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FOREWORD

({This Foreword is not a part of ASME TDP-1-1998)

A substantial increase in the number of reported occurrences of steam turbinendamage
by water induction precipitated design recommendations from the two major domestic turbine
manufacturers as an attempt to reduce such incidents. Concurrently, utilities<and designers
began formulating their own design criteria because of the economic nneed to keep the
generating units in service. Realizing the common need for a uniform_set\of design criteria
to alleviate this problem, an ASME Standards Committee was (formed, consisting of
representatives of utilities, equipment manufacturers, and design\/consultants, to develop
recommended practices for use in the electric generating industry.

This Standard, resulting from the work and deliberation<of the Turbine Water Damage
Prevention Committee, was approved as a standard of The\American Society of Mechanical
Engineers by the ASME Standardization Committee. and the ASME Policy Board, Codes
and Standards on July 26, 1972.

In 1979, the Committee proposed a revision to this’ ASME Standard to include information
on condenser steamn and water dumps, direct contact feedwater heaters, and steam generators.
This proposed revision was approved by the ASME Standardization Committee on April
25, 1980.

The last revision was approved as_an American National Standard on September 13,
1985. In 1994 the ASME Board ‘on Standardization approved the disbandment of the
Committee on Turbine Water Damage Prevention, and the withdrawal of the standard TDP-1.
This was due to a perceived lack of interest/use by the industry.

Subsequent interest from users and potential users for TDP-1 convinced ASME to
reconstitute the Committee under the Board on Pressure Technology Codes and Standards
in June of 1997.

The current document was approved as an American National Standard on June 17, 1998.

iil
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'ASME TDP-1-1998

RECOMMENDED PRACTICES FOR THE PREVENTION OF WATER
DAMAGE TO STEAM TURBINES USED FOR ELECTRIC POWER
GENERATION

1 lCOPE

ese recommended practices are concerned primar-
ily |with the prevention of water damage to steam
turtfines used for fossil fuel fired electric power genera-
tion. The practices cover design, operation, inspection,
test{ng, and maintenance of those aspects of the follow-
ing [power plant systems and equipment concerned with
the [ prevention of the induction of water into steam
turbines and associated systems and equipment:
(@) main steam system, piping, and drains;
(p) reheat steam systems, piping, and drains;
(f) reheat attemperating system;
({l) turbine extraction systems, piping, and drains;
(k) feedwater heaters, piping, and drains;
f) turbine drain system,;
b) turbine steam seal system, piping, and drains;
) main steam attemperator sprays;
i) start-up systems;
j) condenser steam and water dumps.
Any connection to the turbine is a potential source
of ater either by induction from external equipment
or py accumulation of condensed.steam. The sources
regted specifically are those that-have been found to
be most frequently involved:

—

2 CRITERIA

2.1 Recommendations

Design;.control, and operation of all systems that
havie a‘potential for allowing water to enter the turbine
sho i
since malfunctions do occur, the recommendations for
preventing turbine damage due to water induction in-
clude one or more of the following where appropriate:

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

(b) isolation of the water by manual or, preferably,
automatic means after it has been detected;

(c) disposal of the water by either manual or, prefera-
bly, automatic means after it has been detegted.

2.2 Failure

Where experience has shown a source of water is
particularly hazardous;.no’ single failure of ¢quipment
should result in wateDentering the turbine. The failure
mode of the various devices used to prevent water
induction should be considered so that a single failure
of the signals (loss of air or electrical signal) will not
cause water to enter the turbine.

3> DESIGN RECOMMENDATIONS

This Section outlines specific recommeniations for
the design of the systems listed. These recommendations
are intended to represent a conservative design for
protection from water induction. There is nq intention
to supersede any existing codes or governmenal regula-
tions. :

3.1 Steam Generators

3.1.1 It is the responsibility of the plant| designers
to review and understand the design featufes of the
steam generator and of the user to adhere to thg operating
procedures of the steam generator manufacturer as
a precaution against water induction. The majority of
the incidents of turbine water damage causeq by water
entering the turbine from the steam system| have oc-
curred during start-up or shutdown of a |unit. The
steam generator manufacturer’s design and| operating
recommendations should include the required|protection
T T i \ain steam
piping. Such areas as superheater attemperators, boiler
start-up systems, high drum levels, and undrained super-
heaters are some potential sources of water.

3.1.2 Experience has shown that once-through flow
units, because of their start-up system, offer a greater
potential for water induction through the main steam
systemn during start-up and shutdown operating modes
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than do drum type steam generators. It is recommended
that the start-up system on once-through units be de-
signed so that no single failure of equipment can result
in water entering the main steam line. Therefore, two
of the following independent means of automatically
preventing water from entering the main steam lines
from the start-up system should be provided:

() . . .
the cpndenser from the start-up system flash tank or
separjtor on detection of high level;

(b)| automatic closing of the shutoff valve in the line
from [the start-up system to the main steam system on
detection of high-hi level in the flash tank or separator;

(c)| automatic shutoff of all sources of water entering
the sfart-up system by either tripping all feed pumps
or clJ:ir:\g a shutoff valve on detection of high-hi level
in thg flash tank or separator.

Typical systems are shown in Figs. 1 and 2.

3.1.2.1 Figure 1 shows a primary drain line from
the flgsh tank or separator with its associated level sensor
and an independent automatically operated shutoff valve
betwden the flash tank and the main steam system.
The dhutoff valve will be actuated by a high-hi level
from jan independent level signal. The drain line valve
and the shutoff valve should have indicators in the
contr¢l room for the open and closed positions.

.1.2.2 Figure 2 shows a primary drain line .ffom
ash tank or separator with its associated-level

high-hi level from an independent lével’ signal. The
drain|line valve and feedwater shutoff valve (if used)
shoulfl have indicators in the control Toom for the open
and dlosed positions.

