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FOREWORD

In the late 1960s, a substantial increase in the number of reported occurrences of steam turbine
damage by water induction precipitated design recommendations from the two major U.S. steam
turbine manufacturersin an attempt to reduce suchincidents. Consequently, utilities and designers
began formulating their own design criteria because of the economic need to keep the generating
units in service. Realizing the common need for a uniform set of design criteria to alleviate this

problem, an AmericanSociety of Mechanical Engineers (ASME) Standards Committee was for
consisting of Teprt i IpTTent Trar [ers, ar i
develop fecommended practices for use in the electric generating industry.

atIves of U T equip MAanufacturers, and design consuitar

med,
ts to

This Standard, resulting from the work and deliberation of the Turbine Watet Pamage

Preventipn Committee, was approved as a Standard of The American Society of"Mecha
Engineets by the ASME Standardization Committee and the ASME Policy Beard, Codesg
Standards, on July 26, 1972.

In1979, theCommittee proposed a revision to this Standard to indude inferimation on condj
steam anld water dumps, direct contact feedwater heaters, and steam generators. This prop
revision vas approved by the ASME Standardization Committee on April 25, 1980.

The 1985 revision was approved as an American National Standard on September 13, 19§
1994, thg ASME Board on Standardization approved the disbandment of the Committe
Turbine Water Damage Prevention along with the withdrawal of the standard TDP-1. This
due to pgrceived lack of interest and use by the industry.

Subsequent interest from users and potential users forI'DP-1 convinced ASME to reconst

a result of this committee’s work, TDP-1-1985 was revised and approved as an American Nat
Standard on June 17, 1998.

Advarjces in power plant technology, mostnétably combined cycle, multiple steam generg
cycling, gogeneration technology, and modetrn plant instrumentation and control systems,
vinced the Committee to again revise the Standard. The result was TDP-1-2006. This rev}
was apptoved as an American National Standard on November 6, 2006.

The cufrent Standard is a revision of TDP-1-2006. The broad acceptance that this Standarg
received caused ASME to decide to reissue it in mandatory language rather than a recommer

hical
and

bnser
osed

5. In
e on
was

itute
. As
onal

tors,
con-
sion

| has
i ded

practice.|In addition to the.ehange to mandatory language, this revision also includes npinor

modificdtions and clarifications to the previous revision. This revision was approved 3
Americafn National Standard on February 5, 2013.

IS an

iv
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PREVENTION OF WATER DAMAGE TO STEAM TURBINES USED
FOR ELECTRIC POWER GENERATION: FOSSIL-FUELED PLANTS

1 SCOPE

This Standard includes recommended practices con-

2.1.2 However, sincemalfunctionsdo occur, imple-
ment one or more of the following steps to prevent

turbine Hnmagn due towater induction:

cerned primatily with the prevention of water damage
to steam turbihes used for fossil-fuel-fired electric power
generation. The practices address damage due to water,
wet steam, and steam backflow into a steam turbine.
The practices are applicable to conventional steam cycle,
combined cycle, and cogeneration plants. The practices
cover design, pperation, inspection, testing, and mainte-
nance of thoge aspects of the following power plant
systems and equipment concerned with preventing the
induction of water into steam turbines:

() motive gteam systems

(b) steam aftemperation systems

(c) turbine pxtraction/admission systems

(d) teedwater heaters

(a) detect the presence of water either in the turbine
or, preferably, external to the turbing before the water
has caused damage

(b) isolate the water by tmanual o1, preferably, auto-
matic means after it has been detect¢d

(c) dispose of thetwater by either mpanual or, prefera-
bly, automatic nieans after it has begn detected

2.1.3 _ No single failure of equfipment, device, or
signal, af'loss of electrical power, shall result in water
or coldsteam entering the turbine.

2.1.4 Steam lines connecting to| the steam turbine :

(e) turbine
(f) turbine
(g) start-up
(h) condens
(i) steam ge
Any conneq
water eitherb;
accumulation
herein specifiq
involvedin ca
induction intd
bines has hist
aging, experi

drain system

steam seal system

systems

er steam and water dumps

nerator sources

tion to the turbine is a potential source of

 induction from externalequipment or by
of condensed steam. The sources treated
ally are those found.to be most frequently

1sing damage toturbines. Although water
the high andiintermediate pressure tur-
rically beentecognized as the most dam-

bnice has-shown that water induction in

low pressure f

rbines.can cause significant damage and

directly or indirectly shall be designeq
saturated steam or condensate that n
while the line or portion of the line
is drained and warmed adequate
returned to service.

2.1.5 Anyautomaticcontrolsys

| to ensure thatany
hay have collected
was out of service :
ly prior to being

temused to control

steam line drain valves identified i these guidelines

shall be designed so that the syste]
initiating automatic valve actuatig
means of verifying the appropriatene
action. For example, if a drain valve §

m has a means of
n and a separate
5s of the automatic
s closed automati-

cally based on a timer, something other than the timer,

such as a level switch that would al
still present in the steam line, shall be

arm if water were
used to verify that

the timer initiation was appropriate. |

f an inappropriate

ments retroactively for existing facilities.

2 CRITERIA
2.1 Basis

2.1.1 The normal practice to prevent turbine water
induction is to

(a) identify systems that have a potential to allow
water to enter the turbine

(b) design, control, maintain, test, and operate these
systems in a manner that prevents accumulation of
water

Copyright ASME International
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vided.

2.1.6

An integrated control system (ICS) such as
a distributed control system (DCS) can, by its inherent
design, provideadditional control and monitoring capa-
bility for power plant systems and equipment. Use of
an ICS has been considered as an option for control and
monitoring potential sources that might allow water to
enter the turbine. If an ICS is available, the additional
redundancy and availability of that system shall be used
as indicated in this Standard. However, if no ICS is
provided, following the non-ICS specific requirements
is intended to still represent a conservative design for
protection from water induction.
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2.2 Definitions
2.2.1 General

cold steam: as a general rule, steam inducted into the
steam turbine with the steam temperature more than
100°F (55°C) lower than thetemperature expected for the
operating condition of the turbine, or loss of measurable
superheat. Temperature mismatches of more than 100°F
(65°C) may be permissible on a case-by-case basis, if this
has already been considered in the design of the turbine.

combined cycle: used in this Standard, a hybrid of the gas
turbine (Brayton)and steam (Rankine) cycles. Waste heat
contained in the gas turbine exhaust is fed through a

systems. The systems are generally designed to cascade
the drains to the next lowest pressure heater, with the
heaters in the feedwater system ultimately draining to
the deaerator, and the drains from the heaters in the
condensate system draining to the condenser. The drains
may be pumped forward from the feedwater heater into
the condensate line downstream of the heaters. The sys-
tem also includes alternate drains to the condenser for
start-up, shutdown, and emergency conditions.

motive steam: a steam system that supplies steam to a
steam turbine for the primary purpose of power produc-
tionor toan auxiliary turbine such as a boiler feed pump
drive turbine. The term “motive steam” is intended to

heat recovery steam generator that produces steam that
is expanded through a condensing steam turbine to pro-
duce power.

conventional steam |(Rankine) cycle: steam is produced by
heating water in asteam generator and then expanded
through a steam tfirbine to produce power.

