main oil pumps and motors of the
Lubrication Oil Supply Module for temporary installation of special designed
submerged flushing oil pump-motor-units with higher capacity. These pump-
motor-units and all additional equipment must be supplied by the owner or his
flushing contractor. SIEMENS assumes no responsibility for the design and
function of these pump-motor-units or additional equipment. It is not allowable
to operate any other components (e.g. coolers, filters, etc.) of the Lubricating
Oil Supply Module when using these special flushing pump-motor-units.

The benefits of the high velocity flushing procedure compared to the
conventional flushing procedure are twofold. First, the required flushing oil
velocity is provided by a supplemental pump and motor. This overcomes flow
and pressure drop limits that may exist with the reservoir mounted pumps that
are used for the conventional flushing procedure. Second, the filtration
capability provided by the high velocity flushing skid removes contaminants
from the system efficiently, providing assurance that oil supplied to the system
for the flushing operation is clean.

Alternate heating and cooling of oil during the flushing operation as previously
described in 5.2.4 above is also applicable to the high velocity flushing
procedure.
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Figure 2: Performance of different oil system flushing procedures
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6 LUBRICATING OIL SUPPLY MODULE

6.1

6.2

6.3

6.4

6.5

6.6

The Lubricating Oil Supply Module from SIEMENS is supplied in a clean condition
(cleaning class 17/14 according to 1ISO 4406) and with preservation for the tank
interior. Nevertheless flushing and cleaning prior to initial operation will be necessary to
remove harmful particle contaminants that may have entered the system during
shipping, storage, or erection cycles.

It is in the responsibility of the owner or his flushing contractor to decide whether
cleaning and flushing of the Lubricating Oil Supply Module is required or not. The
cleanliness of the lubrication oil supply module is only guaranteed by SIEMENS as
long as the module will not be contaminated:

¢ during shipping, storage, or erection cycles or
e used on site for flushing.

In addition, it must be guaranteed that the requirements in STIM-11.006 are observed
strictly from the time when the Lubricating Oil Supply Module is shipped, independent
of whether the module is stored in a warehouse or on site.

During the installation of the turbine generator unit the environment in the power plant
is usually extremely dirty. Under these conditions all of the exposed oil bearing
surfaces can become contaminated. Past experience has shown that most of the
harmful contaminants removed during the flushing operation are those which were
introduced into the system during the storage and installation of the unit.

The preservation recommendations referenced in this specification must be followed to
prevent the formation or introduction of contaminants during the storage period.
Physical removal of visible contaminants from the lube oil system prior to the start of
the flushing operation is much more effective than removal by oil circulation and
filtration. Maximizing physical contaminant removal prior to flushing will decrease the
flushing time required to meet the specified cleanliness level.

The Lubricating Oil Supply Module can be used for flushing:

e by using the module tank only as an oil reservoir (using specialized flushing skids
provided by others — see section 5.3) or

e as a complete flushing skid, i.e. the lube oil pumps and the lube oil filters, but not
the lube oil coolers, can be used by installation of temporary jumpers (see section
5.2 and figure 3 on page 17).

After flushing is completed, the owner or flushing contractor is responsible for providing
the Lubrication Oil Supply Module ready for operation for commissioning. If a complete
separate flushing unit is used, where the delivered clean reservoir is not entered, the
owner or flushing contractor is only responsible for the cleanliness of the external
pipework. If the module is used for flushing or entered, the owner or flushing contractor
is also responsible for restoring the module to a clean condition after flushing.
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SUPPLIED IN A CLEAN CONDITION ACCORDING

LUBE OIL SUPPLY MODULE
TO I1SO 4406 CLEANING CLASS 17/14
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Table 2: Explanations for figure 3 on page 17
No. Description
1 |Lifting Oil Pump #1 with AC-motor
2 | Lifting Oil Pump #2 with AC-motor
3 | Emergency Oil Pump with DC-Motor
4 | Lube Oil Pump #1 with AC-Motor
5 |Lube Oil Pump #2 with AC-Motor
6 | Closure disk in emergency oil pump discharge pipe
(notin SIEMENS scope)
7 | Temporary jumper for oil coolers bypass
(notin SIEMENS scope)
8 | Lube Oil Filter #1 (100%)
9 | Lube Qil Filter #2 (100%)
10 |Flange for temporary jumper for lifting oil supply to bearings
11 | Terminal point for connection of external lifting oil pipes to bearings
12 | Terminal point for connection of external lube oil pipes to bearings
13 | Qil return line
14 | Temporary jumper for for flushing of external lifting oil pipework
(notin SIEMENS scope)

Notes:

1. The illustration on figure 3 is indicative only and may differ from the actual
module configuration and design. It shows the Lubricating Oil Supply
Module prepared ready for conventional oil flushing (see section 5.2) of
the external pipework. Only the rebuild pipework to affect flushing of the
external lube oil and lifting oil system is shown.

2. For high velocity flushing (see section 5.3) whether external flushing skid
must be connected to the tank (see item 5.3.2) or jumper no. 7 must be
connected to the external filter/cooler unit (see item 5.3.3).
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7 SYSTEM PREPARATION

7.1 LUBE OIL MODULE PREPARATION FOR HIGH VELOCITY OIL FLUSHING

7.1.1 To get access to the Lube Oil Supply Module reservoir one or both main lube
oil pumps of the Lubrication Oil Supply Module must be removed from the
tank. The free tank opening(s) can then be used:

o for installation of a suction pipe inside the tank for pipe connection to the
flushing skid (see item 5.3.2) or

o for installation of temporary special designed submerged flushing oil pump-
motor-units (see item 5.3.3).

7.1.2  For any equipment to be temporarily installed onto free tank openings a
mounting plate must be prepared according to figure 4. The gaskets of the
original mounting plates of the pumps are not to be used.

7.1.3 The tank drain line with external terminal point A21 (see system diagram
xxXxxx-981136) is not designed to be used for connection of external flushing
skids.

16xe13
- o
= (0]
2 o ~
880
MOUNTING PLATE TANKOPENING
Figure 4: Pump mounting plate and tank opening for Lubricating Oil Supply Module
(All dimensions in mm, not to scale!)
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7.2 LUBE OIL MODULE PREPARATION FOR CONVENTIONAL OIL FLUSHING

7.2.1

7.2.2

Jumpers must to be designed and installed according to figure 3 on page 17.
In general, the preparation consists of:

¢ Blanking of emergency and lifting oil pumps.
e By-pass for oil coolers.

e Connection of an automatic particle count measuring instrument at the
sample point upstream of the lube oil filters.

The interconnecting lifting oil pipes between the Lubricating Oil Supply Module
and the bearings/turning gear are flushed by using a temporary jumper
connected to the lube oil discharge line (no. 14 on figure 3 on page 17). They
must be flushed after the required lube oil system cleanliness is achieved and
before the particle analysis for verification of the system cleanliness is
recorded (see items 3.1.3 and 3.1.4).

Caution

It is not permitted to use the lifting oil pumps, emergency pump, oil
coolers and lifting oil filters for flushing, i.e. these components must
have no oil contact until the required system cleanliness has been
achieved and verified as stated under item 3.1.3. When using the main oil
pumps for flushing, all relevant start-up and operating limits of the
supplied equipment must be observed. Especially the nameplate current
ratings of the lube oil pump AC-motors must be checked. Exceeding the
service factor can damage the motor. For the pumps in particular oil
suction under all conditions must be ensured. Information about the
required minimum oil levels for the pumps of the Lubricating Oil Supply
Module is shown on appendix 2 on page 42. SIEMENS takes no
responsibility for consequential damages due to improper handling of
these components during oil flushing.

Under emergency conditions involving loss of one pump immediately
check the load on the operating pump motor, as it may become
overloaded. If this condition occurs reduce the flow from the header by
closing selected discharge valves at the bearings until the motor current
is reduced to a permissible level. Discontinue the flushing operation until
both pumps are restored to service.

Siemens Power Generation

“This document contains proprietary information. It is submitted in
confidence and is to be used solely for the purpose for which it is furnished
and returned upon request. This document and such information is not to be
reproduced, transmitted, disclosed, or used otherwise in whole or in part
without written authorization.”







Lubricating Oil System Flushing & Cleaning Steam Turbine Information Manual Document No.: STIM-11.005

Procedures

Revision/Date: 4 2005-04-25
Page: 21 of 42

7.3 BEARING PEDESTAL PREPARATION

There are three different types of bearings:

1. Turbine Bearings for

IL(E)-Turbines (combined IP-LP-Turbine) HP-side only
H-Turbines (HP-Turbine)

HI(K)-Turbines (combined HP-IP-Turbine)
I[(M)-Turbines (IP-Turbine)

L(N)-Turbines (LP-Turbine)

Turbine Bearing for

IL(E)-Turbine (combined IP-LP-Turbine) LP-side only

Generator Bearings

The preparation for the bearings must be done according to the flushing

eme (see figure 5 on page 22). In general, the preparation consists of:

Attaching sampling strainer casings to bearing supply lines (see figure la
on page 9). The strainers should be inserted only after a certain time for
the final flushing respectively acceptance test (see items 3.1.5t0 3.1.7 and
section 3.2).