3.1.3 It is recommended that stast-up systems on
other|than once-through~units (such as drum type) be
desighed so that no‘single failure of equipment can
result| in water entering the main steam line. The method
of acfomplishifig this should be as determined by the
desigher.

PREVENTION OF WATER DAMAGE TO STEAM
TURBINES USED FOR ELECTRIC POWER GENERATION

during low load operation from either condensation or
overspraying. Units which have to operate for extended
periods of time with the spray header system charged
to full pump discharge pressure (e.g., during start-up and
shut-down conditions) are subject to possible leakage of
the spray valves. Such leakage can result in water
accumulating in the pendant superheater sections and
even flow over into the main steam system. When
steam flow is increased, this accumulatiom-¢of water
can be injected into the turbine.

3.2.2 A power-operated block’ valve shiould be
installed in series with the attemperator spray control
valve. This valve provides tight shutoff to prevgnt water
leakage past the spray control valve and provides a
backup in the event that the spray control valve fails
to close when required (see Fig. 3). The spray control
and block valves-constitute a double line of| defense
against the inadvertent introduction of spray water into
the main steamn system.

and-override all manual and automatic setting of the
superheat spray control and block valves when the
master fuel trip actuates or the turbine trips.

3.2.3 The control system should automaticl}ly close

3.24 The block valve should be automatically
closed when the unit is operated below a predefermined
load and, simultaneously, the control valve is closed.
Superheat spray should not be released for automatic
control at loads where it can be determinzfI that it
is relatively ineffective in reducing final superheater
temperature. The loads used should be in acfordance
with the boiler manufacturer’s recommendatiofs. Man-
ual control of spray below the predetermiged load
should only be used with close operator supervision.
Manual control must not prevent the automati¢ protec-
tion features specified in para. 3.2.3 from operating in
the event the master fuel trip actuates or the turbjine trips.

3.2.5 The control system.for opening the spray

3.2 Superheat Attemperator

3.2.1 Spray water injected in the steam generator
ahead of the final superheat section is a means to control
steam temperature at the outlet of the superheater. These
sprays are generally not effective in controlling final
superheat steam temperature at low loads or during
turbine rolling. The opportunity exists for water to
accumulate in the pendant elements of the superheater

control valve should be designed to prevent the sudden
injection of large quantities of water.

3.26 A bypass valve around the spray control
valves should be power-operated and actuated to close
when the block valve is closed. If a manual bypass is
used, a second power-operated block valve should be
provided to give a second line of defense.
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Steam generator

— — Alarm

Flash Tank/Separators

LS —
High-hi ievel
switch

— Alarm

3{2.7 A bypass of{a)block valve should not be
proviided under any.tircumstances.

3.3 |Main Steam’ Piping

The procedure recommended in this Section is to
prevent Gthe' accumulation of water in the main steam

pipipg:

FIG. 1 _ TYPICAL FLASH TANK/SEPARATORS ARRANGEMENT

® To condenser

should not be considered as devices which witrl prevent
water induction into the turbine from the main
steam line.

3.3.2 A drain should be installed at each Jow point
in the main steam piping from the boiler outflet to the
connection on the turbine stop valve. When feviewing

3.3.1 Because of the lack of detection instrumenta-
tion that will close the turbine stop valves in time to
prevent damage when the turbine is in operation, there
are no recommendations included pertaining to the
prevention of damage by water passing through the
main steam piping and into the turbine. If such devices
are developed and marketed, consideration should be
given to include this instrumentation. Turbine valves

thre—focatiom—of —towpoints, consideration should be
given to the position of the piping in both the cold
and hot position. Where there is no specific low point
(where there are long runs of horizontal piping), install
a low point drain at the turbine end of this Section.

If the main steam line is split into more than one
branch going into the turbine, each of these branches
as well as the main header should be reviewed for
low points. In addition, a connection should be located
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Steam generator

T Y Vaa e S

Trip signal

1o feedwater

Al

supply
shutoff

High

Flash Tank/Separators

level

|
I
I
l
l
|
l

High-hi level
switch

(- (R

|l—- «! Alarm
Ji——' To condenser

on eath main steam branch at the turbine inlet just
before] the turbine stop valve. This connection can be
used with the drains in the system as’a bleedoff point
ing the main steam line during start-up. These

3.313—All of thedrainlines—anddrain—va
including the connections on the main steam pipes just
upstream of the turbine stop valves, should have an
inside diameter of no less than 1 in. to minimize risk
of plugging by foreign material. Care should be taken
not to use nominal pipe sizes without clearly determining
that the ID will meet this minimum dimension. Without
sufficient line size in each of these areas, adequate
drainage will not be obtained, particularly during the

FIG. 2 TYPICAL FLASH TANK/SEPARATORS ARRANGEMENT

early stages of start-up when water is prodyiced in
these lines.

3.3.4 A power-operated valve should be |located
in each of the drains noted in this Section. Mary users
will require two valves in series in each of these drain
lines. At least one of these two valves should be] power-

operated by controls located in the main contrg
In addition, position indication should be proy

I room.
ided in

the main control room to permit the operator tp deter-

mine the position of each of the power-operatg

d drain

valves. Where the second of these two drain valves is

5 ROtHd—ROMN be—Kep

locking or other acceptable means or procedures.

3.3.5 Before-seat drains or an equivalent connection
should be provided on the turbine stop valve to permit
clearing of any moisture and to permit a steam flow
in the valve prior to start-up. This drain should be
installed in the valve to permit complete draining of
any water if this area is not self-draining. It should
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Controlling Functions

1. Close block valve and spray control
valve on fuel firing trip or turbine trip.

— 2. Close block valve whenever unit load is

below a predetermined point and

is closed.

to open.

simultaneously, the spray control valve

3. Block the reset action of control
system calling for spray control valve
opening until all other permissives are
cleared to allow spray control valve

To final superheat

L

Vot
Mgy
Wy

Y =

Spray.control valve

Block valve

/Attemperator

FIG. 3 TYPICAL SUPERHEATER SPRAY SYSTEM

i

be designed basically in accordance with the criteria
set forth earlier in this Section for drain lines. This
similarity should include the installation of power-
operated valves, control room indication of valve posi-
tion, and control room operation of the valves. The
drain line, connection, and valve port should, however,
be a minimum of ¥, in. LD.