2.2.2 Systems

admission steam (igduction steam): steam admitted to a
steam turbine thropgh an extraction/induction opening.
During certain opg¢rating modes, the same turbine open-
ing can supply extraction steam, depending on the pres-
sure in the steam ljne compared to the prevailing steam
turbine stage pregsure. This dual mode of admission
and extraction is termed “dual admission/extraction.”

auxiliary steam: a sfeam system used outside of the main
cycle systems for plant uses such as equipment power
drives, air heating, building heating, start-up heating,
etc.

condensate: the majn cycle piping system that transports
water from the condenser to the deaerator) feedwater
system, or steam generator. Heating and\purification of
the water may befa part of this system.

extraction steam (hwonautomatic, wcontrolled, or bleed
steam): a steam turpine connection (opening) from which
steam can be extrafted at an.incontrolled pressure. This
system may provide steain-to feedwater heaters, other
plant services, and process steam.

feedwater: a systen) that transports water from the con-
densate system, deaerator, or other storage vessel to the
steam generator. Heating of the water may be included
as part of this system.

gland steam (turbine steam seal): a steam system that pro-
vides steam at a pressure slightly above atmospheric
conditions to connections at the steam turbine glands
(seal areas at rotor shaft ends). This is done to prevent
air leakage into turbines operating with steam condi-
tions less than atmospheric pressure. The system nor-
mally includes piping to route high pressure turbine
gland leakoff steam to the low pressure turbine glands.

heater drain: a system that removes condensate from
feedwater heaters in the feedwater and condensate

Copyright ASME International
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include steam lines typically referredrtg
and cold reheat, high pressure, intermned
low pressure, and admission. Motive 3
defined and used in this Standard do no
typically referred to as extraction steam ar
seal lines.

process extraction steam:a piping system thg
from connections on the turbine systems
services and outside processes.

start-up: a systém of piping, valves, and eq
for starting the unit. This system may ij
tank and:the turbine bypass system. Se
bypass.

turbine bypass: a steam system designed tq
around the steam turbine during start-up
operations. This system enables the stean

as main, hot
iate pressure,
team lines as
Finclude lines
dgland steam

it routes steam
to other plant

uipment used
hclude a flash
e also turbine

bypass steam
hnd shutdown
N generator to

operate independently of the steam turbine for turbine

warm-up, trip, and possibly sustained st
operation without the steam turbine bein

2.2.3 Equipment

attemperator (desuperheater): a device for 1§
temperature, usually by introducing watq
piping system.

automatic valve: a power-operated valve f
signal from a process controller or prog
open or close. The valve may or may n
valve. Control valves, like attemperator sp
considered automatic valves. See also 14

pam generator
P in operation.

rducing steam
T into a steam

hat receives a
ress switch to
ot be a block
ray valves, are
ynual or remote

manual valve and power-operated block (or fIrain) valve.

: ator used in a
generating plant to produce steam for use in auxiliary
steam systems.

auxiliary turbine: a steam turbine used to drive mechani-
cal equipment such as boiler feedwater pumps, fans,
etc. This turbine is generally supplied with motive steam
from the steam cycle. This turbine may exhaust into the
steam Cycle, to a process, or to a condenser.

block valve: an on-off valve that is used to start or stop
the process flow. These valves are also referred to as
isolation or shutoff valves.

boiler feedwater pump: a motor- or steam-turbine-driven
pump that raises the feedwater water pressure to that
required at the steam generator inlet.
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bypass valve: a valve used in a bypass line that circum-
vents a primary valve or device.

closed feedwater heater: a shell-and-tube heat exchanger
used to heat condensate and feedwater in the steam
cycle. Water is pumped through the tube side and is
heated by turbine extraction steam introduced on the
shell side of the heater. Condensate on the shell side is
removed by the heater drain system.

condenser: equipment that condenses low pressure tur-
bine exhaust steam and thus provides the heat sink for
the cycle. Normally, a condenser also serves to collect
the condensate into a hotwell to supply the condensate

drain valve: a block valve used to isolate a steam line
drain.

gas turbine (combustion turbine): a mechanical device that
operates in the Brayton cycle converting chemical energy
in a liquid or gaseous fuel into electrical power. When
operating in combined cycle mode, the waste heat from
thegas turbineisused ina heat recoverysteam generator
(HRSG) to generatesteam for useina steampower cycle.

gland steam condenser: a condenser used to recover the
heat and condensate of the turbine steam leakoff from
the seal steam system. It is a shell-and-tube heat
exchanger typically located in the condensate system,

system. Condpnsers may be of the following types:

air cooled: thie turbine exhaust steam is routed to large
heat exchangers arranged so that cooling air passes
through themjand steam is condensed directly. The con-
densate is collected in a drain tank that functions as the
hotwell for condensate system supply.

auxiliary: a Jondenser is designated as auxiliary when
it is supplied primarily for steam-turbine-driven auxil-
iary equipment or for steam dumps.

direct contact: condensate from the condenseris routed
to a closed copling heat exchanger and then returned,
where it contgcts the steam to continue the condensing
process.

water cooled} this condenser, the most common type,
is supplied with cooling water from a natural source or
a cooling tower.

wet-dry: a qooling tower combination employs,an
evaporative c¢oling system (water-cooled) for a-portion
of the coolingjand includes an air-cooled sectionfor the
remaining coqling.

continuous drain: a drain that does noteontain a valve,
trap, or other |[device to cycle and pdss drains intermit-
tently.

controlled extrdction (automaticextraction):a steam turbine
connection (opening) fromwhich steam canbe extracted
ata substantiglly constant pressure. This canbeachieved
with an interrjal or external control valve holding sub-
stantially congtantextraction pressure.

with condensate flowing through tha
steam condensate is drained to the-q
collection vessel, and the entrained

condensables are vented to the atmo

level element: a device used directly of
sure level and provide a correspond

main turbine: thesentire steam ty
machine, includirig all of its separa
typical large turbine unit may have a
tion, an intérmediate pressure or rehe|
or more low pressure sections. A s
include only one section.

manual or remote manualvalve:a valvet
tor action to open or close. The valve
operator to allow remote actuation
the operator in the control room. See 4
and power-operated block (or drain) val

nonreturn/check valve: a valve that is d
areverse flow in a pipeline. Flow in tH

tubes. The leakoff

ondenser or other
hir and other non-
sphere.

indirectly to mea-
ng output signal.

rbine-generator
te components. A
high pressure sec-
At section, and one
mall turbine may

hatrequires opera-
may have a power
to be initiated by
\lso automatic valve
ve.

psigned to prevent
edesired direction

keeps the valve open, while a reversal in flow closes the

valve.

power-assisted nonreturn/check valve: g
valve that has an actuator that serv
close or partially close the valve and

| nonreturn/check
es as a backup to
that assists in rap-

idly closing the valve, but is free-closing on reverse flow

regardless of actuator status.

power-operated block (or drain) valve: ab
with a power operator, usually eith

lock or drain valve
er a pneumatic or

deaerator (open|oxdirect contact heater): a feedwater heater
that functions by mixing the steam with the condensate
or feedwater. A contactheater thatisespecially designed
to remove noncondensable gases is termed a deaerator.
These heaters are often provided with a separate stor-
age tank.

drain tank (flash tank): a tank into which relatively high
temperature water and steam at a higher pressure enters
and separates into steam and water at the lower tank
pressure. The steam and water components can then be
taken separately from the tank. This device is often used
to reduce the temperature/pressure severity of water/
steam entering high-energy drains before they are
dumped into the condenser.
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motor operator The valve may bhe a1

tomatic or remote

manual, with actuation initiated by the control system
automatically (automatic valve) or by the operator man-
ually from the control room.

steam generator: the equipment that provides heat to turn
feedwater into motive steam and also reheats the steam
in a reheat cycle. In a conventional steam generator, the
heat is produced by the burning of fuel (usually coal,
oil, or gas). Inan HRSG, theheat comes from the exhaust
of an external heat source such as a gas turbine, some-
times supplemented by the burning of additional fuel
in the gas turbine exhaust. Drum-type steam generators
employ a large drum to separate steam from the water
as it boils in the tubes. The drum accommodates the

Not for Resale
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increasein volume resulting from thewater’s conversion
to steam, which is then taken from the drum through
asectionof superheatingtubesto obtain thetemperature
needed at the main turbine. In the once-through type
of steam generator, which does not use a drum, the
feedwater is converted to motive steam conditions as it
passes directly through the tubes.
2.2.4 Control System

integrated control system (ICS): a control system featuring
multiple processors, input/output (I/O) modules, and
memory storage interconnected through a communica-
tion network and equipped with redundant power sup-

plies. Normally, areh
redundant programmable logic controllers (PLCs) will Check valve
meet this requirenent.

local control systemia system that controls thefinal control
element from a location in the vicinity of the primary
element or the final control element.