Attaching all jumpers to supplemental flow connections on bearing supply
headers.

Securing all hoses to prevent whip or walk during flushing.

The generator bearings and housings are delivered in a clean condition. The
generator bearings and oil passages must be inspected and cleaned if

essary. These bearings may be jumpered during the flushing process. If
bearings or housings become contaminated during installation of the unit,

they must be restored to a clean condition.

7.3.1
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Deviating from the above statement it is required for single—shaft units to
install the strainer and the additionally required throttle disc (see item 3.2.6 on

pag

e 8) in the oil supply line to the Gas Turbine thrust bearing MBD12 right

from the start to avoid flooding.
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Connected to:

— separate flushing skid for high velocity flushing or
flushing according to figure 3 on page 14

— Lubrication Oil Supply Module for conventional oil

Figure 5: Typical flushing scheme
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8 OIL FLUSHING PROCEDURE

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

The oil flush must be initiated with all temporary valves open, allowing the flow of oil to
fill the entire system. The following areas must be observed on initiating the flushing
operation.

Checks must be made for oil leaks. Personnel must be stationed in all areas of the
system so leaks can be identified. Immediate communications must be available to
allow the flushing pump to be shut down in the event of an oil leak.

WARNING

SECURELY CLAMP AND ANCHOR TEMPORARY HOSES TO HELP PREVENT
HOSE WHIP OR OIL SPILLS. PERIODICALLY CHECK CLAMPS DURING THE
FLUSHING OPERATION. FAILURE TO SECURE HOSES CAN RESULT IN
PERSONAL INJURY, DEATH, OR EQUIPMENT DAMAGE.

All bearing pedestal drains must be checked to assure that oil flow is not backing-up in
the lines to the extent that overflow is possible.

Checks must be made to assure that there is adequate oil level in the reservoir (see
appendix 2 on page 42).

Strainers in the oil reservoir must be checked to assure that they are capable of
handling the high flush oil flow rates. If the strainers overflow due to accumulation of
debris, the flushing pump must be shut down, the strainers cleaned, and the flush
reinitiated.

The main flushing must be done via:

e one (1) lube oil filter of the Lubrication Oil Supply Module (if conventional flushing is
performed — see section 5.2) or

o the filter(s) of the external flushing skid (if high velocity oil flushing is performed —
see section 5.3) and

¢ the external purification system which has to be designed that it can remove all
particles to reach cleanliness class 17/14.

Random oil sample particle counts must be taken periodically to determine the general
system cleanliness. The system must be disturbed periodically during this initial
flushing stage by stopping and starting the oil pump, closing and opening valves, etc.
The progress of the flushing must be recorded.

The system must be sequentially cleaned from the turbine end to the generator end of
the unit. This will allow the flows in each line being flushed to be maximized, hastening
the cleaning process.
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8.9 Indiscriminate closing of valves may raise pump discharge pressure without achieving

the desired effect of increasing the flow of oil through lines being flushed. The intent is
to minimize the resistance (by maximizing the number of openings or open discharge
area from these lines) in the lines being flushed, and to flush as few lines
simultaneously as possible without exceeding the pump capability. The desired effect
is achieved by maximum flow through the minimum number of lines.

8.10 The entire oil system must be flushed until:
¢ the cleanliness code 20/17/14 is achieved (see items 3.1.2 and 3.1.3) and

¢ the strainer sampling method has shown that the cleanliness acceptance criterion
according to items 3.1.5 to 3.1.7 has been observed for each bearing oil supply
line.

Before the external piping system, the bearing pedestals, and the oil throttles in the oil
supply lines can be restored for normal operation the system cleanliness must be
recorded and verified as described under section 9.

8.11 If the conventional flushing procedure (see sections 5.2 and 7.2) is performed the
following remarks must be observed strictly:

8.11.1 When the cleanliness acceptance criteria according to item 8.10 are met the
Lubrication Oil Supply Module must be restored for normal operation (see also
section 6 and figure 3 on page 17). It must be ensured that during the
restoration the oil system will not be contaminated again. In general, the
following listed measures must be undertaken:

¢ The flushing operation must be interrupted and the system must be
drained into the lube oil tank of the Lubricating Oil Supply Module by
opening all flushing valves.

e All temporary removed equipment (e.g. pipes) must be visually checked
and, if necessary, cleaned before it can be re-assembled.

e The closure disk (no. 6 on figure 3) in the emergency oil discharge line
must be removed.

e The temporary jumper (no. 7 on figure 3) for bypassing the oil coolers must
be replaced by the original pipework.

e The temporary jumper used to connect the main lube oil discharge line
with the external main lifting oil supply line (no. 14 on figure 3) must be
removed and the flange connection at the main lube oil discharge line must
be closed with a blind flange.

e The main lifting oil discharge supply line of the Lubricating Oil Supply
Module (terminal point A103 on system diagram xxxxx-981136) must be
connected to the external lifting oil supply line to the bearings.

8.11.2 After restoration, the Lubrication Oil Supply Module must be checked that all
connections are tight and the module is completely restored for normal
operation. Then the systems must be filled carefully. By doing this it might be
necessary to vent accumulated air out of the system until all air has been
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8.11.3

Note

8.11.4

removed. During oil filling the entire system and especially the reinstalled
pipework must be monitored so that leaks can be identified immediately.

When the system is oil filled, first the emergency oil pump and then each of the
lifting oil pumps must, without exception, be operated separately. The lifting oil
pumps must be operated at a maximum system pressure of 15 bar (217 psig).

Therefore it is required that (see figures 6 and 7):

e The lifting oil pressure regulating valve (MAV35AA151) and the control
valve at the internal X-connection of this valve (MAV35AA251) are open.

e The isolating valves in lifting oil pump discharge lines (MAV31AA251,
MAV32AA251 and MAV33AA251) are open.

The control valve at the internal X-connection of the lifting oil pressure
regulating valve (MAV35AA251) must then be closed slowly while monitoring
the system pressure at the pressure gage MAV35CP501. At no point should
the system pressure exceed 15 bar (217 psig).

During operation of the lifting oil pumps the oil temperature inside the tank
must not exceed 75 °C (167 °F).

During operation of each pump the system cleanliness must be measured
according to item 3.1.2. Only if the system cleanliness criteria according to
item 8.10 are observed, during an operation time of at least 3 hours per pump,
can the flushed parts of the system be accepted as being clean. Thereafter the
procedure for verification of system cleanliness according to section 9 can be
performed.

—
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Figure 6: Lifting oil pressure regulating valve block (detail from xxxxx-981136)
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Figure 7: Lifting oil pressure regulating valve block
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9 VERIFICATION OF SYSTEM CLEANLINESS
9.1 The system cleanliness must be verified according to items 3.1.2 and 3.1.3.

9.2 The oil samples or the record sheet for the chemical oil analyses (see item 4.4) must
be sent together with the following documents to SIEMENS for approval:

e Test record sheet for cleanliness acceptance test (see items 3.1.2 and 3.1.3).

e Material Safety and Product Data Sheets for oil type(s) used (see item 4.5).
Recipient for the above listed documents is:

For all projects in America: For all projects in Africa, Asia,
Australia, and Europe:

SIEMENS Westinghouse Power Corporation SIEMENS Power Generation

S31P Projects attn. Dr. Ludger Quick

Dep. Steam Turbine Operations Dep. Testing Engineering

4400 Alafaya Trail, MC DV120 Wiesenstral3e 35

Orlando, FL 32826-2399, USA 45473 Mulheim/Ruhr, Germany

10 OIL FLUSHING SHUTDOWN AND SYSTEM RESTORATION

10.1 OIL FLUSHING SHUTDOWN

10.1.1 Once the system has been verified as clean, the flush can be terminated by
stopping the flushing pump. The system must be allowed to drain as much as
possible into the main oil reservoir by opening all flushing valves.

10.1.2 Before the system can be restored all oil in the system (pipework and tank)
must be drained into an oil storage tank or a tank lorry.

10.2 LUBRICATING OIL SUPPLY MODULE RESTORATION

10.2.1 It must be ensured that during the restoration the oil system will not be
contaminated again.

10.2.2 All piping, pumps, valves, orifices, and other components that were removed
for the high velocity flushing procedures must be cleaned and re-installed.