3.3.6 Drains should be provided between the main
steam stop valve and first stage nozzles to ensure
removal of water. These would consist of after-seat
drains on the main steam stop valve, before and after-
seat drains on the control or admission valves, and
low point drains on any of the main steam piping
downstream of the control valves. These drains should
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be designed basically in accordance with criteria set
forth earlier in this Section for drain lines. This similarity
should include the installation of power-operated valves,
control room indications of valve position, and control
room operation of the valves. The drain lines, connec-
tions, and valve ports should, however, be a minimum
of ¥ in. LD.

PREVENTION OF WATER DAMAGE TO STEAM
TURBINES USED FOR ELECTRIC POWER GENERATION

(a) open automatically on high water level in the
drain pot (see para. 3.4.5);

(b) ability to be opened or closed by remote manual
controls in the main control room with a high level
control capable of overriding the manual closed position;

(c) position indication in the control room.

3.4.7 When a cooling steam pipe is provided from

34 C

3.4.1 Numerous occurrences of turbine water induc-
tion damage have been attributed to the presence of
water [in the cold reheat line. This water is usually
introdyced into the system from either the reheat attem-
peratof spray station or the feedwater heaters which
extrac{ steam from the cold reheat line. The design of
a draifage system with sufficient capacity to remove
all water that can be introduced into the cold reheat pipe
from these sources is considered impractical because of
the high rate of flow into the piping. For this reason
the regommended system is designed to provide a signal
it operator action to stop water inflow.

3.4.2 Provide a drain pot at the low point of each
cold r¢heat line, preferably as close to the turbine as
possible. This pot should be fabricated from 6 in. or
larger diameter pipe and be no longer than is required
to install level sensing equipment. If there is a low
point In the cold reheat line other than that near the
turbing (either in the cold or hot condition) which”is
upstream of the attemperator or the extraction'supply
to the feed-water heaters, an additional drain_pot should
be insfalled at this point for increasedqprotection.

3.43 Each pot should be provided with a drain
line of nominal 2 in. minimum ‘size and a full size
and full ported automatic pewer-operated drain valve.
The vplve should be arranged to fail open if such a
choice]| is available.

The first Ievel (hlgh level) shall actuate to fully open
the drain valve and shall initiate an alarm in the main
control room indicating that the valve has opened. The
second level (high-hi level) shall initiate a high-hi level
alarm in the control room.

3.4.6 The drain valve control should provide the
following features:

thecold wuca'c-pmc-m-thc-mtcrrncdmrprcssurr'h?rblne
this pipe should not be connected at or neatsthe low
point of the cold reheat pipe. If routing 6f\the rooling

steam pipe creates a low point, a ,continuous drain
should be provided from the cooling steam pipe.

3.4.8 In addition to the drain‘pot and level switches
to detect water in the system, thermocouples |can be
installed on the pipe or<in wells. Two thermodouples,
one on the cold reheat pipe close to the turbine ¢onnec-
tion and one on thé bottom of the horizontal rup below
the turbine, can be'used to detect water by diftLrential
temperature./This system, however, should not pe con-
sidered as a“substitute for the drain pot and level
switches:

3.5‘Reheat Attemperator

3.5.1 Spray water injection in the cold rehgat line
is used as a means to control steam temperaturg at the
outlet of the reheater. These sprays are not efffective
or required for reducing final reheat steam temperature
when used at low loads or during turbine [rolling.
Most incidents of turbine water damage caused by

operation. The water can then be injected i
turbine if flow is increased rapidly.

leakmg past the spray control valve and provndes a
backup in the event that the spray control valve fails
to close when required (see Fig. 5). The spray control
and block valves constitute a double line of defense
against the inadvertent introduction of spray water into
the cold reheat lines. Since spray control valves are
susceptible to leakage, additional protection can be
obtained by use of a second block valve.
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Cold reheat pipe

6 in.

High

%{L

i

High-hi level alarm

To condenser

3.9.3 The control system should automatically close
and gverride all manual and automatic settings of the
reheal spray control and\block valves when the master
fuel al‘rip actuates or/the turbine trips.

3.8.4 Thé block valve should be automatically
closel belows'a predetermined minimum load and any
time [the_demand signal to the contro} valves does not
call

FIG. 4 TYPICAL COLD REHEAT DRAIN SYSTEM

> . jevel
alarm

Control
room
t____ valve
l operating
| switch
I

J

2in. min.

Drain
valve '

=2

test swit
(optiona

l Local vaivg

Valve position
L4 lights on main
control board

3.55 The control system for opening the spray
control valve should be designed to prevent th¢ sudden
injection of large quantities of water.

3.5.6 A manually-operated drain valve should be
installed between the power-operated block vhlve and
the spray control valve. This connection can be ¢quipped
as a tell-tale for periodically testing for blotk valve

automatic control at loads where it can be determined
that it is relatively ineffective in reducing final reheat
steam temperature. The loads used should be in accord-
ance with the boiler manufacturer’s recommendations.
Manual control must not prevent the automatic protec-
tion features specified in para. 3.5.3 from operating in
the event the master fuel trip actuates or the turbine trips.

PR
reakage:

3.5.7 A manual bypass valve around the spray
control valves is not recommended. If this recommenda-
tion is not followed, administrative control should be
used to reduce the inherent possibilities of water in-
duction.
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Controlling Functions

1. Close block and spray control valves on
fuel firing trip or turbine trip.

2. Close spray control valve whenever block
valve is not full open.

I 3. Close block and spray control valves
when unit load is below predetermined
point.