2.3 Symbol Legend

See Table 1 for symbol legend to be used for reference
to figures.

2.4 Device Identification Letters
See Table 2 for 3 list of device identification letters.

2.5 References

The following ik a list of publications referenced in
this Standard.

ANSI/ISA 5.1-2009, Instrument Symbols and
Identification

Publisher: Interngtional Society of Automation (ISA),
67 T.W. Alexander Drive, P.O. Box 12277, Reséarch
Triangle Park, NC 27709 (www .isa.org)

CS-2251, Recommiended Guidelines for thesSAdmission
of High-Energy|Fluids to Steam Surface-€ondensers
Publisher: Electric Power Research dnstitute (EPRI),
3420 Hillview Avenue, PalolAlto, CA 94304
(Www.epri.com

Standards for Cloged Feedwatet Heaters, Eighth Edition
(2009)

Standards for Steam Surface Condensers, Tenth Edition
(2006 or latest efition)

Publisher: Heat| Exchange Institute (HEI), 1300

Table 1 Symbol Legend

Symbol Description
Normally open valve

Normally closed valve

Open-shut power-operated valve

Modulating control valve

P
Power-assisted check yalve

Ofifice

Flow element

Field mounted instrument

Shared control, shared display function
field mounted

Shared control, shared display function
normally accessible|to the operator
at primary panel (e.g., ICS)

Hardware or software |nterlock

generator and the user’s responsibility tojadhere to the
operating procedures of the steam generator manufac-
turer asa precaution against waterinductipn. Themajor-
ity of the incidents of turbine water dampge caused by
water entering the turbine from the stqgam generator
system have occurred during start-up or shutdown of

Summer Avenue, Cleveland, OH 44115-2815
(www .heatexchange.org)

3 DESIGN

This section outlines specific requirements for the
- design of the systems listed. These requirements are
. intended to represent a conservative design for
" protection from water induction. There is no intention
to supersede any existing codes or governmental
regulations.

3.1 Steam Generators

3.1.1 It is the plant designer’s responsibility to
review and understand the design features of the steam

Copyright ASME International
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a unit. The steam generator manufacturer’s design and
operating instructions shall provide the measures
required to prevent the induction of water into the
motive steam piping. Such areas as superheater attem-
perators, boiler start-up systems, high drum levels, and
undrained superheaters are potential sources of water.

3.1.2  Experience has shown that once-through
flow units, because of their start-up system, hold a
greater potential for water induction through themotive
steam system during start-up and shutdown operating
modes than do drum-type steam generators. The start-
up system on once-through units shall be designed so
that no single failure of equipment can result in water
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Table 2 Device Identification Letters

First Letter

Succeeding Letters

Measured or

Readout or

Letter Initiating Variable Passive Function Output Function Modifier
A e Alarm -
C - Control
E - Sensor (primary element)
F Flow rate e
H High
I . Indicate e
L Level Low
P Pressure
3 e e SWiLL‘II
T Temperature Transmit
Z Position

entering the motive steam line. Therefore, at least two
[paras. 3.1.2(q) and (b), or (a) and (c)] of the following
independent ineans of automatically preventing water
from the start{up system from entering themotive steam
lines shall be provided:

(a) automatjic opening of the drain system to the con-
denser from the start-up system flash tank, separator,
or leveling vepssel on detection of high level.

(b) automatic closing of the block valve in the line
from the startjup system (flash tank or separator) to the
motive steam [system on detection of high-high level in
the flash tank or separator. The superheater divisien
valve shall alo be closed on high-high level.

(c) automatic block of all sources of water entering
the start-up system by either tripping all feed pumps
or closing the|feedwater block valve in the supply line
to the flash tank, separator, or leveling vessel on detec-
igh level in the flash tank or separator.

NOTE: These means of protection(shall be activated prior to
turbine steam admission.

Typical start-up systemsfor once-through boilers are
shown in Figs| 1, 2, and 3. Figure 1 shows the implemen-
tation of the threedrdependent means of protection
listed above fqr adlash tank or separator start-up system

the level in the leveling'vessel reache
a boiler-turbine trip{shall be initiated

b a high-high level,
. A typical system

using a leveling vessel and an integratted control system

is shown in Figy3.

3.1.222 ~ When used for turbin
protection, the drain line block val
blockwvalve, the superheater division y
tartk-steam outlet block valve shall |
thé control room for the open and cl

3.1.3 The start-up systems or
through units (such as drum type) sh
that no single failure of equipment ¢
entering the motive steam line. The
best accomplish this objective shall
the designer.

3.1.4 Special consideration shal

le water induction
ve, the feedwater
ralve, and the flash
have indicators in
psed positions.

| other than once-
all be designed so
an result in water
design method to
be determined by

|l be given to drum

level control, flash tank level controll, and/or leveling

vessel control design torealize a high
such that no failure of instrumentat
results in a release of water into the n

3.1.5 Heat recovery steam geng
tem configurations typically includg
steam drums, each with level contrag

legree of reliability
ion or equipment
notive steam lines.

rator (HRSG) sys-
as many as three
lled by feedwater

valve modulation and condensate or |

using a local ¢ontrol system. Figure 2 shows the same
means of protection implemented using an integrated
control system (ICS).

3.1.2.1 In some once-through units, the start-up
system design has evolved to separate the functions
of steam/water separation using steam separators and
separate leveling vessels, drain tanks, or water collecting
tanks. These once-through units may also use sliding
pressure start-up and may not include steam path block
valves. In this situation, level control of the leveling
vessel shall be maintained through controlled discharge
to the condenser, which shall be forced open upon high
level in the leveling vessel. Any additional valving in
the line to the condenser shall also be forced open. If
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eed pump recircu-

lation or similarmethod of controllinginflows. Thesame

plant design requirements that app
generators apply to HRSGs.

3.2 Steam Attemperators

ly to other steam

This paragraph applies to all steam attemperators in

or connected to motive steam and
systems.

3.2.1

steam generator

Spray water introduced into the steam gener-

ator ahead of the final superheat section is a means
to control steam temperature at the superheater outlet.
These sprays are generally not effective in controlling
final superheat steam temperatureatlowloadsor during
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Fig. 1 Tlypical Flash Tank/Separators Arrangement: Local Control System
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Fig. 2 Typical Flash Tank/Separators Arrangement: Integrated Control System
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Fig. 3 Typical Leveling System Arrangement: Integrated Control System

Super- | | Super- | | Super- To steam | LAH LAHH
heater heater heater turbine J_ I} : i Boller-
R o [~—=] turbine
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_ | |11
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1= 77777 | Sellect
I | | |
S - I l_____i___ LC/-——*
—@——&——V To condenser |
Local | ICS
[
NOTE:
(1) Element may be tfansmitter or high-high level switch.
turbine roll. The opportunity exists for water'to accumu-  and the arrangement of the piping. Another potential
late in the pendanjt elements of the superheater during source of water results when water accymulates from
low load operation from either:condensation or = condensation in pendantelementsof the r¢heater during
overspraying. Unjts that operate'for extended periods a low load operation. This water can bg injected into
of time with the 4pray headex system charged to full the turbine if flow is increased rapidly.
pump discharge ptessure (e.g:; during start-up and shut-
down conditions)|are subject to possible leakage of the 3.2.3 The use of attemperators external to the
spray valves. Sucl leakage can result in water accumu- steam generator, downstream of the last| superheating
lating in the pendqntSuperheater sections and may even (or reheating) element, is discouraged; however, it is

flow over into the main steam system. When steam flow
is increased rapidly, this accumulation of water can be
injected into the turbine.