10.2.3 If the conventional flushing procedure was performed the filter elements of the
lube oil filters must be replaced. Also the lifting oil filter elements must be
checked and, if necessary, replaced, too. Complete sets of new filter elements
are supplied by SIEMENS with the Lubricating Oil Supply Module for this
purpose.
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10.2.4 The interior of the reservoir and the tank strainer must be cleaned and
inspected to ensure that it has been restored to the proper configuration.
Especially it must be ensured that all inside areas are cleaned carefully
including those areas not touched by oil (e.g. underside of tank cover).

Caution
Do not contaminate the oil reservoir interior when working in it. Clothing and
shoes must not contain any foreign matter that could contaminate the oil or
damage the bearings when the reservoir is filled and in operation. Verify that
tools are not left inside the reservoir. Failure to maintain a clean oil reservoir can
result in serious damage to the turbine generator.

10.3 BEARING PEDESTAL RESTORATION

It must be ensured that during the restoration the oil system will not be contaminated
again.

Caution
Do not let foreign material enter the bearings and bearing housings when the

bearings are restored. Contaminants in the bearings can result in extensive
damage to the turbine generator. Carefully follow appropriate procedures.

All piping, hoses, spool pieces, valves, orifices, and other components that were
removed for flushing must be cleaned and re-installed.

10.4 SYSTEM REFILLING
The refilling of the reservoir must be done via a fine mesh filter (< 5 microns absolute).
If a different type of oil is used for flushing and turbine generator lubrication service an
oil sample must be taken and analyzed according to item 4.4.2.

10.5 Replacement of filter elements

After oil flushing is completed the used filter elements must be replaced by new
elements before turbine commissioning starts
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APPENDIX 1: PUMP CURVES FOR LUBE OIL PUMPS

The following pages provide the pump performance curves for the 2x100% AC driven centrifugal main
oil pumps MAV21AP021 and MAV21AP022 (see drawing xxxxx-981136). The pump performance
curve for the DC driven centrifugal emergency oil pump MAV24AP001 is not provided. This pump (as
well as the lifting oil pumps) shall not be used for the main system oil flushing. According to item
8.11.3 it shall only be operated after the system cleanliness has been achieved and the module has
been restored for normal operation. Thus the pump performance curve is not needed to evaluate the
system performance for flushing.

The type of main pumps being installed depends on the total required volumetric lube oil flow rate
(with clean lube oil filters) for the bearings. The maximum value for each bearing is listed on drawing
xxxxx-981119 (see figure 8 on next page).

The lubricating oil supply module has been designed for a lube oil re-circulation with a frequency of
<10 cycles per hour. The module has been standardized to five sizes, each module size being a
function of the total volumetric oil flow rate. The capacity of each main lubricating oil tank is
compatible with the respective module rating. The following table gives an overview of the
standardized modules:

Module Oiltank Total lube oil volumetric flow rate
term Volume during | Tank volume (module operating boundaries)
operation m3/h US gps

S 10 m3| 353 ft3 | 14 m3| 494 ft3 >36t0<72 > 2.64t0 <5.28
> 72 t0<100,8 >528t0<7.4

M 16 m3| 565ft3 |25 m3| 883 ft2 | >100,8to <162 >7.410<11.89

L1 20m3| 706 ft2 |32m3|1,130ft3| >162t0<198 |>11.891t0<14.53

L2 25m3| 883 ft3 |40 m3| 1,412 ft3 > 198 < 252 > 14.53 <18.49

L3 30 m3| 1,059 ft3 | 48 m3 | 1,695 ft3 > 252 <299 > 18.49 <21.93

For each module, the main lube oil pumps are standardized corresponding to the module size
(maximum operating flow rate of module). An exception is made for the module size S, in which two
pumps with different maximum capacities are used.

If the total required volumetric flow rate is below the pump capacity, the oil flow will be throttled for
operation to the actual required flow rate. If an oil module is supplied without a main lube oil throttle
MAV21AA051 the total required oil flow rate for the bearings is identical or slightly below the pump
capacity. The selection of the emergency oil pump depends on the actual oil required.

In case of operating simultaneously two full size main oil pumps (mounted on the reservoir) the
header pressure at the oil module terminal point must not fall below a limit of 2.5 bar (36 PSI) during
oil flushing in order to avoid high load on the main oil filter elements.

Based on the total required volumetric lube oil flow rate for the bearings and the power system
frequency the pump performance curve for the installed main oil pumps can be found on the following
pages.

The curves on page 30 et seqq. have been calculated for:

— Oil temperature: 20°C (68°F)
— Density: 0,84 kg/dm3 (52 Ib./ft3)
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— Kinematic viscosity: 85 mmz?/s (93.5E-5 ft.2/sec.)
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Einstellung der Drosseln im Schmierélsystem und der Wellen-Anhebedldriicke
Adjustment of throttle valves in the lube-oil system and the lifting-oil pressures of the shaft

in vermedkt, Eine Optimierung der
elc.} ist bei diesen Lagemn nicht zuldssig.
der Oldrossaln gema Einstelldatenblatt

Z : 1262170 - 1282177,

ist dann zu
{(anhand der

Kritarium, Dar

= It nur dar
sLagers g nach D van |
pec = ﬂnhabeuld'uck kurz vor Anheben der Welle

« pe = Zulhrdruck bei angehobener Welle

[Es ist angenommen, daf sich der Druck vor Lager bai verschmutztem Filter um 0,2 bar verringert. Der max. erlaubl
Filterdruckveriust darf 1.2 bar nicht Bbarschreiten

ben, so erolgt die Einstell

value is the determinati]
optimize the lube oil flov
If only a Tow rate is gwe

—
| Schmier- und Kihlol / lube cil and coeling oil Anhebedl / lifting oil
KKS DN Einstellwert bei sauberem Anhebedldricke bei h = 0,07 mm (70 um)
= Filter lifting oil pressure at h = 0,07 mm (70 um)
2 Q setting value at clean filter
&g Lagerstelle Lager Messstelle Drossel Druck vor Bimeng, o]} bei peo pe
'z'. o journal area Bearing Gage-point throttle Lager oil volume verschmutzem Filter
= pressure minimum oil volume at
befora bearing | pollutet filter
E 5 | Stemlager MAD11 MAV4ZCPA1Z 40132 713m'h 88.5 bar 66.6 bar
| star bearing 1.5 31.4 gpm 1284 psi 066 pai
H 4 | Komb. Radial- u. Axiallages MAD12 MAV42CP414 BO 18" bar 48.5.50.0m'h 454 mh 98.8 bar 98.8 bar
combined thrust and journal bearing 3 23" psi 214-220 gpm 200 gem 1433 psi 1433 psi
H 3 | Radiallager HD MAD13 MAV42CP41E 40032 BEmMM 23.7 bar 23,7 bar
journal bearing HP 1.5° 37.9 gpm 344 psi 344 psi
Geno | 2 |Radiallager vorn (DT-Seite) MKD11 MAV44CP412 40 1.03 " bar 21.6226m'h 19.4 m'h 124.1 bar 124.1 bar
| journal bearing TE 1.5 15 % psi 95-99.5 gpm 5.3 gpm 1800 psi 1800 psi
Geno 1 | Radiallager hinten {Erreger-Seite) / journal MKD12 MAV44CP414 50 1.03 *" bar 31.3-328m'h 28.1m'h 124.1 bar 124.1 bar
bearing EE > |5"’a’ |38—|-M.5ﬂ |23.95ﬂ 1800 psi 1800 psi
Bemerkungen Notes
«»  Die Zahl in der Spalte «Nr, PPl ist eine interne Relemznummer von der Siemens Power Generation. *  The numbaer shown in cllumn =No, PP-Qil« is an internal reference of Siemens Power Generation only,
» Alle Einstellwerte baziehen smh auf sine Ottemnperatur am Lagersintritt von 50 °C [122°F). # Al setting values refer il an oil temperature at bearing inlet of 50 °C [122°F).
+ DasD: l} darf nur auf max. 155 bar [ 2248 psi] eingestellt warden. «  The pressure relief valf| jacking oil) shall only be adjusted 1o a pressure of 155 bar [ 2248 psi].
= It f0r Schmier- und KOhIS! bei -Emshellwsrt bei sauberem Filter- der Druck angegeben, so ist dieser das filhrende #  Ifin the column =sattinglralue at clean filter- only a pressure value is given for the lube oil and cooling oil, than this

) criteria. In this case, the ol flow rate is given in brackets for verfication. It is not allowed to
rate for this bearings (using return flow temperature, metal temperature, atc.)
, than the adjustment of the: throitle shall be done according 1o the dala-sheet
nach D

wvon Lags

peo = lifting ml pressuns
pe = pressure at lifted s§
Iti= assumed that the p
maximun allowabde pred

it
te -

[Rev. | Datam [Gote | Beschisibung car Andirung Namen
Diate Page | Description of chance Mames.
gepes trgeg
cheched | mlesnec

pvith rotor not lifted just before lifting

bazure in fromt of the bearing will decrease by 0.2 bar [2.9 psi] in case of a diny filter. The
jure drop of the main oil filter should not exceed 1.2 bar [17.4 psi].