4. Block the reset action of control system
calling for spray control valve opening
until all other permissives are cleared
to allow spray control valve to open.

Cold reheat pipe

Spray-control valve

Block valve

/— Flow element

Manual
test

/ valve L
A ttemperator.

Flow transmitter

/

5

Flow indicator
in control room

FIG.5 TYPICAL REHEATER SPRAY SYSTEM
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3.5.8 A bypass of the block valve should not be
provided under any circumstances.

3.5.9 Instrumentation should be supplied, as indi-
cated in Fig. 5, that will indicate the flow rate of spray
water going to the spray attemperator.

3.6 Hot Reheat Piping

ASME TDP-1-1998

Design of these drains should be consistent with the
recommendations of this Standard.

3.7 Feedwater Heaters and Extraction
Systems

A major cause of turbine damage has been water
induction from the exfraction system, feedwater heaters,

3|6.1 The design of the drainage system for hot
rehdat piping and associated equipment is similar to
the glrain system outlined previously for the main steam
system.

3|6.2 The equipment required for the hot reheat
steafn piping system to preclude the induction of water
into| the turbine consists of drain systems to remove
water prior to and during initial rolling of the machine.

3|6.3 All low points in the hot reheat piping system

shoyld be drained to remove water prior to initial start-
up. [Care should be taken with respect to the hot and
cold positions to ensure that the actual low point is
draiped. Where horizontal runs of extended length exist,
the Jow point should be considered as the downstream
“end|of this section of piping.

3|6.4 Prior to starting the turbine the hot reheat
piping will be at condenser pressure. Therefore, a
minjmum 4 in. connection approximately 9_inlong
shoyld be installed to provide for gravity_drainage at
low|loads. This 4 in. pipe should be reduced to' minimum
of INPS 1'% and piped to the condenser through the
shutoff valve of para. 3.6.5.

3|6.5 A full ported power-operated drain valve,
withl full open and closed.'\pasition indication in the
confrol room, should be-lecated in the 1% in. drain
line| and should be.operable from the main control
roon. Where the <user requires more than one valve
in these drain Jdines, at least one of these should be
power-operated: The second of these two valves should
be kept open'by locking or other acceptable means or
prodedures. Drain valves are often located for ease of
mai : ed that the power-

and-asseciated—dratns—Therefore;—tt—is—impertant to pay

considerable attention to the design of-thdse areas.
Following are recommendations for the)design of the
extraction system to minimize the possibility| of water
damage to the turbine. ’

3.7.1 Because of the séverity of damagd that can
occur due to water entering the turbine from an extrac-
tion point, it is recommended that the system be de-
signed so that NO, SINGLE FAILURE OH EQUIP-
MENT SHOULD RESULT IN WATER ENTERING
THE TURBINE- Two independent means of jautomati-
cally prevénting water from entering the turbine from
the extraction system should be provided.

In general these independent means can be a[combina-
tionnof the following items (a) and (b) or (a) and (c):

{a) the automatic drain system from the hgater shell
(see para. 3.7.1 and Fig. 6);

(b) automatic shutoff valves between the feedwater
heater and the turbine and in cascading drain [lines (see
para. 3.7.1.2 and Fig. 7);

(¢) automatic shutoff valves on all sourceq of water
entering the heater shell and tubes (see parp. 3.7.1.3
and Fig. 8).

3.7.1.1 Figure 6 shows the normal prinjary drain
line with its associated level sensor and an autgmatically
operated alternate drain and its level sensor. [The alter-
nate drain is provided to discharge directly to the
condenser. In the case of some low pressure heaters
with internal drain coolers, it may be desirable to
connect the alternate drain directly to the hdater shell
ahead of the drain cooler to assure positive drainage.

3.7.1.2 Automatic shutoff valves in the pxtraction
line from the turbine to the feedwater heater and the
associated equipment are shown in Fig. 7. Th¢se valves

operated drain valve be located in the drain close to
the 4 in. pipe. This will reduce that amount of water
entrapped upstream of the (closed) drain valve.

3.6.6 Because of various arrangements of the reheat
stop and intercept valve used by the turbine manufactur-
ers, their recommendation for drains in and adjacent
to the reheat stop and intercept valves should be used.

are actuated by a high-hi level in the feedwater heater
with a control independent from that used in para.
3.7.1.1 above.

Actuation of these valves indicates that the heater
drainage system shown in Fig. 6 is not capable of
draining the heater. Therefore, cascaded drains to this
feedwater heater should be designed to automatically
close on this high-hi level. This cascaded drain flow
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| i 7
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| L — — — —
L — — — —

Primary drain line Rfihary drain shutoff
L— - ] signal from high-hi
- T level switch on heater
receiving primary
drain flow

Alternate drain to condenser

FIG. 6 TYPICAL HEATER DRAIN.SYSTEM

'__ bl
N.R. Vaive [ P] I
( Primary |
draip-from
I previous heater J
l Drain valve if
required
l“ - - L (see para. 3.7.5) Drain to
I ‘ condenser
I
L

L—High-hi level switch

FIG. 7 TYPICAL HEATER STEAM SIDE ISOLATION SYSTEM
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previous heater Y

Bypass

l__ . — — —— drain from
I
|

/_vale

frogm the previous heater will then be bypaSsed to the
copdenser through its alternate drain.

The required speed of operation of the automatic
shifitoff valves depends on the totalhamount of excess
wdter flowing to the heater and-the volume between
thq high-hi level alarm and the-shutoff valve. The total
amount of excess water~flowing to the heater for
pufposes of this calculation should be the larger of:
a) water flowing-\from two ruptured tubes (four
opgn ends);

b) water equivalent to 10% of the tube side flow.
For these’ two conditions, it is assumed that the
nofmal-heater drain or its alternate to the condenser
is [capable of draining the water that is cascaded to

the—heater—from—previous—heaters—and—from—the—normal

FIG. 8 TYPICAL TUBE SIDE ISOLATION SYSTEM

|
I
|
I
l

such as vertical heaters or heaters at or |above the
turbine, care must be taken in determining usaple storage
volume.