3.2.2  Spray water injection in the cold reheat line
or between primary and final reheat sections is used as
a means to control steam temperature at the reheater
outlet. These sprays are not effective or normally
required for reducing final reheat steam temperature
when used at low loads or during turbine rolling. Most
incidents of turbine water damage caused by attempera-
tors have occurred during these periods as a result of
overspraying. The water accumulates and flows back to
the turbine, in most cases because of low steam velocity
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recognized that under some conditions it cannot be
avoided. When this type of attemperator is required in
the motive steam line to control the temperature of the
steam entering a steam turbine, the following features
shall be provided in addition to the other features listed
in paras. 3.2.5 through 3.2.14:

(a) The attemperators shall not be allowed to operate
when the steam exiting the attemperator will contain
less than 50°F (28°C) of superheat unless a higher tem-
perature is required by the turbine manufacturer.

(b) The attemperator shall be located as far from the
steam turbine inlet as possible, but in no case closer
than 50 pipe diameters.
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Fig. 4 Typical Attemperator System

For details of
controlling functions
refer to para. 3.2
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\/O valve
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(c) The attgmperator shall be located su¢h that any
associated wafer accumulation will drain in thedirection
of steam flow to a drain pot located at an elevation
lower than thp connection to the steaim turbine. Thus,
the piping shdll be sloped toward the drain pot, and the
drain pot shal] be located betwieen the attemperator and
the steam tu;bine. This will result in the intentional
creation of a Jow point to,allow steam separation and
water collectign in the'bottom of the pipe. An oversized
drain potshal]be considered to enhance water collection
at high steam [velocity.

(d) The design sty 5 i
shall be coordinated with the steam turbine
manufacturer.

3.2.4 The use of motive steam attemperators shall
prohibit activation or increase in spray when the steam
conditions downstream of the attemperator are within
25°F (14°C) of saturation temperature.

3.2.5 A power-operated block valve shall be
installed upstream of the attemperator spray control
valve. This valve provides tight shutoff to prevent water
leaking past the spray control valve and provides a
backup in the event that the spray control valve fails to
close when required (see Fig. 4). The spray control and
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Frgm attemperator
<— P
vater source

block valves constitute a double line|of defense against
the inadvertent introduction of spjay water into the
steam lines. Because spray control valves are susceptible
to leakage, an additional block valve may be installed
to provide additional protection.

3.2.6 The control system shall qutomatically close
and override all manual and automatic settings of the
spray control and block valves when the associated
steam generator or the gas turbine tiips.

3.2.7

The control valve shall be kept in the closed
position unti ) s reached the full open
position. This will prevent wire drawing of the block
valve seat and subsequent leakage through the block
valve.

3.2.8 The block valve shall be automatically closed
below a predetermined minimum boiler load and any
time the demand signal to the control valves does not
call for spray. Sprays shall not be released for automatic
control at loads where it can be determined that it is
relatively ineffective in reducing final steam tempera-
ture. The loads used shall be in accordance with the
boiler/bypass valve manufacturer’s recommendations.
Manual control shall not prevent operation of the auto-
matic protection features specified in para. 3.2.6. After

Ne DIOCK d C NJd ca

Not for Resale


https://asmenormdoc.com/api2/?name=ASME TDP-1 2013.pdf

ASME TDP-1-2013

a steam generator trip, operator intervention should be
required to reset and reopen the attemperator block
valves.

3.2.9 Theattemperator shallbedesigned toachieve
suitable atomization at the lowest and highest steam
flow rates expected. Operation of the attemperator out-
side the range of suitable atomization is prohibited.

3.2.10 The control system for opening the spray
control valve shall be designed to prevent the sudden
injection of large quantities of water.

3.2.11 A manually operated drain valve shall be

method of preventing water induction into the steam
turbine from a motive steam line.

3.3.2 Normal closure of the steam turbine admis-
sion stop and control valves with the opening of appro-
priate drains is considered a suitable method for
isolating the steam turbine during start-up and other
times when condensate might be present and the valves

are already closed.

3.33

A drain shall be installed at each low point

in motive steam piping. The review for low points shall
consider all portions of the lines from the steam source

outlet to the connection on the steam tur

ine, including

installed between [the power-operated block valve and
the spray control yalve. This connection can be used as
a telltale for periodically testing for block valve leakage.

3.2.12 If a pypass valve around spray control
valves is used, it shall be power operated and actuated
to close when the plock valve is closed. Use of manual
bypass valves aroynd spray control valves is not recom-
mended. If a manual bypass is used, a second power-
operated block valve shall be provided as a second line
of defense. If a manual bypass is used, the inherent
possibilities of wafer induction shall be reduced through
administrative cortrol.

3.2.13 A bylpass of the block valve shall not be
provided under

e:[z circumstances.

3.2.14 Instrumentation shall be supplied as shown
in Fig. 4 to indicqte the flow rate of the spray water
going to the attemjperator.

3.3 Motive Steam Systems

Motive steam piping systems are defined in para.
2.2. Motive steam $ystems include systems traditionally
referred to as Mgin Steam, Hot Réheat Steam, Cold
Reheat Steam, an{d Boiler Feed Pump Turbine Steam
Supplies for conventional steam cycles. Also included
are systems referred to as High Pressure, Intermediate
Pressure, Reheat, and LowPressure Steam for combined
cycle units. Genetally,"a motive steam system can be
thought of as any|stedm line normally carrying steam

any branches or dead legs (including th
valve closure). Each drain shall consist
connection or a drain pot connected direq
tom of the motive steam line. A5 a minimi
shall be used for the following lines (othg
require drain pots, but this Standard dog
their use):

pse caused by
pf a drain line
tly to the bot-
im, drain pots
br lines do not
s not prohibit

(a) motive steamslirtes that are prone o water accu-

mulation during @peration for which larg
tion areas andor water detection device

(b) cold reheat line at first low point d
the steam:turbine exhaust (this applicg
redundant level elements; see Fig. 5).

(¢) motive steam lines that will be u
during steam turbine start-up and shutd

(d) motive steam lines that operate (a
the steam turbine continuously) with lg
(56°C) superheat unless a continuous d
provided (this application requires redun|
ments; see Fig. 5).

(e) motive steam lines with attemperat
pot shall be between the attemperator 4
turbine (this application requires redung

e drain collec-
s are desired.
pwnstream of
ition requires

nder vacuum
DWn.

dmit steam to
ss than 100°F
rain has been
dant level ele-

prs. The drain
nd the steam
Jant level ele-

ments; see Fig. 5).
(f) branches and legs that will be stggnant during
various operating modes, unless a continyious drain has
been provided.
(g) at the steam turbine end of long h
[over 75 ft (23 m)].

brizontal runs

to or from a steam turbine that is not an extraction line
as covered in paras. 3.5 and 3.6. Steam seal lines are not
considered to be motive steam lines and are covered in
para. 3.9.

3.3.1 Because of thelack of detection instrumenta-
tion that will close steam turbine stop valves in time
to prevent damage during steam turbine operation, no
isolation recommendations are provided for the preven-
tion of damage by water passing through the motive
steam piping and into the steam turbine. If such devices
are developed and marketed, consideration should be
given to including this instrumentation. Rapid closure
of steam turbine valves should not be considered as a
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Whenreviewingtheloeation-offow—peoints, consider-
ationshallbe given to the installed position of the piping
in both the cold and hot condition. Consideration shall
also be given to sloping piping in the direction of flow
to encourage drainage to the low point drain(s).

If the motive steam line is split into more than one
branch going into the steam turbine, each branch, as
well asthemain header, shallbereviewed forlow points.
In addition, a warming connection, either separate or
using existing drains, shall be located on each motive
steam branch at the steam turbine inlet just before the
steam turbine stop valve. This connection can be used
with the drains in the system as a bleed-off point for
warming the motive steam line during start-up. Motive
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Fig. 5 Typical Drain System With Redundant Level Elements
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- operation.