. drawing number 1252170 = 1252177

Siemens AG - Power

—
= o - i
T rm— ——
| o g [ wems
E(wn A e erarrung i oo
ﬂ'ﬂd.m:\zn: 3 Oldrossel-Einstelldatenblatt
s Jecka | Rt Data-sheet for a:l]uslmant of oil thrattle valves  AD173AB4TE
o Yo |1 Them I, T
e ——— e 10552981115 A1
ot oyt G
Ut riche
G-Erraguy. gt

v

P
Mirgha inciusng
are rovsrved

i o scaie

Schmier- und Kiihlél / lube oil and cooling oil MaBstab / Scale: [Swzi““ﬂ“""fswd"*ﬂ“"": KUN 351.00
Einstellwert bei sauberem Senenmeno e
Filter Oldrossel-Einstelldatenblatt
setting value at clean filter Data-sheet for adjustment of oil throttle valves ~ A0179A6476
Druck vor Olmenge minimale Olmenge bei | ZeichnungsNr.crawing no. ngex__[Blatt
Lager oil volug"le verschmutzem Ig=ilter 10552-981119 A J1-T
g Waeitergabe sowie Vsmsl!an-gung diesar Untarlage, Varwem.ung und Mitteilung thras Inhalts
bef%r;eesbs::in minimum oil volume at "&mﬁ'ﬁiﬁﬂﬁﬁe’&ﬂm insbesondere fur den Fall der oder MaBe nicht
1 M in ifbar
g pO"UtEt fl“er G o of use of this & of its contents is not permitied Na;glr:::;e
713 ma},h wlmout BXPrESS writtan autherity. O{'_Jena_;rs will be lable for damages. All rights, including
? rights created by patent grant or of a utility medel or design. are reserved.
31.4 gpm
1.6 """ bar 48.5-50.0 m*h 0.4 mh - - -
23 "% ps 214-220 gpm 200 gpm > required max. lube oil flow rate for bearings
8.6 mh m3/h US gpm
37.9 gpm 7,13 31.4
1.03 *°" bar 21.6-22.6 m*/h 19.4 m¥h 50,00 220.0
15 *'* psi 95-99.5 gpm 85.3 gpm 8,60 37.9
1.03 "' bar 31.3-32.8 m*h 28.1 m*h 22,60 99.5
15 "% psi 138-144.5 gpm 123.9 gpm 32,80 144.5
| total 121,13 533.3

For the total required maximum lube oil flow rate of 121,13 m3h
(533.3 US gpm) an Oil Module with size M is used.

Figure 8: Determination of total required maximum oil flow rate for bearings
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APPENDIX 2: MINIMUM OIL LEVEL FOR OIL FLUSHING WITH LUBE OIL MODULE PUMPS
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No. Description
1 Lube oil pumps
2 Emergency oil pump
3 Lifting oil pumps
Oil levels (measured from underside of tank roof)
Module | normal (Nn) | high (Nh) | high, high (Nh,) low (Nm) low, low (Nm,) minimum suction level for pumps
size Lube oil/Emergency oil | Lifting olil
S 500 mm 450 mm 400 mm 550 mm 600 mm 790 mm 550 mm
19.7¢ 17.7¢ 15.7¢ 21.7¢ 23.6" 31.1¢ 21.7¢
M 670 mm 620 mm 570 mm 720 mm 770 mm 865 mm 720 mm
26.4" 24.4" 22.4" 28.3" 30.3" 34.1 28.3"
L1 850 mm 800 mm 750 mm 900 mm 950 mm 1165 mm 900 mm
33.5¢ 31.5¢ 29.5" 35.4" 37.4¢ 45.9 35.4"
L2 920 mm 870 mm 820 mm 970 mm 1020 mm 970 mm
36.2" 34.3" 32.3¢ 38.2" 40.2" 38.2"
Note: The illustration on the above figure is indicative only and may differ from the actual

module configuration and design.
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1. SCOPE

This specification covers the requirements for design of the interconnecting piping for the
steam turbine-generator lubricating oil system.

1.1. Responsibilities of the pipe designer:

The pipe designer shall be responsible for the design, analysis and specification of the
interconnecting piping systems in accordance with:

ASME B31.1 when designing according ASME
VGB R503 M and VGB R510 L when designing according DIN EN / 1ISO

1.2. Information to be Provided by Siemens PG

Siemens PG will provide information required by the Designer as given in Section 11.
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2. GENERAL

2.1. Confidentiality of Documents

This specification, as well as confidential information therein, is the property of
Siemens PG. It is made available solely for the purpose that it is furnished, and is to be
returned upon request. Neither this specification, nor any information obtained there
from, is to be reproduced, transmitted, disclosed, or used otherwise, in whole or in part,
without the written authorization of Siemens PG.

2.2. National Standards

Specific standards issued by the following organizations shall apply where referenced
in this specification. It shall be the Designer's responsibility to obtain copies of all
referenced documents and drawings.

ANSI American National Standards Institute
ASME  American Society of Mechanical Engineers
ASTM  American Society of Testing Materials

or where required

DIN EN Deutsches Institut fir Normung / European Norm

ISO International Standard Organization

EG Maschinenrichtlinie

Druckgeréaterichtlinie 97/23/EG / Pressure Equipment Directive (PED)
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3. PIPING SYSTEM DESIGN REQUIREMENTS

3.1. General

The Designer shall design the complete oil piping system for the steam turbine
generator unit. The piping system consists of the interconnecting piping between the
turbine-generator unit and the lube oil module, including hardware required for field
assembly.

3.2. Description

The oil piping system is comprised of four types of piping lines:
o Lube oil supply lines that carry pressurized lubricating oil from the lube oil module to
the turbine-generator bearings.

¢ High pressure oil from the lube oil module to the bearing lift and hydraulic turning
gear system

¢ Drain lines that return un-pressurized bearing and lifting oil to the lube oil module.
e Vent lines that connect bearing pedestals to the oil reservoir vapour extraction
system.

3.3. Equipment Interfaces

Piping equipment interfaces are located at the following pieces of equipment:

e Lube Oil Module
e Turbine Bearing Pedestals
e Generator Bearing Pedestals or enclosure

3.4. Influences on turbine oil

All parts which come in touch with turbine oil must be free of non-ferrous metal and
silicon. The presence of silicon has a detrimental impact on the properties of turbine oil,
which can lead to premature re-charging.

Gaskets used must be suitable for having permanent contact with turbine oil. The
gasket material must not be dissolved by the turbine oil or cause any contamination to
the turbine oil. The gaskets must be designed for the system design conditions shown
in the system diagrams.
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4. PIPING DESIGN REQUIREMENTS FOR LUBRICATING OIL AND VAPOR LINES

Size and arrangement of lines comprising the interconnecting piping must be in accordance
with the applicable Steam Turbine P&ID drawings and STIM-03.002.

4.1. Pipe Routing and Supports

The pipe routing must be done according to the Siemens PG system diagram (P&ID).
Any deviations from this must be immediately reported to Siemens.

Any deviation is only accepted when this has been approved and accepted by Siemens
in a written form.

Piping must be arranged such that it is inherently sufficiently flexible to allow for
construction without substantial stresses.

Adequate flexibility is achieved when all stresses due to forces and moments at all
locations in the piping as well as connected components remain within allowable limits
under all operating (and shutdown) conditions. Leak tightness of the flange
connections is not permitted to be affected.

In general, the pipe routing shall consider a minimum flow resistance and a gradual
rising slope to the external terminal point. Air accumulations at low level points are only
allowed, if unavoidable (filter, pressure control valve).

Bends (not elbows) must be adopted adjacent to pumps. Elbow/T-junction/elbow
combinations must not be arranged directly connected.

Bends (min. bend radius > 1.5 x diameter) can be used in the lube oil system, providing
that the following flow velocities are not exceeded:

< 2.5 m/s (8.2 ft/s) for pipes < DN50 (1%2”) and
< 3.0 m/s (9.8 ft/s) for pipes > DN50 (1%2").

Low points or drain points must be provided with an isolating valve and pipe work. They
must be routed to the tank or main return oil pipe.

Piping must be secured against vibration and/or intolerable movement by supports.

It is not permitted to have any relative movement between the pipe wall and the pipe
support component, which could, by virtue of the specific direction of this movement,
result in a negative effect on the pipe wall (e.g. thinning) or on the proper function of
the support itself.

In particular, on installing the supports, rub-points must be excluded and plastic
deformation of the piping through the piping support load contact zone must be
excluded. This does not prohibit all relative movements between the support and the
pipe; in the case that a pipe must expand, a ‘guide’ is installed in order to allow for
axial expansion of this pipe.

