LARGE STEAM VALVES

Stellite delamination 1s
preventable, but owner/
operators must ‘enforce’
the solution

iberation of cobalt-based
hardfacing (oft-used Stel-
lite™* heing one of these marte-
rials) from large Grade 91
valves installed in comhbined-cycle
main and hot-reheat (HRH) steam
aystems, and in steam turbines, was
a hot topic in the induatry about a
decade ago. With the need for an
evidence-based solurion, the Electric
Power Research Institute (EPRI)
aszemhbled a committee consisting of
owner/operators and stakeholders in
the valve manufacturing supply chain
to collaborate on the development of
guidelines to mitigate the 1zaue.

Three reports on that effort were
released by EPRI in 2013 (sidebar)
and the zolution identifi=d has pre-
vented dishonding of the hardfacing
where employed—at leazt CCJ has
not identified any cases where the
zolution has not met expectations.
Although there are only five or six
years of field experience to vali-
date the auccessful approach at this
time, thats a big improvement for
some plants where delamination had
oceurred in as little as 12 000 hours
of operation.

With a solution available, why 1s
CCJ covering thiz topic again? The
answer 1n brief: Not everyone who
zhould know about this relatively
recent development 13 aware of it
Proof of the knowledge gap came by
way of a phone call from Aaron Flo-
rek of Millenmium Power Services,
a major player in the valve repair
business, who told the editors that
his firm recently had repaired valves
auffering dizbonding at three plants
in a three-month period.

MNeeding confirmation that the old
news (delamination) 13 new again,
the editorz contacted two technical
experts with deep experience on the
zubject—Eim Bezzant of Utah-based
Wasatch Welding Engineering 2er-
vices and John Siefert, manager of
EPRI's Materialz and Repair Pro-
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gram—as well as current users, and
power-industry veteran Joe Miller,
now industry director for power at
ValvTechnologies Inc (VTI), which
offers an alternartive to Stellite hard-
facing on the disks, seats, and stems
of new steam valves.

All agreed that 3tellite dishonding
continues to haunt the industry—in
large measure because OWner/opera-
tors generally haven't been diligent
1n upgrading their specifications both
for new valves and valve repaira to
reflect recent experience. It 12 not suf-
ficient to s3imply specify that valves be
manufactured, or repaired, to meet
the requirements of the ASME Boiler
and Pressure Vessel Code (for valves
within the Code boundary) and ANSI/
ASME B31.1 (for valves included with
boiler external piping). Recall that
these documents prescribe minimum
reguirements and were developed
to ensure that the egquipment they
addresa 1s safe.

They certainly do mot protect
against the financial fallout from &
delamination event that forces vour
plant offline or prolongs a sched-
uled outage. With all the changes
to grid contractual agreements
over the last few years, it 13 worth
reviewlng the exposure your plant
could have to a valve fallure and
how much it's prudent to spend on
original equipment and repairs to
in3ure AgAlnst one.

Remember, too, 1t’s not enough to
simply upgrade valve specifications,
you have to monitor the manufactur-
ing and repair practices of the selected
solutions providers to ensure they
are doing what you have carefully
specifisd in the contract. This can be
challenging where offshore vendors
are involved. Boller manufacturers
and EPC firms tend to buy foreign,
in particular from Korea and India,
to reduce their costs and they may be
reluctant to monitor contract perfor-
mance in-person. Such details must

be agreed to and understood before
work hegins.

Many hoiler and turbine valves
have performed admirably over the
vears with cobalt-based hardfacing, as
well as with other hardfacing materi-
als. But the change to Grade 91 valve
bodies and the demanding operating
conditions for heat-recovery steam
generators (HR3G3) in combined-cycle
service have pushed to the limit the
technology traditionally used to bond
cobalt-hased hardfacing to C124 or
F91 valve trim. Today's high steam
temperatures required a different
methodology for attaching the two
materials.

In simple terms, here’s what EPRTs
materials experts learned: Addicion of
a “buttering” layer of nickel-bazed
allogy—szuch as Inconel™ —zeparated
Ztellite and F91 marterial and pre-
vented formation of an undeszirable
metallurgical condition in the weld
zone between the two metals which
1= conducive to disbonding.

Plant experience

Florek told CCJ many plants in the
country are addressing Stellite delam-
inarion izsuss and there are many
more not yet aware of the problem
they probably have. The three plants
located in the Northeast that Millen-
niam Power provided outage services
for in the three-month period (2020
mentioned above i1llustrate Ondings
typically identified at other facilities.
Here are some of the details from
those projects:

The first plant, & 2 = 1 H-class
combined cycle began operating in
2017. Delamination was obzerved on
six valves asscciated with the boil-
ers and steam syatem at that facil-
ity—HP HREG isolation, HP header
1zolation (a/k/a blending valve), and
HEH (hot reheat) header isolation
(for 1zolating one boiler from the
other when necessary). The first type

COMBINED CYCLE JOURNAL, Number 66 (2021)



was 1n the Eurcpean boller manufac-
turer's scope of supply and sourced
from Korea, the mixing valves in the
EPC firm’s acope came from another
manufaciurer.

The 14-in., F91 HP boiler valves
were specified for service ar 2420
p3igi1065F. The type of Stellite hard-
facing was not specified. What 1=
Enown is that no buttering layer was
uzed and that the Plasma Transferred
Arc Welding (PTAW) procezs likely
was emploved for Stellite attachment.
The HP isclation and hlending valves
are of the parallel-slide gate type and
suffered Stellite iberation from hoth
the seat rings and discs.