3.3.4 Before-seat-drains, or an equivalent connec-
tion, shall be|provided on each turbine stop valve to

drains shall not be manifolded with any
om the steam generator unless the mani-
analyzed and designed so that the flow
will not be impeded under any mode of

v

To drain receiver

1)
JJ

low point drains on any of the piping downstream of
the stop valves.

3.3.6 Steam bypass systems shall be provided with
the same level of protection as mofive steam piping.
The similarities shall include drains, drain pots (if appli-
cable), and power-operated drain valves with control
room indication. Bypass systems dis¢harging to vessels

permit completedraining of any water that may accu-
mulate at a low point if the valve body is not self-
draining. The before-seat drain on the turbine valve
body, if provided, is for drainage of localized accumula-
tion of water in the valve body. It should be noted that
this drain might not be sized to handle drainage or
warming of the main steam inlet piping leading up to
the stop valve. Separate drains may be required to drain
or warm up the main steam line.

3.3.5 Drains shall be provided between the steam
turbine stop valve and first-stage nozzles to ensure
removal of water. These would consist of after-seat
drains on the steam turbine stop valve, before- and after-
seat drains on the control or admission valves, and/or
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or process steam systems other than ¢old reheat (or any
other line connected back to the steam turbine) shall be
designed to prevent backup of water due to vessel or
process steam line high water level. Attemperators in
bypass systems that discharge to the cold reheat system
(or any other line connected back to the steam turbine)
shall be designed consistent with the requirements of
para. 3.2 on attemperators.

3.3.7 Nonreturn valves shall be provided in the
cold reheat system to prevent the reverse flow of bypass
steam into the steam turbine during start-up and during
bypass system operation if the piping system design
provides a source of cold reheat pressurization when
the steam turbine is shut down. The nonreturn valve(s)
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may be power assisted according to the requirements
of the main steam turbine manufacturer and actuated
by a main steam turbine trip. The number of nonreturn
valves is to be determined by the main steam turbine
manufacturer.

3.3.8 Systems with a high potential to cause tur-
bine water induction damage require the same protec-
tion as motive steam systems and additionally require
the special design considerations outlined below. One
such system is the cold reheat system, which has caused
numerous instances of steam turbine water induction
damage that have been attrlbuted to the presence of
water in the cold reheattine—Fthiswater it
duced into the sylstem from the reheat attemperator
spray station, the fhigh pressure bypass attemperators,
or the feedwater Heaters, which extract steam from the
cold reheat line. D¢signing a drainage system with suffi-
cient capacity to rgmove all water that can be introduced
into thecold reheat pipe from these sourcesis considered
impractical becaupe of the potentially high rate of flow
into this piping fr¢m these sources. For this reason, the
system shall be designed to stop the inflow of water
automatically or fo provide an alarm signal to permit
operator action to $top waterinflow. Systems with a high
potential of causihg turbine water induction damage
require redundant level controls (see Fig. 5), as well as
the following:

(a) The power-qperated drain valve shall open auto-
matically on high|water level or high-high water level
detected in the dfain pot and shall not be capable of
remote manual cgntrol to the closed position any. titire
water is detected |n the drain pot.

(b) The first leviel (high level) shall actuate to fully
open the power-operated drain valve andrshall initiate
an alarm in the cantrol room indicatingthat the valve
has opened. The [second level (highthigh level) shall
initiate a high-high level alarm in/he’control room.

3.3.9 When h gas turbine)cooling steam or power
augmentationsteam pipe is donnected to a motive steam
line, this pipe shall not bé.connected at or near the low
point of the motiye steam pipe. If routing of this pipe
creates a low point;a drain shall be provided from

extraction piping shall contain not less than one nonre-
turn valve and block valve. The nonreturn valve(s) may
be power assisted according to the requirements of the
main steam turbine and is actuated by a main steam
turbine trip. The number of nonreturn valves is to be
determined by the main steam turbine manufacturer.
The nonreturn valves shall be located so that they pre-
vent steam bypass from one main steam turbine extrac-
tion zone to another.

3.3.10.2  All motive steam pipes connected to
auxiliary drive turbines, including alternate sources,
shall be heated Whenever the umts are operating so
rat-they-are-avatablefor-immedia grvice. Power-
operated dram valves, continuous orificed drains, and
auxiliary drive turbine above-seat drain yalves shall be
considered typical. The power plant designershall deter-
mine location of the warming/orifices on the basis of
the actual piping arrangement. When Iqcating drains
and warming lines, thé/designer shallfconsider the
length of pipe both upstream and downstream of any
valve that could cool™down when that pafticular line is
not flowing steamto the auxiliary drive tyirbine. Warm-
ing of only thé upstream portion of stggnant piping
systems may hot be adequate if the downstream stag-
nant length is significant.

3:3.10.3 A drain with a power-dperated drain
valve on each side of the nonreturn valvg station shall
be provided. (A steam supply side drain may not be

required if the pipe configuration is self
to its source.) Each drain valve shall be 1
a line with a continuous orifice. The pq
drains are used to heat the auxiliary drive
supply piping. The auxiliary drive turb
above-seat drains may be used for drainag
by the manufacturer and of adequate ca
wise, a separate drain system shall be pr
turbine side of the nonreturn valve statiq

3.3.10.4 A connection on piping
source of throttle steam for an auxiliary

draining back
ypassed with
wer-operated
turbine steam
ne stop valve
re if permitted
pacity. Other-
pvided on the
n.

serving as a
drive turbine

(i.e., motive steam, cold reheat, or auxilian

be located on a vertical leg well above th[e

y source) shall
low pointin

the pipe.

3.3.10 An auxiliary drive turbine, such as a boiler
feed pump drive turbine, may receive throttle steam
from different sources, and it is possible to have water
inthese piping systems. Thefollowing design guidelines
are provided to assist designers in developing piping
systems to prevent the induction of water into the main
steam turbine through auxiliary drive turbine throttle
steam supply lines. The protection of the auxiliary drive
turbine itself shall follow the requirements for steam
turbines as outlined in paras. 3.3.10.1 through 3.3.10.4.

3.3.10.1 Each auxiliary drive turbine throttle
steam pipe connected to the motive steam piping or
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the source pipe or from the top of a horjzontal run of

piping.

3.4 Process Steam Lines

Process steam lines that are supplied from motive and

extraction steam lines are a potential source of water
induction. Motive and extraction steam lines shall be
protected from process steam lines with the following
features:

3.4.1 Two valves shall be provided to isolate the
motive steam or extraction steam line from the process
steam line. Acceptable combinations of the following
items are (a) and (b), or (a) and (c):

(a) a power-operated block valve
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(b) a pressure-reducing valve (control valve) with
Fail-Closed capability against the maximum reverse dif-
ferential pressure

(c) a power-assisted nonreturn valve

3.4.2 The designer should consider steam supply
and process system upsets that may result in cold steam
admission to the motive/extraction steam line.

3.4.3 Water detection and removal features
between a motive steam line and the block valve shall
be designed in accordance with this section and the
requirements for motive steam lines. Water detection
and removal features between an extraction steam line
and the block valve shall be designed in accordance
with this sectjon and the requirements for extraction
steam lines.

3.4.4 If|lan attemperator is required, it shall be
located downgtream of the valves required in para. 3.4.1.

3.4.5 If the piping downstream of the second isola-
tionvalveisngtself-draining toa vessel (or other device)
that will not allow water backup, and the piping is not
terminated abpve the highest water level in that vessel,
then water detection shall be provided in the form of a
drain pot in the process steam line at the piping low
point closest |to the motive/extraction steam line. If
water has acciimulated downstream of the block valve,
it shall be removed before the block valve is allowed to
open. Detectign of water downstream of the block valve
during normal operation shall be alarmed in the control
room. All other low points on the process steam line
shall be provided with automatic drainage, but drain
pots or automjatic drain valves are not required.