Check valves, either of the free swing, power assisted,
or positive closing design, are not considered a satisfac-
tory shutoff valve for this application because|of possible
seat and disk distortions. These check valvgs are nor-
mally provided for fast action to limit ovefspeed due
to entrained energy in the extraction system. They
can afford some protection from a water induction
standpoint, however, and they should be clos¢d automat-
ically by the same signal that closes the shutoff valve.
They may be located on either side of the shutoff
valve.

stage extraction flow for this heater. The maximum
flow of water from condition (a) or (b) above is then
considered to be contributing to a rising level in the
heater. The required time of operation of the shutoff
valve is then calculated by using the larger flow rate
of the above two conditions and the usable pipe and
heater storage volume between the high-hi level alarm
and the shutoff valve. With some heater arrangements

11

3.7.1.3 It may be impractical to install the shutoff
valves as in Fig. 7 for feedwater heaters in the condenser
neck. Therefore, an acceptable alternative to the second
line of defense shown in Fig. 7 is to bypass the
feedwater heaters as noted in Fig. 8. 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 automatic isolation and bypass valves
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should be determined according to the method of para.
3.7.1.2 based on filling the heater to the top of the shell.
Drains cascaded into the heater must also be automati-
cally shut off from the high-hi level switch.

3.7.1.4 Occasionally, small bypass valves are in-
stalled around the tubeside isolation valves, shown in
Fig. 8. These are generally used to equalize the pressure
on each side of these large isolations valves in order

PREVENTION OF WATER DAMAGE TO STEAM
TURBINES USED FOR ELECTRIC POWER GENERATION

open and closed positions. They should also have a
manual override in the operating direction in the control
room for use during start-up. These drains are provided
to dispose of steam condensing in the extraction line
when the block valve is closed. They do not constitute
a line of defense as covered in para. 3.7.1. When there
is more than one heater from a single extraction point,
operation of the extraction line drain valve(s) depends

them. Where such bypass valves are provided,
they shpuld be power-operated and close automatically
on the [same signal that closes the larger valves.

3.7.2 Baffies placed above the water level in feed-
water heaters are frequently required to control the rate
of stearp flow back into the turbine to limit the resulting
energy | contribution to overspeed. These baffles can
also useful in minimizing the amount of water
entraingd with the steam flowing back into the turbine
following a turbine trip.

3.7.3 Suitable alarms should be provided for the
benefit [of the operator to indicate when the first and
second [lines of defense have been called into operation.
This shpuld be accomplished through the use of separate
high apd high-hi alarm annunciations in the control
room. The high alarm should be an indication that the
heater level has risen to the point where the alternate
drain system is required to function. The high-hi alarm
should pe an indication that the heater isolation sysiem
(second line of defense) has been called into operdtion.
The high-hi alarm is a warning to investigate and shut
off the |source of water. When a heater(s) is-taken out
of service automatically, it may be neceSsary to reduce

turer’s recommendations.

3.7.4 The physical arrangement of level alarms and
heater |drain piping should be such as to preclude
unnecessary actuation.from level surges during start-
up and |normal operation. The design of sensing piping
and valves for{level controls and sensors should be
such that failure or maloperation will not render all
lines of water induction protection inoperative.

on the design of e conmecting exuracton pipipg and
the possibility for collection of water ahead pf the
drain valve above the closed block valve:

3.7.6 There should be no bypasses-around ext action
line shutoff or nonreturn valves?

3.7.7 Thermocouples may-be installed in the lurbine
at locations determined(by the turbine manufacturer or
in the connecting stéam piping to assist in Igcating
sources of water that may enter the turbine.

3.7.8 Imydesigning these protective systems, |provi-
sion should be made in the design for periodic testing.
(See Section 5 for testing.)

3.7.9 Other arrangements of feedwater heatdrs and
bypasses are satisfactory, provided they accomplish the
same purpose as the arrangement of Fig. 8.

3.7.10 For heaters in the condenser neck, margins
for preventing water induction can be incrclled if
subcooling zones are avoided and drains are nt cas-
caded into these heaters.

3.7.11 Where a separate drain tank is employed
with a low pressure heater, adequately sized| vents
and drains are essential. To account for possible flow
restriction in the interconnecting pipe, a separat¢ level
sensor should be mounted on the heater and should
operate the heater’s isolation system.

3.7.5 A drain should be located at the low point
in the extraction pipe between the turbine and block
valve and routed separately to the condenser. A power-
operated drain valve should be installed in this line
that opens automatically upon closure of the block
valve in the extraction pipe. Any other low points in
the extraction lines should be similarly drained. These
drain valves should have control room indication of

12

3.8 Direct Contact (DC) Feedwater Heaters
3.8.1 The DC heater is a sgumLmld_ulam or

water which can flow back to the turbine. A power
assisted check valve(s) is normally provided in the
extraction line to the DC heater. For plant cycles in
which the DC heater is supplied from the same extrac-
tion line as the feed pump turbine or other unit auxilia-
ries (air preheating, station heating, etc.), the power
assisted check valve(s) may be located in the common
extraction header.
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3.8.2 Two independent means of automatically
preventing water from entering the turbine from the
DC heater should be provided. In general, the protection
arrangement can be a combination of the following
items (a) and (b) or (a) and (c):

(a) automatic shutoff valve in the extraction line to
the DC heater (see para. 3.8.3 and Figs. 9 and 10);

(b) automatic drain system from the DC heater stor-

ASME TDP-1-1998

in the DC heater storage tank. Figure 10 shows a
typical arrangement for these block valves.