Furthermore, for pipe supports the following items must be considered:

Pipe supports (U-bolts) must be according to ANSI/MSS SP-58 and made from the
same material type as the pipes. If stainless steel is not specified explicitly it is allowed
to use materials with Dacromet coating (a coating which consists of an inorganic carrier
to which zinc and aluminium particles are bonded). It is allowed to use carbon steel
supports for stainless steel pipes if direct contact with pipes and supports is avoided
(e.g. by using inlaid spacers made from suitable material).

Only for projects with pipe design according to DIN:
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¢ Pipe supports according to DIN 3015 for pipes up to DN50.
¢ Pipe supports according to DIN 3567 for pipes greater than DN50.

On installing stainless steel piping, the accompanying supports are to be installed with
a stainless steel strap. U-bolt clamps are not allowed.

All nuts of screwed joints must be secured with washers.

Nuts, bolts and washers must be made from the same material type as pipes. If the
stainless steel is not specified explicitly it is allowed to use materials with Dacromet
coating (a coating which consists of an inorganic carrier to which zinc and aluminium
particles are bonded).

4.2. Slope and flow resistance

All horizontal piping runs must have a continuous gradual slope toward the lube oil
module of = 1° (1.2 in. per foot). The piping system must be free from low point traps
that would prevent any oil in the pipe from returning to the lube oil module upon
shutdown.

The pipe routing must consider a minimum flow resistance. The maximum pressure
loss in front of the bearing in given in the P&ID xxxxx-981131 must not be exceeded.

4.3. Drain lines

The Oil Drain Lines are designed to be half filled on a continuous slope of = 1° (1.2 in.
per foot). Lines from the bearing pedestals to the Oil Drain Manifold must be designed
with the greatest possible slope. Drain line sizes given in the system diagrams (P&ID)
are designed for a slope of 1°. Sharp bends are strictly to be avoided. The amount of
bends, t-pieces and fittings must be kept to a minimum to avoid backpressure. A higher
backpressure can lead to flooding of the bearings and to a fire hazard.

The connection of two drain lines in a Y-Form must be avoided, due to the possibility of
unfavorable back flow.

Vertical parts within each oil drain branch line coming from a bearing drain connection
to the oil drain manifold must not exceed 1,3 m (50 in). Deviations to this can cause
higher back pressure or blocking effects within the oil drain branch or the oil drain
manifold and can also effect negatively the degassing within the oil back flow.

4.4. Vent and oil vapor exhaust lines

4.4.1.Pressure Loss

The pressure loss in the oil vapor exhaust manifold between terminal point A14 at
the lube oil module (see Steam Turbine P&ID drawing) and outlet to atmosphere
must not exceed 5 mbar (0.0725 psi) at an airflow of 0.1 m3/s (26.42 U.S. gps). It
must be considered that the operation temperature of the oil mist can be between
30 °C (85 °F) and 70 °C (160 °F).

For calculation it must be assumed a concentration of 60 mg oil at cubic meter
(under normal conditions).

4.4.2 Location of vent branches
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For venting of air spaces all branches for vapor exhaust pipes must be located on
top of horizontal return flow manifold. The slope must be at least = 1° (1.2 in. per
foot)

4.4.3.0il vapor connection to header

FROM THE E-TURBINE

At E-turbine 50 Hz series the oil vapor connection is arranged lower than the
header of the vapor system. Therefore a drain loop between the lowest point of the
vapor extraction pipe and the oil return flow pipe must be installed. The given
dimensions and details must be considered.

4.4.4.Dirt Trap
A dirt trap in the oil vapor header must be installed. The location must be close up-

stream to the inlet of the lubricating oil module (connection point A102), see P&ID
XXXXx-981132.

4.4.5.Lubricating Oil Vapor System
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Turbines and generator without oil vapor connections, e.g. gas turbine and air
cooled generators, must have a branch connection in the oil return line close the

connection at the turbine, see diagram.

MIN. DIAMETER DN 40 |(

MIN. DIAMETER DN 80 ( NPS 3")

500mm | 20 in. |

i
\

LUBRICATING OIL RETURN LINE

OIL VAPOUR ARRANGEMENT FOR TURBINES / GENERATORS
WITHOUT OIL VAPOUR CONNECTION

4.4.6.Hydrogen Cooled Generators

At hydrogen cooled generator it is strictly forbidden to connect the oil vapor
exhaust on to the turbine oil vapor exhaust system. Hydrogen cooled
generators must be equipped with a separate oil vapor extraction as a part of
the generator piping systems.

It is required to equip the lifting oil cut connections for the generator removal
with AVIT screw joints instead of flanges. This reduces the bending moment of

the small lifting oil pipes.

4.5. Special Features
4.5.1.0Il Throttles
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HORIZONTALY ARRANGED

FROM OILMODUL

=

LOCATION OF LOCAL PRESSU
MEASUREMENT
LUBE OIL FLOW LINE

Lube oil throttle valves must be arranged in horizontal position. The local
pressure measurement nozzle must be arranged close to the throttle valve
according to the given distances. The requirements for the pressure
measurement in STIM-10.005 must be considered.

The distance between the bearing and the oil throttle should preferable within
1.5 m (59 in.). A short distance to the bearing reduces the flushing time,
because it minimizes the welds behind the strainer inside the throttle.

4.5.2.Inspection Nozzle / Local temperature measurement

The lube oil return pipes of each bearing must be equipped with local temperature
measurement and inspection nozzles.

The inspection nozzle must be located upstream of the local temperature
measurement. If it is located downstream of the local temperature measurement, it
must have a minimum distance of 2 m (80 in), in order to avoid turbulence and oil
splashing in the visual area, caused by the temperature measurement. The length of
the inspection nozzle must be less than 500 mm. The inspection nozzle is a straight
piece of pipe with a threaded cap at the top. The details for the local temperature
nozzle are described at STIM 10.001.

4.5.3.Arrangement of the seal oil tank and loop

Hydrogen cooled generators must be equipped with an seal oil tank and a hydrogen
blocking loop. The loop must have at least the same diameter and height as given in
the drawing: loop seal tank.

The seal oil tank must be arranged so that the oil level in the tank is 2620 mm (104
in.) below the turbine center line, see also 22T94009.
4.5.4.Requirements on throttles valves for oil vapor exhaust

The requirements on the throttles valves for oil vapor exhaust are given in STIM-
03.005.
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4.6. Lube oil supply lines/Tank storage capacity

4.6.1.The pressure loss:

. in the lube oil system between oil module outlet at terminal point A100 (see
Steam Turbine P&ID drawing) to each bearing inlet and

o in the lifting oil system between oil module outlet at terminal point A103
(see Steam Turbine P&ID drawing) to each bearing inlet

must, under no circumstances, exceed any of the values specified on the Pressure
Oil/Return Oil P&ID and Lifting Oil P&ID respectively. Any change of line sizes
given on the P&ID’s is to be confirmed by Siemens PG.

The specified pressure losses are only friction losses. Pressure losses because of
geodetic height are covered by item 7.1.1.

4.6.2.Tank Design

The tank design takes into account the maximum storage capacity as specified in
the following table for backflow of oil from lube oil supply piping, lube oil return
piping, lifting oil supply piping and the generator seal oil tank. An oil charge, which
exceeds these margins, will result in a tank overflow.

Tank volume for oil module no. 1 (single shaft plants)

Module Volume o_luring Tank Volume Storage Term

Term operation Capacity
S 10 m3 (353 cu. ft) 14 m3 (494 cu. ft)) 40 % 10/14
M 16 m3 (565 cu. ft.) 25m3 (883 cu. ft.) 60 % 16/25
L1 20m# (706 cu. ft.) 32m3 (1130 cu. ft.) 60 % 20/32
L2 25m3 (883 cu. ft.) 40 m? (1413 cu. ft.) 60 % 25/40

Tank Volume for oil module no. 2 (multi shaft plants)

Module Volume during Tank Volume Storage Term

Term operation Capacity
S 12m3 (424 cu. ft) 16 m® (565 cu. ft.) 33% 12/16
M 19m® (671 cu. ft) 28m?® (989 cu. ft.) 47 % 19/28
L1 24m® (848 cu. ft.) 38 m3 (1342 cu. ft.) 58 % 24/38
L2 32m® (1130 cu. ft.) 45 m3 (1589cu. ft.) 40 % 32/45
L3 42m? (1483cu.ft) | 63m3 (2225cu.ft) 50 % 42/63

4.7. Oil piping, including oil gauge connections
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Oil piping, including oil gauge connections, up to and including one and one-quarter
inch nominal pipe size, must be made to provide ample clearance for expansion using
liberal spacing of supports and long radius bends wherever possible.

4.8. Equipment Accessibility

The piping system designs must provide for accessibility to and ease of dismantling of
piping, instrument connections, and equipment, and in-service inspection. Piping
around equipment and heat exchangers must be arranged and supported to permit
ready access for maintenance and inspection.