(c) power-operated block valves

Power-operated block valves shall

3.5.1.1

nate drain shall include a power-ep§
Figures 6 and 8 show the normal p
with its associated level control and
operated alternate draip-and its lev
Figures 7 and 9 depict'the same con
an integrated controlsystem. The f
shall beincorporated into theautoma
drain system;

(1) The nérmal drain shall be siZ
operating,conditions including ope
drains'pumps out of service.

(b)The alternate drain shall be des
directly to the condenser. (A secong
bypass does not constitute suitable 3

(c) In the case of low-pressure heg
drain coolers, the alternate drain s
directly to the heater shell ahead of {
provide positive drainage (in case of

(d) The alternate drain shall activ

on all sources of

water entering the heater shell and power-operated
block valves on all sources of water entering the heater
tubes (see para. 3.5.1.3 and Figs. 8 and 9)

not be interlocked

with any permissive that would prevent closure and
shall be activated on high or high-high level indepen-
dent of control from that identified in para. 3.5.1.1.

The automatic drain system from the
heater shall consist of a normal (primary) and an alter-
nate (emergency) drain. An alternate drain shall be
installed on each feedwater heater in addition to any

r heater. This alter-
rated drain valve.
rimary drain line

an automatically
el control system.
trol scheme using
pllowing features
ric heatershell side

ed for all normal
ration with heater

gned to discharge
1 normal drain or
lternate drain.)

ters with internal
hall be connected
he drain cooler to
Hamage of cooler).
ate on heater high

level and shall be fully open when the heater level

3.5 Closed Feedwater Heaters and Extraction
Systems

reaches high-high. The alternate drair]
to handle 100% of the cascading dj

heater plus 100% of the extracted

A major cajuse of turbine damage has been water

induction from the extraction'system, feedwater heaters, all continuous oper ajcmg Condltlops
and associateql drains. Théfefore, it is important to pay ~ Pressure heater that is out of service
considerable|attention:to the design of these areas. (e) For heaters operating near con
Extraction sysfems shall be designed in accordance with ~ loop sealmay be used in the drain ling

valve. Since a loop seal is a passive dg

paras. 3.5.1 through' 3.5.15 to minimize the possibility

1 line shall be sized
rain flow into the
steam flow under
including a lower

denser pressure, a
inlieu of a control
vice, one properly

sized drain line can be used as both

of water damageéto the turbine.

| a normal and an

alternate drain.
3.5.1 The system shall be designed so that no

single failure of equipment results in water entering
the turbine. Two independent means of automatically
preventing water from entering the turbine from the
extraction system shall be provided. In general, these
independent meansshall bea combination of the follow-
ing items (a) and (b), or (a) and (c):

(a) an automatic drain system from the heater shell
(see para. 3.5.1.1 and Figs. 6 through 9)

(b) power-operated block valves between the feedwa-
ter heater and the turbine and power-operated block
valves in cascading drain lines (see para. 3.5.1.2 and
Figs. 6 and 7)

designed on loss of power, air, or ICS

Closed).
(¢) Normal and alternate drain

3.5.1.2
included in the extraction line from

13
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(f) The normal drain level control valve in drains cas-
cading to a lower pressure feedwater heater shall be

processor commu-

nications, if applicable, to failin the closedposition (Fail-

valves in drains

directed to the condenser shall be designed on loss of
power, air, or ICS processor communications, if applica-
ble, to fail to the open position (Fail-

Open).

Power-operated block valves shall be

the turbine to the

feedwater heater. The valves and associated equipment
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Fig. 7 Typical Heater Steam Side Isolation System: Integrated Control System

_______________________ T————7——————— Steam
: | : from

| turbine

B I

IdJ )

Primary drain
from previous
heater

Drain valve if
required
(see para. 3.5.6)

Drain to
condenser

b &

NOTE:

(1) Element may|be transmitter or high-high level switeh.

are shown in|Figs. 6 and 7. These valves are actuated
to close by a high-high level in-the feedwater heater
with a contr¢l independent from that described in
para. 3.5.1.1.

Actuation gf these valves indicates that the heater
drainage systgm described in para. 3.5.1.1 is not keeping
up with the draining-of the heater. Therefore, cascaded
drains to this feedwater heater shall be designed to auto-

I
I
F
N/ | Alternate drain '
| to condensef Primary Primary drain shutoff
| drain line signal from high-high
1 @Y s level element on heater
receivinmg primary
ICS : Local drain flow

__________..._i____l
oL

of draining the water that is cascaded| to the heater from
previous heaters and from the normhl stage extraction
flow for this heater (including lowgr pressure heater
out-of-service scenarios). The maxinhum flow of water
from conditions described in para.|3.5.1.2(a) or (b) is
then considered to be contributing fo a rising level in
the heater. The required time of opetation of the block
valves is then calculated by using the larger flow rate

matlcally close—or—thisteater’s lliéll-lﬁéh tevet—This
cascaded drain flow from the previous heater will then
be bypassed to the condenser throughiits alternate drain.

The required speed of operation of the power-
operated block valves depends on the total amount of
excess water flowing to the heater and the volume
between the high-high level and the block valve. The
total amount of excess water flowing to the heater for
purposes of this calculation shall be the larger of

(a) water flowing from two ruptured tubes (four
open ends)

(b) water equivalent to 10% of the tube side flow

Forthesetwo conditions, itis assumed that thenormal
heater drain or its alternate to the condenser is capable
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of the above two conditions and the usable pipe and
heater storage volume between the high-high level and
the block valve. With some heater arrangements such
as vertical heaters or heaters at or above the turbine,
care shall be taken in determining usable storage vol-
ume, since water can begin to flow backward once the
invert elevation in the piping is flooded. Additionally,
the tube bundle occupies a large portion of the shell
volume that cannot be counted in the storage volume.

More information regarding the calculation of tube
rupture flow rates can be obtained from the Heat
Exchange Institute (HEI), Standards for Closed
Feedwater Heaters (see para. 2.5).

Not for Resale
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Fig. 8 Typical Heater Tube Side Isolation System: Local Control System

High level
/iNormal level

Primary drain
from previous
heater

Feedwater/
condensate

SS
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Bypa
va

Alternate drain ' |
to condenser |

Check valves of ither the free swing, power-assisted,
or positive closing design are not considered:a satisfac-
tory block valve fgr this application becatise of possible
seat and disk distprtions. These check yalves are nor-
mally provided fof fast action to limitoverspeed due to
entrained energy|in the extraction system. They can
afford some protgction from-a‘water induction stand-
point however, and should be closed automatically by

the same signal thiat closes-the associated block valve.

3.5.1.3 It may be impractical to install the block

Primary.
drain line

Primary drain shutoff
signal from high-high
level element pn heater
receiving primary

drain flow

and shall be sized to handle the full flow. The bypass
operator speed shall be fast enough to javoid system
upsets. The bypass valve closure may need to be inde-
pendently operated to providestart-up flekibility. Drains
cascaded into the heater shall also be automatically shut
off based on the signal from the high-high{level element.

3.5.1.4 If the feedwater heater Bypass control
method is used to protect more than one heater, separate
level elements on each heater shall independently actu-
ate the isolation system on high-high level in either

valves as shown it Tigs-6and 7 for feedwater treaters
in the condenser neck. Therefore, an acceptable alterna-
tive to the second line of defense shown in Figs. 6 and
7 is to bypass the feedwater heaters as noted in Figs. 8
and 9. This will remove the heater from service and cut
off the source of water that results from tube leaks. The
required speed of operation of these power-operated
isolation and bypass valves shall be determined
according to the method of para. 3.5.1.2 based on the
time required to fill the heater to the top of the shell.
These isolation valves shall only be opened with direct
operator intervention, never by automatic prepro-
grammed control system action. The bypass valve shall
be opened concurrent with closing the isolation valves
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heater. Occasionally, small bypass valves are installed
around the tube side isolation valves shown in Figs. 8
and 9. These are generally used to equalize the pressure
on each side of these large isolation valves to open them
and to warm the tube sheets of high pressure heaters.
Where such bypass valves are provided, they shall be
power operated and close automatically on the same
signal that closes the larger valves, or they shall be man-
ual valves that are locked closed during normal
operation.