3.8.6 Three level sensors should be provided on
the DC heater storage tank at separate predetermined
levels above the normal operating level. When the
water in the storage tank reaches the first level, high
level, an alarm should be actuated in the control room.

age[ tank or feed pump suction line (see para. 3.8.4
and| Fig. 9);

(k) automatic block valves on all sources of water
entgring the DC heater (see para. 3.8.5 and Fig. 10).

3.8.3 In etther protection arrangement, an automatic
shufoff vaive should be provided in the extraction line
to the DC heater so located that it can isolate the
heater from the extraction line but still permit extraction
flow to the feed pump turbine. The operating speed
of this valve should be fast enough so that during its
travel time, the water inflow to the DC heater cannot
fill the usable volume between the emergency high-hi
levgl and the bottom of the extraction connection on
the |heater. For this determination the net inflow shall
be ponsidered to be the sum of the condensate flow
fron the low pressure heaters plus the cascading drain
flow from the high pressure heaters. Care must be
tak¢n not to include any volume of the extraction line
in this determination.

.8.4 If a drain line from the DC heater storage
tank or the feed pump suction line is provided as the
second means of protection, it should discharge to
either the condenser, a flash tank,(Or'an external storage
tank and should be activated (on high-hi level in the
DC| heater storage tank. Figure 9 shows a typical
arrgngement of a drain from)the DC heater storage tank
and| its associated level sensor. The drain connection at
the [storage tank should be located such that the tank
is ot drained dry)if the drain valve should fail open.
For| a drain, connection from the feed pump suction
ling, low D€ heater water level protection should be
proyided-for the feed pump in addition to the sensors
shopnin Fig. 9.

The prnimary control valves in the water lifes to the
DC heater should have been or now should’ pe closed.
If the water level continues to rise topthe secpnd level,
high-hi level, the means of protection discussgd in para.
3.8.4 or 3.8.5 should be activdated and another alarm
actuated in the control roorn, JThe automatic shutoff
valve in the extraction line ‘to the DC heater should
be closed and a third\lalarm actuated if the level
continues to rise to(the third level, emergengy high-hi
level. The third level sensor may also bg used to
provide a redundant signal to the means of protection
activated bycthe second level sensor.

3.8.7 * Location of drains, valving, and the alarms
provided should be as previously mentioned '(rsee paras.
377.3 and 3.7.5). The effects of net positiye suction
head decay on the feed pump during the| transient
period following the closure of the automatlic shutoff
valve in the extraction line to the DC heater should
be considered. The designer should consider(the intro-
duction of pegging steam in the developmg¢nt of his
detail design to assure against water induction with the
failure of a single drain valve.

3.9 Turbine Steam Seal Systems

Water induction through the steam seal system can
cause serious damage to turbines, especially in the
high or intermediate pressure elements having metal
temperatures much greater than the temperatute of water
or saturated steam entering accidentally through the
steam glands. Precaution should be taken fo prevent
water or saturated steam from entering the $team seal
system.

3.8.5 If block valves are used as the second means
of protection, they should be power-operated and in-
stalled in series with the primary 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 should be automatically closed on high-hi level

13

3.9.1 Pipes feeding steam to steam seal systems
should be pitched (%4 in/ft, min.) toward the source
of steam (main, auxiliary, or cold reheat steam). Refer
to Fig. 11. If these pipes are not pitched to their
sources, there must be a drain on the inlet side of
each valve to avoid accumulation of water that can be
injected into the seal system when a regulating valve
opens. This must be a continuous orificed drain.
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3.9.2 Pitch the pipes of the steam seal system (Y,
in./ft, min.) between the turbine and the gland header
so that they are self-draining to the header. If there
are low points in this piping system, they should be
drained to the gland condenser or main condenser using
continuous orificed drains. Drain pipe bore and shutoff
valve port should not be less than ¥, in.

ASME TDP-1-1998

3.10 Boiler Feed Pump Turbine Steam
Supply

A boiler feed pump (BFP) turbine may receive throttle
steam from different sources, and it is possible to have
water in these piping systems. The following design
guidelines are provided to assist designers in developing
piping systems to prevent the induction of water into

9.3 Pitch the pipes between the turbine and gland
conflenser (Y4 in./ft, min.) so that they are self-draining
to the gland condenser. If there are low points in this
piping system, they should be drained to the same pipe
at 4 lower elevation or through a loop seal to a drip
tank or atmosphere.

9.4 If a desuperheater spray station is used, a
power-operated block valve for remote-manual opera-
tion| should be used to prevent water flow into the
steam seal header when the steam seal system is out
of dervice.

9.5 There should be a drain downstream of the-

steam seal system desuperheater that is designed to
hanflle all of the water that can be injected into the
steam seal piping with the spray valve in the widg
opeh position. This should be a continuous drain routed
to the gland condenser or main condenser. The configu-
ratign of piping should be such that spray water-cannot
entdr the high pressure steam seal piping:

319.6 A connection of a pipe-serving as a source
for $eal steam (i.e., main steam,Cold reheat, or auxiliary
soufce) should be located pn a vertical leg or from
the |top of a horizontal rdn\of piping.

319.7 Excess steam from the gland steam header
may be routed 10_a low pressure feedwater heater and/
or the condenser. However, if this steam is routed to
a low pressure‘heater, it should be diverted automatically
to the ¢ondenser when the heater is out of service or
at 1pwcloads when the steam temperature exceeds the

should be located in the control room.

The 1A warbine through BFPturbine throttle steam
supply lines.

3.10.1 Each BFP turbine throttle steam pipe con-
nected to the main turbine piping {i.e., extra¢tion and/
or cold reheat) should containnot less than gne nonre-
turn valve and shutoff valve."Refer to Figs. 12 and
13. The nonreturn valve(s) may be powef assisted
according to the requirements of the main turbine and
actuated by a mainturbine trip. The number of jnonreturn
valves is to be determined by the main turbine|manufac-
turer. The nonreturn valves should be locatgd so that
they preveént ‘steam bypassing from one majn turbine
extraction zorie to another.