All regulating valves, shutoff valves, bypass valves, check valves, relief valves and
equipment which may require servicing shall be located so that they are be readily
accessible from permanent platforms or ground level.

4.9. Ambient temperature

Independently of the ambient temperature it must be ensured that the necessary oil
start-up temperature of 38 °C (100 °F) in the tank can be reached to allow the start-up
within a time, which is acceptable to the customer.

e For outdoor arrangement the requirements in STIM-12.004 must be satisfied.

¢ For indoor arrangement it must be considered that insulation of tank or entire pipe
work is not permitted.
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5. DESIGN OF LIFTING OIL LINES

5.1. Design requirements

High operational pressure with considerable pressure fluctuations and small pipe
diameters with susceptibility to vibration excitation are the characteristic features of the
lift oil pipe system.

From this results the necessity that all elements of the lift oil pipe system must
thoroughly be designed against static and fluctuating internal pressure and that the
arrangement of pipe supports must satisfy the contradictory criteria of vibration
suppression and limitation of the loads due to thermal expansion and movements at
the pipe’s terminal points.

Therefore, the following requirements must be considered in the design of the lift olil
pipe system:

¢ Calculation pressure PC for lift oil piping: PC=250 bar (3626 psi).
The calculation pressure PC has been chosen higher than the max. allowable
working pressure in order to get a higher safety margin against hypothetic
disturbances.

The over sizing of the calculation pressure is not relevant for defining the testing
pressure of the strength test. This is valid though the original intention of the
mechanical stress test (which should comply with 95% material yield stress is not
achieved.

Decisive for the level of the value regarding strength durability pressure is the max.
allowable pressure PS.

e pressure fluctuations:
from O bar to full operation pressure 200 bar — 10000 cycles
operation pressure of max. 200bar + 25 bar (2901psi + 363 psi), frequency 10 Hz to
70 Hz - indefinitely
operation pressure £ 5 bar (73 psi), frequency 70 Hz to 150 Hz - indefinitely
¢ self weight of the pipe system
e thermal expansion of the pipe and movement of the terminal points — 10000 cycles

¢ vibrations of the lift oil pipes at all operating situations of the T/G set (steady state,
transient, turning gear operation), sources of potential vibration excitation are:

- pressure fluctuations (see above)

- vibration of the lift oil systems terminal points
(pump and bearings of the T/G—set)

- expected vibration amplitude is less than * 200 micrometer. frequency 10 Hz to
70 Hz.
¢ load limitations at the pipe connections at the lift oil piping system’s terminal points
¢ earthquake loads as specified in the T/G sets order

e The lift oil pipes in the vicinity of the pipe couplings must be protected adequately
against stepping. If this is not the case step protectors must be installed.

The design of the lifting oil pipes must be in agreement with Standard EN13480-3
(European Standard) part 3 “Metallic Industrial Piping, Design and calculation”
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In cases when the EN 13480-3 is not applicable, ANSI Power Piping Code ASME
B31.1 may be used alternatively as design code.

In addition to the stipulations in the design codes following load limitations are valid:

nominal vibration stress in the whole lift oil pipe system
0 £ 20 N-mm?

nominal stress at the terminal points due to thermal expansion and movement of the
terminal points
0 <50 N-mm?

nominal stress at the terminal points due to the pipe’s self weight
0 £ 20 N-mm?

5.2. Features of good design practice

An Isometric Drawing of the lifting oil piping system with all connected branches
must be created as basis for the structural analysis and design calculations

Avoidance of unnecessary discontinuities and / or stress concentrators (e. g.
reducers, pipe couplings, pipe elements with notches)

Applicable only for single shaft arrangement: The compensator in front of the GT
must be pre-stressed according to the movements of the GT, see example 2 & 5.

Pipe elements which cause more than insignificant raise of stress level (reducers, T-
pieces) are not allowed in the vicinity of the pipe system'’s terminal points (minimum
distance 1.5 m = 60 in).

the requirements of Siemens Piping Design Information STIM-03.002 must be met.
the complete lifting oil must to be protected against vibration

connections to components (e.g. pumps, filters, bearing pedestals) must not be
loaded with pipe’s weight (stress limit < 20 N/mm?2)

U-bolt clamps must not be used for fixing the pipes

The pipe’s support arrangement must be designed for sufficient flexibility against the
effect of thermal expansion plus movement of the terminal points for adequate
stiffness for avoidance of unallowable pipe vibrations under the load cases
described under 5.1.

The lifting oil lines must be protected against stepping.
The requirements of section 5.3 must be considered.

It must be proven that the design of the actual lifting oil line satisfies the requirements
above. The evidence must be provided to Siemens upon request.

Following design rules may be helpful for achieving appropriate design of lifting oil
pipes:

The pipe support spacing must not exceed the given maximum distance;
consideration of potential vibration failure is not necessary when the suggested
support spacing for vibration strength is used.

DN/ NPS Maximum allowable pipe suggested support spacing for
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support spacing vibration strength (to > 70 Hz)
15/0.5” 20m (6.5 ft) 0.75m
20/0.75” 21m (7.0 ft) 0.85m
25/1” 25m (8,5 ft) 0.95m
40/1,5" 3.0m (10,0 ft) 1.10 m

¢ Itis recommended to bundle the lifting oil lines with other oil pipes of larger diameter
(e. g. the lube oil return line) in order to combine sufficient large support spacing
with the requirement of short distance between the supports of the small diameter
pipes for vibration proof design.

e The piping support spacing must not be exceeded also where expansion loops or
legs are required in order to maintain lifting oil line. Supports in this area must be
designed as partly fixed point (with more degree of freedom) or vibration dampers.

o Flexible elements like angular compensators or hoses must be supported rigidly in
the immediate vicinity of the front and end couplings, see figure 4. Additionally these
elastic elements must be protected against vibration.

Application of these design rules does in no way relieve the pipe designer from

responsibility for proper design of the lift oil pipe system in accordance with the

requirements given in 5.1.
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5.3. Special Features of the lifting oil line

5.3.1.General Example for the design of the lifting oil line

BEISPIEL 1
EXAMPLE |

ALLE LAGER AUSSER E-TYPE (STERNLAGER)

The first fix point must
ALL BEARINGS OTHER THAN E-TYPE (STAR BEARING) be arranged so, that

the distance from the
o component does not
Avit Fitting exceed 30 x NPS and
S the second fix point
Aoy must not exceed 70 x
< NPS.

LAGER/BEARING

Gehoert zu Beispiel |
BELONGS TO EXAMPLE 1
Festpunkte/Fixpoints (1)(2
Ausf./Type A
BUNDELING AT OIL RETURN PIPE

BUNDELING AT OIL RETURN PIPE s -
The lifting oil line

should be
bundled together
VERSCHRALUBUNG ~ . .
PIPE UNION 1Y) _ W_Ith the oil return
COUPLING e pipe
ROHRSCHELLE
PIPECLAMP
PROF ILE/PROF ILE 5]
i e
RUECKLAUF
RETURN LINE

ROMRSCHELLE - -
PIPECLAMP ! q P ‘
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Beispiel 3 7 Examample 3

Unterstuetzung/support This type of pipe clamp is the

Laengs & uer = fres 7 axint & eross = frae U ideal application of fixing the
lifting oil line. The elastomer
E CB}Fr_e_l insertion is strong enough to
B £ i keep the pipe in position
Frei without constricting and

scrubbing the pipe.

Beispiel 4 7 Examample 4
Fuehrung/GUIDE Fu

Laengsrichtung frei / axial free

N ’E [BB Frei To make a guide, only a washer
g8 can be set in between

Distanzscheibe DINIZS
Washer DIN12S

Siemens Power Generation “This document contains proprietary information. It is submitted in confidence
and is to be used solely for the purpose for which it is furnished and returned
upon request. This document and such information is not to be reproduced,
transmitted, disclosed, or used otherwise in whole or in part without written
authorization.”