3.5.2 Baffles placed above the water level in feed-
water heaters are frequently required to control the rate
of steam flow back into the turbine to limit the resulting

Not for Resale
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Fig. 9 Typical Heater Tube Side Isolation System: Integrated Control System
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level element on heater
receiving primary
ICS | Local drain flow
NOTE:

(1) Element may|be transmitter or high-high levelswitch.

energy contribution to overspeed. These baffles can also
be useful in njinimizing the.amfount of water entrained
with the steam flowing back into the turbine following
a turbine trip

3.5.3  Stitablerdalarms shall be provided for the
benefit of thel eperator to indicate when the first and

3.5.4 Level alarms and indjcations shall be
designed to reflect the actual level |n the heater. The
physical arrangement of instrumernjtation and heater
drain piping shall preclude unnecesspry actuation from
level surges during start-up and normnal operation. The
physical arrangement shall minimize instrumentation

interconnecting piping lengths to avpid inaccuracies in

second lines of deferse trave beencatted imto operatiorn:
This shall be accomplished through the use of separate
high and high-high alarm annunciations in the control
room. The high alarm shall be an indication that the
heater level has risen to the point where the alternate
drain system is required to function. The high-high
alarm shall be an indication that the heater isolation
system (second line of defense) has been called into
operation. The high-high alarm is a warning to investi-
gate and shut off the source of water. When a heater(s)
is taken out of service automatically, it may be necessary
to reduce load and/or steam temperature either auto-
matically or manually in accordance with the turbine
and boiler manufacturer’s requirements.
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level indication. Sensing piping and valves for level con-
trols and elements shall be designed so that failure or
maloperation will not render all lines of water induction
protection inoperative.

3.5.5 Where an integrated control system is used
for plantcontrolandmonitoring functions, the following
shall be considered to provide the minimum reliability
and redundancy required by this Standard:

(a) Three transmitters shall be connected directly to
the heater shell with individual isolation for mainte-
nance, as required. The transmitters can be connected
to the heater by a direct connection to the heater shell
or via a standpipe that cannot be isolated from the shell.

Not for Resale
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A level switch may replace one of the transmitters to
generate the third level signal.

(b) Each transmitter shall have its own input/output
(I/0) channel on different I/O cards in the ICS.

(c) High-high alarm and isolation of the heater per
Fig. 7 or 9 shall be provided with two-out-of-three logic
configuration.

(d) High level alarm, indicating opening of the alter-
nate drain to the condenser per Fig. 7 or 9, shall be
provided with two-out-of-three logic configuration.

(e) Separate controllers shallcontrol the heater normal
and alternate drain valves. The controllers may use a
transmitter select function to interface with the level

3.5.12  For heaters in the condenser neck, margins
for preventing water induction are increased if subcool-
ing zones are avoided and drains are not cascaded into
these heaters.

3.5.13 Where a separate drain tank is employed
with a low-pressure heater, adequately sized vents and
drains are essential. To account for possible flow restric-
tion in the interconnecting pipe, a separate level element
shall be mounted on the heater and shall operate the
heater’s isolation system similar to the arrangement

shown in Fig. 7 or 8.

3.5.14 Other arrangements of fee

water heaters

transmitters.

3.5.6 A drain shall be located at the low point(s)
in theextraction pipe between theturbineandthe extrac-
tion steam block valve. The drain piping shall be sloped

in the direction of flow away from the steam turbine.
The drain shall bg routed separately to the condenser
or other receiver that is at condenser pressure. A power-
operated drain vallve shall be installed in this line and
shall open automatically upon closure of the block valve
in the extraction gipe.

- Any other low pints in the extraction piping between
the block valve andl the heater shall be similarly drained.
A power-operated drain valve shall be installed in this
line that opens agtomatically prior to opening of the
block valve.
- These drain valyes shall have control room indication
of open and closg¢d positions. They shall also havea
manual override fo open in the control room for aise
during start-up. These drains are provided to dispose
of steam condenging in the extraction line when the
block valveis cloged.

3.5.7 When [there is more than one heater from a
single extraction goint, operation of_the extraction line
drain valve(s) depends on the desigh of the connecting
extraction piping|and the possibility for collection of
water in the extrpction line_before the closed block
valve(s).

3.5.8 All stdaniline drain valves from extraction

and bypasses are satisfactory, provided‘th
the same objective as the arrangement sh
and 9.

3.5.15 Dual extraction/admission
low the steam turbine manufacturer’s reca
between the steam turbineé casing and th
valve. The steam liries up to the steam
control valve shall meet the requiremen
the motive steamsystem description in j

3.5.16_</Where the boiler start-up cys
feedwater-heaters, the block valves betwe)
and the pressurized feedwater heaters §
locked closed during the start-up cycle t
backflow from the heaters into the turb
addition to any possible check valve act
pressure in the associated turbine stage
preventbackflow fromthe feedwaterheat

py accomplish
pwn in Figs. 8

lines shall fol-
mmendations
e stop /control
turbine stop/
ts outlined in
bara. 3.3.

le pressurizes
en the turbine
thall be inter-
D prevent any
ine. This is in
ion. Once the
s sufficient to
or, the feedwa-

ter heater block valve may be opened and the heater

placed into service.

3.6 Direct Contact Feedwater Heaters and Extraction

Systems

A direct contact (DC) feedwater heater
be a source of cold steam or water that ca
the turbine. A power-assisted check valve
provided in the extraction line to the D
plant cycles in which the DC heater is g
the same extraction line as the feed pur

deaerator) can
n flow back to
s) is normally
C heater. For
upplied from
np turbine or

steam lines shall he ('nnfignrpd to Fai]—()ppn aon loss of
power, air, or ICS processor communications as
applicable.

3.5.9 Bypass lines around extraction line block or
nonreturn valves are not acceptable.

3.5.10 Thermocouples may be installed in the tur-
bine at locations determined by the turbine manufac-
turer or in the connecting steam piping to assist in
locating sources of water that may enter the turbine.

3.5.11 The design of the feedwater heaters and
extraction systems shall include features that permit
periodic testing of the protective systems as required in
section 5.
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other unit auxiliaries (air preheating, station heating,
etc.), the power-assisted check valve(s) may be located

in the common extraction header.

3.6.1 Two independent means of

automatically

preventing water from entering the turbine from the
DC heater shall be provided. In general, the protection
arrangementcanbe a combination of thefollowingitems
(a) and (b), or (a) and (¢):

(a) apower-operated block valvein theextractionline
to the DC heater (see para. 3.6.2 and Figs. 10 through 13)

(b) an automatic emergency drain system from the
DC heater storage tank or feed pump suction line (see
para.3.6.3and Figs. 10and 11) typically to the condenser

Not for Resale
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Fig. 10 Typical Deaerator Arrangement With Drain System: Local Control System
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Fig. 11 Typical Deaerator Arrangement With Drain System: Integrated Control System
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Fig. 12 Typical Deaerator Arrangement With Inlet Isolation: Local Control System
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(c) power-pperated block valves 6nall sources of
water entering the DC heater (see pata.3.6.4 and Figs. 12
and 13)

3.6.2 In|either protection arrangement, a power-
operated block valve shall\be provided in the extraction
line to the DC |heater andtocated so thatit can isolate the
heater from thie extraction line but still permit extraction
flow to the fe¢d pump turbine (if included in the plant

means of protection, it shall dischargg to either the con-
denser, a flash tank, or an external|storage tank and
shall be activated on high-high leve] in the DC heater
storage tank. Figures 10 and 11 show|a typical arrange-
ment of a drain from the DC heater| storage tank and
its associated level element. The drain connection at the
storage tank shall be located high eIough on the tank
shell or configured with a standpipe|so that the tank is
not drained dry if the drain valve should fail open. For

design). This yalVe shall operate at a speed fast enough
that, during its travel time, the water inflow to the DC
heater cannot fill the usable volume between the emer-
gency high-high level and the bottom of the extraction
connection on the heater. For this determination, the
net inflow shall be considered to be the sum of the
condensate flow from the low-pressure heaters plus the
cascading drain flow from the high-pressure heaters.
The available volume in a spray/tray heater is limited
by the tray box and shall be taken into consideration.
Care shall be taken not to include any volume of the
extraction line in this determination.