3:70.2 All throttle steam pipes to BFR turbines
should be heated at all times so that they are available
for immediate service. Remote power-operated drains
and above-seat drains shown in Figs. 12 and (13 should
be considered typical. The power plant designer should
determine location of the warning orifices on the basis of
the actual piping arrangement. Valve position indicators

3.10.3 Provide a drain with a power-operated valve
on each side of the nonreturn valve station. (A second
drain may not be required if the pipe configuration is
self-draining.) Bypass each drain valve with & continu-
ous orificed drain as shown in Fig. 14. The power-
operated drains are used to heat the BFP turbipe throttle
stcam pipes. Use the BFP turbine stop valve above
seat drains if permitted by the manufacturer|and if of
adequate capacity. Otherwise, provide a sepdrate drain
system on the turbine side of the nonreturn valve
station.

allowable temperature of the heater.

3.9.8 If an auxiliary boiler or other source is used
to supply seal steam, the power plant designer must
consider the temperature-flow characteristics of auxiliary
boilers or other sources to ensure that the temperature
of the seal steam satisfies the turbine manufacturer’s
requirements.

17

3- 14— When—a—desuperheaterisrequired (external

to a package boiler) to control the temperature of the
steam to the BFP turbine, provide an automatic drain
downstream of this desuperheater station that is adequate
to drain the maximum quantity of water that can be
injected into the pipe.

Use a level sensing device mounted on a drain pot
to control the automatic drain valve (Figs. 12 and 13)
and alarm in control room. Provide a power-operated
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3.11.5 Drain piping from the connections provided
by the turbine manufacturer should be large enough to
ensure adequate flow area for the volume increase
following critical pressure drop through the drain valve.

Plug for Orifice
cleaning — T '/ 3.11.6 Continuous drain orifices, when used, should
r ! be located and designed so that they may be cleaned
s, o frequently and will not be susceptible to plugging by

FIG. 14 TYPICAL CONTINUOUS DRAIN
ORIFICE

valve ip the spray water pipe ahead of the spray control
valve tp permit positive shutoff of spray water when
the asspciated steamn supply line is out of service and
when the BFP turbine is tripped. (See Section 5 for
testing.)

3.10|5 A connection on piping serving as a source
of throftle steam for a BFP turbine (i.e., main steam,
cold reheat, or auxiliary source) should be located on
a verti¢al leg well above the low point in the source
pipe oy from the top of a horizontal run of piping.

3.11 Drain Systems — Turbine and Cycle
Riping

The |following are general design rules for drain
system$. They are an accumulation of past(successful
design practices. These recommendations should be used
in conjlinction with the specific drain_recommendations

-made by the manufacturer to the-'various pieces of
equipment.

3.11[1 Drain lines should-be designed for both hot
and cold conditions and should have a continuous slope

in the |direction of flow" to the terminal point. Any
loops required for.flexibility should be in the plane of
the sl or in/yertical runs.

3.11.2 CAl drain and manifold connections at the
condensershell must be above the maximum hot-

debris. Shown in Fig. 14 is an arrangement _that has
given good service.

The drip pot or dirt catcher may be capped, flanged,
or provided with a blowdown valve for occasjonally
cleaning out the pocket. Strainers may ‘be used upptream
of the orifice for additional protection.

3.11.7 Drains and valvé(ports should be siZed for
the maximum amount of water to be handled| under
any operating condition;”but in no case should they
be less than ¥, in. LD. Consideration should bel given
to the pressure/ difference that exists during Yarious
operating modes 'so that the drain line will be designed
to handle ‘the maximum expected flows under the
minimum, pressure differential conditions.

3:11.8 Turbine and extraction line drain |valves
should be power-operated. These valves should [be set
to open automatically on a turbine trip and be remotely
operable in the control room. Extraction ling drain
valves should also open automatically on high-hi level
in the associated heater. If desired, a control |switch
may be used to operate more than one remotely operable
drain valve; however, grouping valves togethef on a
common control switch requires that it be accgptable
for all of them to open or close at the samg time
under all operating conditions. (See para. 3.7.5 gnd the
turbine manufacturer’s drain operating recommenglations
for suggested groupings.)

means of drainage of critical drain lines. Thdy may
be used in parallel with automatically operated drain
valves. ’

3.11.10 Drain lines may be routed separjtely to
confeetions—or-to—matt denser

3.11.9 Steam traps are not satisfactory as t%e only

well level.

3.11.3 Drain lines in exposed areas should be
protected from freezing.

3.11.4 Drain line isolation valves that are not
normally used during start-up and operation should be
kept open by locking or other acceptable means or
procedures.
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shell. The following recommendations apply to these
drain manifolds:

(a) The cross-sectional area of each manifold should
be large enough to assure that the manifold internal
pressure with all simultaneous drains open is lower
than that of the lowest pressure drain into the manifold.
Straight or L-shaped manifolds as shown in Fig. 15
are acceptable.
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FIG. 15 TYPICAL CONDENSER DRAIN-MANIFOLDS

(p) It a baffle is used, the free area at the discharge steanmy directly into the hotwell to avoid spraying water
of the manifold should not be less than 1'% times the into "the last stage buckets.
- intdrnal cross-sectional area of the manifold. The baffle
should be arranged so that it does not interfere with

proper functioning of adjacent baffles. 3.11.11 Drainage from vessels such as|feedwater

c) Drain lines to the manifolds should be mounted heaters, steam jet ejectors, gland steam cpndensers,
at 45 deg. to the manifold axial center line, with the etc., that drain water continually, must not |be routed
drajn line discharge pointing toward the condenser. The to drain manifolds.