Turbine Generator Lubricating Oil System

Document No.: STIM-07.001
Revision/Date: 9 2006-08-26
Page: 20 of 32

Steam Turbine Information Manual

5.3.2.Example for IL-turbine

EXAMPLE 2

ANSCHLUSS BLOCK

DREHEINRICHTUNG
HYDROMOTOR
CONMECTION
CONTROL UNIT
TURN GEAR
e Ry
VERSCHRAUBUNG
PIPE UNION
COUPLING
MOVEMENT ——

Bewegung +X

ANHEBEOEL '1
LIFTING OIL ,
-------- e, *2 v @&‘%
[ Stiffener
ACHTUNG RTTENTION

Im weiteren Verlauf der Rohrleitung,ist die Bewegung des Lagers
bei Halterungsausfihrung zu bericksichtigen. (Fihrung,Unterstitzung)
THE PIPE SUPPORTS IN THIS AREA (AXIAL WITH RESPECT TO TURBINE)
MUST ALLOW FOR PIPE DISPLACEMENT DUE TO TURBINE
EXPANSION DURING OPERATION. ( GUIDE,SUPPORT )

siehe Beispiel 3 & 4 / see Example 3 & 4.

v BEISPIEL 2

ACHTUNG/ATTENTION

AUSFUHRUNG E-TURBINE / STERNLAGER
LAYOUT FOR E TURBINE / STAR BEARING

Festpj_kte/Fixpoints (¥ (3

LOCATION
E-TURBINE EXHAUST FLANGE
( ADJACENT ZO CONDENSER )

ANSCHLUSS AN GEHAEUSERIPPEN
1) GEHREUSE = SEHHEISSHUSEUHRUNE
ANSCHLUSS GESCHWETSST L4 1.

2)GEHAEUSE = GUSSTEIL AUSFUHRUN
ANSCHLUSS GESCHRAUBT @ MI6

CONNECTION AT FLANGE CRSING
I1JCASING = WELDING CQNSTRUETION
CONNECTION WELDED .4

2)CASING = CASTING JOINT imar.
CONNECTION SCREWED @HMIE
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5.3.3.Example for the gas turbine V94.3a only
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Support for the angle screw joint

IIE-{20BE-ZIER-E7

INSPECTION NOZZLE

NONRETURN VALVE MEASUREMENT

\ LOCAL PRESSURE
\

LOCAL PRESSURE
MEASUREMENT

LUBE OIL FLOW LINE @
LIFTING OIL
\E,T _______ .'*55.:7*"' ]

OIL VAPOUR T

EXHAUST SN - —— =
Qgr_w_,_‘_,_,q']? __________

LUBE OIL RETURN

LOCAL TEMPERATURE
MEASUREMENT

The details shown must be considered at gas turbine lube oil and lifting oil connections.
Due to the high thermal expansions of the gas turbine, bellows must be arranged.
Special design criteria like thermal expansion or pre-stressing of the compensators
must be provided by the gas turbine.
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6. PIPING CLEANING

All oil piping must be flushed after erection in accordance with STIM-11.005.

7. LUBE OIL MODULE

Refer to drawing XXXXX-980242 when locating the module. The arrangement drawing must
be returned to Siemens PG approved or with comments as soon as possible. If revisions are
required the drawing will be revised and resubmitted to the purchaser for final approval.

7.1. Characteristics of the lubricating oil module

The following characteristics of the lubricating oil module must be observed:

e The height difference between the lube oil pressure nozzle the module (terminal
point A100) and the centerline of the turbine must not exceed 5.5 m (18 ft.).

e The given values in items 4.2 and 7.1.1 must, under no circumstances be exceeded.
The oil module is equipped with electric driven main oil pumps. Exceeding the
values will lead to malfunction of the oil system, because it is not possible to
execute the switch over between the main oil pumps and the main oil and
emergency pump. This leads to a collapse of the whole oil system.

e It must be insured to take away or collect clean or dirty oil drained from the
connections A37, A57 and A98 of the lubricating oil module.

7.2. Outline dimensions

Outline dimensions and purchaser’s connections are shown on “Lubricating Oil Module
Outline” drawing.

7.3. Cleanliness of lube oil module
The lube oil module will be delivered clean per ISO 4406 class 20/17/14. The
cleanliness is only guaranteed as long as the module will not be contaminated on site
by using it for flushing (refer to STIM-11.005). Also any intake of dirt during storage on
site into the tank, the pipe work or any component will invalidate the guarantee of the
cleanliness.

7.4. Ready for commissioning operation
After flushing is finished the erection contractor is solely responsible for providing the
module ready for commissioning operation. Also he has the full guarantee for the
cleanliness of the entire oil supply system (module and pipe work).

7.5. Environmental influences

It must be ensured that the oil module is stored in a manner that it is protected against
environmental influences at the site.

7.6. Emergency oil pump
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The battery-operated emergency oil pump contained in the scope of supply serves in
the event of station blackout to supply lube oil during coast-down of the line of shafting
only until the shaft comes to a standstill (around one hour). If AC-power supply is still
not available after this period, damage can be expected to occur in the bearings, in the
form of melting of the babbitt metal due to the journals being heated up by the hot
turbine rotors.

7.7. Coast-down without lifting oil

In case of coast-down of the turbine to a stand still without lifting oil and only with lube
oil, it takes approx. 3-4 days until it will be possible to start turning gear operation
because of thermal misalignment.

7.8. Maximum oil temperature for lifting oil pumps

The maximum allowable oil temperature at which the lifting oil pumps can be operated
is 75 °C (167 °F). In the case of turbine coast-down without having the cooling water
system available for a time period over 15 minutes the oil temperature inside the tank
will exceed operation limit of the lifting oil pumps. Thus to increase plant availability it is
recommended for lifting oil, lube oil and cooling water to be available in sufficient time
in the event of a station blackout.

7.9. Loss of cooling water during turbine operation

7.10.

7.11.

In the case of loss of cooling water a turbine trip must be initiated after 2 min.

Due to numerous factors that may adversely affect bearing metal temperature under
these conditions Siemens PG cannot guarantee that a unit will shutdown without
bearing damage.

Emergency diesel
If there is a possibility that AC-power supply may be unavailable for extended periods it
is recommended that an emergency diesel be provided to increase plant availability.

The standard scope of supplies does not include an emergency diesel for providing the
AC-power supply.

The battery system must be designed for the following (see Figure 1):
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The following voltage values at the motor terminals shall be maintained:

120v DC 220V DC

system system

[V] [V]

normal voltage 120 220

nominal voltage 125 220

maximum voltage 140 242

minimum voltage 105 198

minimum voltage at maximum starting current 113 198
minimum discharge performance:

minimum voltage during first 10 minutes 120 220

minimum voltage after 10 minutes up to 30 minutes 115 212

minimum voltage after 30 minutes up to 60 minutes 105 198

¢ When the DC Motor starts the voltage at motor terminals may fall to “minimum
voltage at maximum starting current”.

¢ The design of the battery must take into account, that the value of “normal voltage”
must be available at the motor terminals 1 second after the pump has been started.
This means that every time during pump start up the voltage must increase from the
to “minimum voltage at maximum starting current” up to “normal voltage” within 1
second.

e The emergency pump motor assembly is designed for “normal voltage” though the
nominal Voltage of DC Systems in general is given with the “nominal voltage”.

e Additionally it must be ensured that the turbine-generator is at stand still before the
supply voltage for the emergency oil pump drops under the “minimum voltage”.

The maximum allowed starts for the emergency oil pump is 10 times per hour. This is
achieved through the turbine control system logic.

The maximum allowed time between signal “pressure low” measured behind the
operating main oil pump and power supply at standby oil pump (Emergency Oil Pump
and/or Main Oil Pump) is 400 ms. This is set up in the control system. However, the AC
MCC shall be capable of 60 ms action for remaining under 400 ms change-over time.

All electrical data for the DC motor for the emergency oil pump provided by Siemens
PG does not take into account the voltage drop along the cables.
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minimum battery perfomance in case of AC power loss
for characteristics during motor start-up
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Figure 1: Minimum battery performance in case of AC power loss
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8. EXTERNAL OIL PURIFICATION UNIT

The following actions must be executed if the oil purification unit is not within the scope of
Siemens PG:

¢ In consideration of the estimated accumulation of dirt impurities, the design of the ol
purification unit must comply with the oil cleaning class 20/17/14 according to 1ISO 4406.
Required minimum dewatering performance is given in figure 2.

¢ In general it must be ensured that the adopted components (materials, adhesives,
coatings, preservation materials, oils, grease, etc.) must not have a detrimental effect on
the properties of the turbine oil and in particular on the air and water release as well as the
foaming behavior. Silicon containing materials are strictly forbidden.

¢ A back flow of oil from the oil purification unit to the lube oil supply module must be
avoided under all circumstance.

¢ The oil purification unit must not be located above the minimum operating oil level in the
main oil tank. It must also be ensured that the oil level in the main oil tank will not be
influenced whether the oil purification unit is in operation or not.

e The oil re-circulation frequency of the oil purification unit must not exceed 20 percent of
the tank capacity per hour.

e For safety reasons of plant integrity it must be ensured that any oil leakage at the oll
purification unit or the interconnecting pipes/hydraulic hoses must not effect the operation
of the lube oil supply module.
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60°C — —(FLUID VISCOSITY: 14 c¢St) FLUID VOLUME: 158 LITRES
48°C ——— (FLUID VISCOSITY: 3@ cSt) FLUID: MOBIL DTE LIGHT
28°C— — — (FLUID VISCOSITY: 8@ cSt) OPERATING VACUUM: -B.8 barg.
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NOTE. -

THE CURVES SHOWN DERIVED FROM TESTS PERFORMED ON A FULLY
HOMOGENEOUS EMULSION. IN INDUSTRIAL APPLICATIONS, IT IS
UNLIKELY THAT SUCH A WELL FORMED EMULSION WILL BE ENCOUNTERED
THEREFORE, IN MOST APPLICATIONS, REMOVAL RATES OF UP TO 4
TIMES THOSE SHOWN WILL BE ACHIEVED.