3.6.3 If a drain from the DC heater storage tank
or the feed pump suction line is provided as the second
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a drain connection from the feed pump suction line, low
DC heater storage tank water level protection shall be
provided for the feed pump in addition to the elements
shown in Figs. 10 and 11.

3.6.4 If block valves are used as the second means
of protection, they shall be power operated andinstalled
in series with the normal control valves in all water lines
entering the DC heater. Feed pump recirculation and
leakoff lines are not considered to be sources of water
entering the DC heater. The block valves shall be auto-
matically closed on high-high level in the DC heater
storage tank. Figures 12 and 13 show a typical arrange-
ment for these block valves.

Not for Resale
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Fig. 13 Typical Deaerator Arangement With Inlet Isolation: Integrated Control System
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NOTE: Useof this alternative may result in unitttip or starvation 3.6.6 The location of drains, Valving, and the
of the boiler feed pups. alarms provided shall be as previously jmentioned in
3.6.5 Where|an integrated-dontrol system is used ~ P35 3.5.3and 3.5.6.
forplantcontrol arjdmonitoring functions, thefollowing 3.6.7 All steam line drain valves flom extraction
shall be considerefl to provide the minimum reliability = gteam lines shall be configured to Fail-Open on loss of
and redundancy rpquired’by this Standard: power, air, or ICS processor communications as
(a) Three transthitters shall be connected directly to applicable.
the heater shell with individual isolation for mainte-

nance, as required. The transmitters shall be connected
to the heater by a direct connection to the heater shell
or via a standpipe that cannot be isolated from the shell.

(b) Each transmitter shall have its own I/O channel
on different I/O cards in the ICS.

(c) Emergency high-high alarm and isolation of the
heater per Fig. 11 or 13 shall be provided with two-out-
of-three logic configuration.

(d) High-high alarm and isolation of the heater per
Fig. 11 or 13 shall be provided with two-out-of-three
logic configuration.

(e) High-level alarm perFig.11or13shallbe provided
with two-out-of-three logic configuration.

22

3.6.8 The design of the direct contact feedwater
heaters and extraction systems shall include features
that permit periodic testing of the protective systems as
required in section 5.

3.7 Drain Systems: Turbine and Cycle Steam Piping

General design rules for turbine and cycle steam pip-
ing drain systems are specified in paras. 3.7.1 through
3.7.25. They reflect past successful design practices and
shall be used in conjunction with the specific drain rec-
ommendations made in the system-specific sections of
this Standard and by the manufacturer(s) of the various
equipment.
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3.7.1  Drain lines shall be designed for both hot
and cold conditions and shall slope in the direction of
flow to the terminal point with no low points. Any loops
required for flexibility shall be in the plane of the slope
or in vertical runs.

3.7.2 Drains shall discharge to a receiver with a
pressure always the same as or lower than that of the
steam lines. Care shall be taken to ensure that, during
trips, the vacuum created in some lines does not draw
water back to the steam line because the discharge pres-
sure is greater than the steam line pressure. Sections of
thereheat system pipingand piping between the turbine

3.7.8 A power-operated drain valve shall be
located in each steam line drain. Determination of the
failure mode for drain valves shall be made on the basis
of the philosophy set forth in para. 2.1.3. If a drain valve
is arranged to Fail-Open, attention shall be given to
receiver (e.g.,condenser) overpressure protection during
plant power failures, since a large amount of steam will
pass from each steam line to the receiver through the
failed open drain valve.

3.7.9 Poweroperated drain valves shall have con-
trol features that allow them to be remotely opened or

closed by the operator in the control room at any time,
ovnopl- those from level-controlled rain pots’ Wthh

StOp Valve angr ﬂ e ‘iuu.bll recasmurgare JL'_y Fi\,au_y CAFUDCC}
to a vacuum gondition during steam turbine start-up
and trip.

3.7.3 Drtain lines and drain valve ports shall be
sized for the thaximum amount of water to be handled
under any operating condition. However, they shall
never be less than % in. (19 mm) internal diameter. Drain
lines, including the connections for cold reheat and
motive steam pttemperator systems, shall haveaninside
diameter of npt less than 1% in. (38 mm). Care shall be
taken not to fise nominal pipe or valve sizes without
clearly deternjining that the inside diameter meets this
i injension.

sideration shall be given to the pressure

will be designgd to handle the maximum expected flows
under the mihimum pressure differential conditions.
Without suffi¢ient line size, adequate drainage will not
be obtained, pprticularly during the early stages of start-
up when large amounts of water are produced in the
motive steam [lines and yet differential pressure is very
low. When differential pressures dre very low, the drain
lines shall be designed to allow-complete drainage by
gravity flow.

3.7.5 Drhin piping/from the connections provided
by the turbing manufacturer shall be large enough to
ensure adequate flow area for the volume increase fol-
lowing critica] pressure drop through the drain valve.

shall be prevented from closing.Motive steam line
power-operated drain valvesshall hot close until the
main line superheat is in accorddnce with turbine manu-
facturer’s requirements.

3.7.10 Drain valves are often
maintenance; however, it is suggested that the power-
operated drain &alve be located in| the drain line as
close to the squrce as is practicable. This will reduce the
amount of water trapped upstream of the (closed) drain
valve. Locating the power-operated drain valve close to
the source can lead to problems with flashing in the
piping downstream of the valve, and the piping shall
be, designed to take this into account.

3.7.11 Limit switches to indicatg the full-open and
full-closed positions of valves are adlequate as remote
position indication of drain valves.

ocated for ease of

3.7.12 Some users may require |
inseriesinsome of these drainlines. A
valves shall be a power-operated draf
other drain valve(s) is a manual valv
be kept open by locking or other acce

3.7.13  Drain valve fluid pass3
internal cross-sectional area of atleast
cross-sectional area of the connecting

wo or more valves
\tleast one of these
n valve. When the
e, it shall normally
ptable procedures.

1ges shall have an
85%of theinternal

b piping.

3.7.14 Steam traps are not satisfactory as the only

means of drainage of critical drain 1
used in parallel with the power-opet

nes. They may be
ated drain valves.

3.7.15 Drains accumulating wg

ter during normal

3.7.6 Drain pots are required to be used when
level control of a drain line is required. Drain pots may
also be used to assist gravity drainage for systems with
low-pressure differentials. If used, drain pots shall be
fabricated from 4 in. (100 mm) or larger diameter pipe
for most steam lines except for cold reheat drain pots,
which shall be 6 in. (150 mm) or larger in diameter.
Drain pots shall be at least 9 in. (230 mm) long but shall
not be longer than is required to install level detection
equipment. Drain lines and valves shall be sized as dis-
cussed earlier in para. 3.7.

3.7.7
insulated.

The pot and connecting piping shall be fully
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operation shall be provided with a method (such as
traps or separate automatic drain valves) for draining
water from the low points separate from the power-
operated drain valve and associated level device.

3.7.16 All drain and manifold connections at the
condenser shell shall be above the maximum hotwell
level.

3.7.17  Drain lines may be routed separately to
connections or to manifolds mounted on the condenser
shell or to separate drain tanks. The following require-
ments apply to these drain manifolds:

(a) The cross-sectional area of each manifold shall be
large enough to make certain that, under all operating
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