drajn lines should be arranged in descending order of
pregsure, with the drain from the highest pressure source

condenser

farthest from the manifold opening.at the condenser 3.11.12 Pipes discharging steam to the
wall. Drain manifolds at the condenser should be located from turbine (steam dump) valves that are autpmatically
in dccordance with the condenser-manufacturer’s recom- operated by the turbine control system (ventilator valves,
mendation. blowdown valves, equalizer valves, etc.) myist not be
/) The drains to manifolds should be grouped in connected to turbine drain manifolds, buf must be
apgroximately the same Operating pressure ranges. Ide- routed separately to the condenser. These pipes should
allyl, manifolds should contain drains from the same be pitched to the condenser, so there are no |ow points
arep of the cyele or turbine. Care should be taken in to collect water. Spray attemperators introduging water
routing drains together from different sections of a pipe in these discharge lines to the condenser should be

that can* experience extreme differences in pressure arranged to shut off whenever there is no flow from

duq to_closing of isolation valves. The turbine manufac- the valves. This is to prevent possible badk flow of
turer’ ecommendation hould be considered fo vater_into the bine_when va m-is broken in the
proper grouping of turbine drains. condenser. One way to accomplish this is to automati-

(e) On side or top exhaust turbine-condenser arrange- cally shut off the flow of water from the attemperator
ments, it may be impossible to drain to the condenser. sprays whenever the pressure ahead of the valve reaches
In this case, other provisions, such as a separate drain a predetermined low value or when the steam dump
tank, must be made. valve is closed. Valve position alone is not adequate

When side exhaust condensers are used the hotwell since many of these valves are open continuously while
level is closer to the turbine than with downward the turbine is shut down and attemperator spray flow

exhaust. Care should therefore be taken not to discharge is not required at this time.
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3.11.13 Remote position indication of all power-
operated drain valves should be provided in the con-
trol room.

3.11.14 Limit switches to indicate the full open
and full closed positions of valves are adequate as
remote position indication of drain valves.

PREVENTION OF WATER DAMAGE TO STEAM
TURBINES USED FOR ELECTRIC POWER GENERATION

flows that occur infrequently should also be considered,
so as to reduce the duty on the condenser and to
eliminate the need to handle these large flows at the
low absolute pressures maintained in the condenser.

3.12.1 Recommended Location. More informa-
tion regarding the location and design of condenser
connections may be obtained from the Heat Exchange

3.11]15 Thermocouples in drain lines may be useful
in assufing that drain lines are not plugged.

3.12 Condenser Steam and Water Dumps

Improperly designed steam and water dumps to the
condenIer can cause turbine casing distortions and
damage]|to stationary and rotating turbine parts compara-
ble to that caused by water from extraction, main steam,
and reljeat lines. The damage has consisted of low
pressur¢ inner casing distortion leading to severe pack-
ing rub$, permanent distortion of horizontal joints that
can nofl be closed, bucket/blade damage, and damage
to the ¢ondenser itself.

In the initial specifications for the condenser, consid-
eration fis given to many factors such as flow and heat
load frqm the turbine exhaust, the economics of water
ture, fuel costs, turbine and plant cycle efficien-
condenser space requirements. The condenser
manufagturer is required to meet these design parametefts
within the space limitations of the foundation.opening.
If the r¢quired steam and water dumps to the.condenser
are not known during the initial design stages but added
later, they may encroach upon design-margins and flow
areas that were previously established” This may then
be a dontributing factor to the, failure mechanisms
discussed above. It is therefore important to include
provisi¢ns for flows from the major steam and water
dumps [in the original specification for the condenser.
Considegration should“be given to abnormal as well as
normal |operations-of Steam and water dumps at various
load conditions(on the turbine. Examples would be
boiler gf turbinie bypass systems, relief valve discharges,
auxiliafy steam turbine dumps, turbine auxiliary valve

Institute (HEI). HEI Standards for Steam Surfacg Con-
densers, Eighth Edition (or later), Section 3:8)\Connec-
tion Locations and Conditions.
(a) Flow Distribution — Turbine Exhaust. It is| desir-
able to locate dumps where the steam and water jets
will not impinge on turbine cofriponents or congdenser
tubes. Incoming piping should not interfere with the
high flow regions of the.turbine exhaust. In general,
the regions of high flow from the turbine exhayst are
the exhaust hood end(walls, side walls, and corers.
Regions of low, flow are found in the central fegion
of the exhaust.hood below the turbine inner cdsing.
(b) Auxiliary Turbine Exhaust. The injection [points
of continuous steam flow to the condenser, sych as
auxiliary-turbine exhausts, should be located whgre the
incoming jet will not impinge at high velocjty on
turbine components or condenser tubes nor interfere
with the high flow regions. A suggested location is in
the region beneath heater shells or extraction piping,
well below the turbine inner casing. The flow should
be directed downward, as shown in Fig. 16. Carg must
be taken to orient the vanes of the grid to avpid an
upward flow component. The connection should nor-
mally be located in the condenser dome. Alterpately,
this connection may be located on the condenser side
wall if the steam lane is sufficiently wide to provide
escape area. In this event, the tubes opposite the
connections would be provided with appropriate deflec-
tion baffles to limit the impingement effect. A suggested
method for sizing this connection would be t¢ limit
the exit velocity to:

V = (500 x »)%3

dumps, and feedwater heater alternate drains. In Some
cases, separate equipment such as flash tanks and/or
separate condensing equipment should be considered
for receiving these flows in order to safely dissipate
the energy at a pressure somewhat higher than that in
the condenser. Hot water drains from these flash tanks
and/or separate condensing equipment would then be
discharged by suitable valving to the main condenser.
Atmospheric discharge of high volume, high energy
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where

specific volume, ft*/Ib, at condenser pressure
velocity, ft/sec

v
vV

For example, 2 in. HgA (6752 Pa) pressure would
result in a velocity of 412 ft/sec (125 m/s).
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