TO FIND THE DEWATERING RATE AT ANY WATER CONTENT,
TAKE THE GRADIENT OF THE CURVE AND MULTIPLY BY THE
FLUID VOLUME.

FOR EXAMPLE, THROUGH 2% (2@,088PPM) AT 48 °C,

THE RATE IS:-

-B
21980 x 18 x 158 LITRES
2.6 HOURS

= 1.2 LITRES/h

Figure 2: Required minimum dewatering performance of external oil purification
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9. PIPING SYSTEM FABRICATION REQUIREMENTS

9.1. General

The fabrication, inspection and testing of the piping system must be per the
requirements of ASME B31.1 or where required according VGB R 503 M +
VGB R 510 L, and the STIM and Transmittal Drawings.

9.2. Welding

All welding must be done in accordance with ASME B31.1 or where required according
VGB R 503 M + VGB R 510 L, and STIM-03.002.

Welded Connections

All joints between equipment interfaces should be welded. The only permissible
flanged joints are those that may exist at equipment interfaces as specified by Siemens
PG. An exception is made for flushing where it may be necessary to install additional
temporary flanged tees and permanent flanged spools. The number of welded joints
must be kept to a minimum.

9.3. Non Destructive Test

Siemens requires a non-destructive test for all lines within the lubricating and lifting oil
system (MAV). The requirements are specified in the STIM-03.009.

9.4. Hydrostatic Test

The hydrostatic test must be performed according to the requirements given in STIM-
07.004.
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10.FIRE PROTECTION

e It is recommended to install a metal sheet channel around all oil lines to avoid a fire in
case of a leakage within the oil piping. If no complete protection will be done, the following
must be observed:

Oil piping lines must be routed away from steam lines and other hot surfaces to the
maximum extent possible. If oil lines and steam lines must be routed together, the oil
piping elevation must be lower than the steam piping elevation.

¢ A hot surface for the purposes of this specification is defined to be any surface, such as,
but not limited to, the steam turbine casing, steam valves, inlet components and steam
piping, in which the metal surface temperature exceeds 177 °C (350 °F) during normal
operation, regardless of any insulation on the surface.

¢ OQil piping located directly above a hot surface must have a drip pan or similar barrier
installed between the oil piping and hot surface that will collect and drain to a safe location
any oil falling from the oil piping.

e The pipe Designer must investigate the need for drip pans or similar barriers under the
shaft oil seals at the bearing pedestals to prevent oil from falling on hot surfaces below. If
they are required, the drip pans will be furnished by the provider of the piping material.

o If the applicable Project Technical Requirements document specifies guarded piping,
shielded piping, or other additional fire protection features, these features must be
designed and provided as part of the piping system.

¢ Following preliminary design, the pipe Designer must conduct a fire hazard review of the
piping system, with particular attention given to the interface connections at actuators and
other mechanical controls and their relationship to nearby hot surfaces.
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11.INFORMATION TO BE PROVIDED BY SIEMENS PG

Siemens PG will provide the following information necessary for design of the
interconnecting piping:

e Steam Turbine P&ID showing piping flow schematic, line size, volume flow and maximum
pressure losses

e Location, type and size of connections on the lube oil module
¢ Location, type and size of connections on the steam turbine
e Location, type and size of connections on the generator
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12.DESIGNER TRANSMITTAL REQUIREMENTS

The Designer maintains analysis documentation as evidence of compliance of applicable
codes and standards in design of this piping and must provide this documentation if
requested by Siemens PG.

Figure 3: Typical design of the lubricating oil module 2.
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and is to be used solely for the purpose for which it is furnished and returned
upon request. This document and such information is not to be reproduced,
transmitted, disclosed, or used otherwise in whole or in part without written
authorization.”
















Gas Turbines- SGT6-5000F SIEMENS

Generators form GT- SGEN6-1000A SIEMENS

Steam Turbine- SST6-5000-K36-25 SIEMENS
Scheduling: The forecast dates are;

Bachaquero plant:

Unit 11-Flushing GT and GENO GT: Feb/March 2011
Unit 12-Flushing GT and GENO GT: March/April 2011
Unit 10- Flushing ST and GENO ST: Sept. 2011
Tamares plant:

Unit 11-Flushing GT and GENO GT: Jun. 2011

Unit 12-Flushing GT and GENO GT: Jul. 2011

Unit 10- Flushing ST and GENO ST: Nov. 2011

Scope of works:

The idea is, ProEnergy to supply all the necessary equipment and the supervision, labor will be
supplied by FERROSTAAL, attached you can find SIEMENS flushing procedure for ST and Geno ST,
where all the equipment related to the flushing operations is described.

For the moment we are working in getting the same information for GT and GENO GT, so we are
able also to sent to you this information.

If you have any doubts please fill free to call me on my Mobile: 00351 917600015, or on my e-mail
address .

Best Regards

Luis Andrade

Director de obra
Site Manager

Ferrostaal Lda
Erection Department / Departamento Montagem
Av. do Colégio Militar N°. 37 F - Torre do Oriente, 7° Piso



1500-180 Lisboa
Portugal

Phone +351 21 154 81 09
Fax +351 21 154 80 01
Mobile: +351 917 600 015

luis.andrade@pt.ferrostaal.com

www.pt.ferrostaal.com
www.ferrostaal.com

From: Luis Lamas

Sent: quinta-feira, 22 de Julho de 2010 8:15

To: John Stevens

Cc: aoepro@esoterioa.pt; Joaquin Mavares; Tom Gibbs; John Bryant; Manuel Paes; Luis Andrade; Jean-
Claude Hecht

Subject: RE: ProEnergy Services

Mr. Stevens,

| passed the information of your company to the Mechanical Site Manager (Mr. Andrade) which he
will contact you in case of need.
Anyway, thank you for your support

Luis Lamas

Project Director

Direct: 0049 (0) 6831 986 1846
Direct Sec: 0049 (0) 6831 986 1859
Direct Sec Lisbon: 00351 211 548 043
Mob: 00351 917273043

Ferrostaal Lda
Av. do Colégio Militar, 37F

Torre Oriente, 7° Piso

1500 - 180 Lisboa

Tel: +351 211 548 000
http://www.pt.ferrostaal.com

From: John Stevens [mailto:jstevens@proenergyservices.com]

Sent: segunda-feira, 19 de Julho de 2010 15:16

To: Luis Lamas

Cc: Ivo Cachaco (aoepro@esoterioa.pt); Joaquin Mavares; Tom Gibbs; John Bryant; Manuel Paes
Subject: ProEnergy Services

Mr. Lamas,


file:////c/manuel.monteiro@pt.ferrostaal.com
http://www.pt.ferrostaal.com/
http://www.ferrostaal.com/
http://www.pt.ferrostaal.com/

Ivo Cachaco has given me your contract information and said that you were needing oil flushing
services on two plants (Tamare and Bachaquero) in Venezuela. ProEnergy Services would welcome
the opportunity in supporting you and your team on these projects. As you may know, ProEnergy is
currently installing 39 units in Venezuela and we have a large support network of personnel in
country.

We will need a little more information about the projects such as unit type (501F, 501D, or
501D5A), scheduling of work, when the work is to be completed, is there flushing equipment on
site, do we need to supply only the labor or just supervision?

Look forward in hearing from you.
Best Regards,

John D Stevens Jr
Vice President Sales

ProEnergy Services
2001 ProEnergy Blvd.
Sedalia, Missouri 65301
660-829-5100 office
660-829-1160 fax
660-287-7676 cell

http://www.proenergyservices.com
This e-mail is the property of ProEnergy Services, LLC and/or its relevant affiliate and may contain confidential and privileged material for the sole

use of the intended recipient (s). Any review, use, distribution or disclosure by others is strictly prohibited. If you are not the intended recipient (or
authorized to receive for the recipient), please contact the sender or reply to ProEnergy Services at chowatt@proenergyservices.com and delete all
copies of the message. This e-mail (and any attachments hereto) are not intended to be an offer (or an acceptance) and do not create or evidence a
binding and enforceable contract between ProEnergy Services LLC (or any of its affiliates) and the intended recipient or any other party, and may not
be relied on by anyone as the basis of a contract by estoppel or otherwise. Thank you.


http://www.proenergyservices.com/
mailto:chowatt@proenergyservices.com