MNote that these valves were man-
ufactured before the EPRI guide-
lines (sidebar) were publizshed. The

EPRI findings identified disbonding
concerns heginning at steam tem-
peratures of about 975F, possibly
even lower, with shorter expected
life &5 the operafing Temperaturs
increaszed.

When restarting the plant after
the 2020 spring outage, an HP bypass
valve on one of the HREG: stuck open
at 80% of full travel. Thiz particular
valve had just been retrofitted with
A New magnetite stralner modifica-
tion and reazsembled. Inspection
revealed hardensd material in the
valve, hegging the guestion: Where's
this coming from?

Repair of two valves on the hoiler
the stuck-open valve and one addi-
tional HP valve), plus inspection and
removal of debris from the steam
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1. Removal of damaged seats and rein-
stallation of new ones is a job for experts
capable of quality work in uncomfortable
positions (A). Examples of seat (BY and
disk (C) delamination illustrate typical
damage to these critical valve pars. Stel-
lite overlay has been welded on new disc
(DY with an Inconel butter layer between
the FE81 base material and hardfacing.
Fimal machining of the stellite overlay on
valve seat is in progress in (E), finished
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product in {F). New
seat was installed in
valve body (G} using
a robotic welder to
make the critical weld
behind the seat. With
both seats installed
(H}, the valve is
ready for reassembly

aystem, Were priorities. Some of
the liherated material had traveled
downstream to the steam turbine.
It had piled up against the unit’s
pPIOtective steam strainers and was
removed later, in fall 2020. During
both outages, a horescope equipped
with & magnet waz run up throuch the
steam lines to collect any remaining
loose debris.

A specialty engineering firm was
engaged to analyze the acrap and
make recommendations. There were
no unexpected findings. That company
also confirmed the importance of a
buttering layer. Bezzant recommends
a buffer layer of ERNICr-3 (Inconel
Filler Metal 82), or an equivalent
PTAW powder, to prevent carbon
migration into the Stellite.
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The affected valves were dizas-
sembled and discs and seat rings cur
put. Millennium provided new seart
rings and hardfacing for the discs
conaistent with EPRI recommenda-
tronz and the company’s experience.

Plant personnel continue to ana-
Ivze the delamination izsue and how
to prevent it, with aszistance from
one of the valve manufacturers. One
of the gquestions they are trying to
answer: Iz there a temperature at
which hardfacing of the type cur-
rently used and applied becomes
impractical? Ancther: Is the ramp
TATE OT STeam remperature the causs
of dishonding?

Steps already taken by the plant
include modification of its cold-=tart
procedure (more time) and greater
emphasis on the uze of aparging steam
from an auxiliary boiler to keep the
unit warm when offline.

Regular inspections of valves ars
lmportant to assess their true condi-
tion. The plant manager suggested
that absent leak-by, your valves likely
are fine. But 1t’s probably a good 1dea
to still =elect one or tWo VAIVES At Tan-
dom for a thorough NDE inspection
during each hot-gas-path outage. Why
only one or two valves? Every time you
open a healthy valve you run the risk
of compromising its INTegrity.

If your inspection indicates leak-
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by, immediate actlon to correct 1s
recommended.

Millennium Power refurbizhed
four HP valves (1zolation and blend-
ing) on the affected boilers to return
the combined cycle to full power as
guickly as possible. Work on the
valves was completed in-zitu a day
ahead of the sight-day schedule.
Plant’s plan is to address damage to
other valves suffering delamination,
85 necessary, during furure schedulsd
outages.

In preparation for the fall 2020
outage, Millennium got the repair
effort on the two HREH blending valves
moving hefore the outage began by

2, Strange things can happen to
equipment in severe service. Welds
joining the valve seats to their bod-
ies were found broken and one of the
seats badly deformed

making new seat rings In itz shop,
Florek touting the company’s ability to
Teverse enginesr and typically make
any manufacturer's valve parts in less
time than it would take the vendor of
record to supply them.

The first step In the repair pro-
cess was to remove damaged parts
and prep the valves for new parts
and hardfacing—something Florek
says the company has done at leasta
couple of dozen times to date. Follow
key steps in the montage of photos
incorporated into Fig 1. He added that
sometimes just the hardfacing is dam-
aged, not the basic part. In such cases
T’ sometimes possihle to remove the
coating and reapply Stellite with the
requisite butter layer.

Millennium Power's field service
personnel moved 1o short order from
this project to another in the region
where two 24-1n. parallel-shide gate
valvez were refurbizhed within two
weeks. Old seats were removed, new
zeatz manufactured with Stellite over-
lay and Inconel butter layer, and the
valves rebuilt, including new actua-
tors. Original seat welds were found
broken; one of the seats was severely
deformed (Fig 2).

At the third plant in the Northeast
that Millennium serviced within the
three-month period noted above, a
24-in. wedge gate valve in the HRH
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system was zcheduled for a stem
replacement to mitigate packing wear.
A new stem was manufactured in the
company’s shop and shipped to the
z1te for mn=stallation.

When technicianz dizassembled the
valve, Stellite dishonding was found on
the wedge and both seats. The owner
approved corrective action the next
day and Millenmum’s field machining
crew arrived onsite four days later to
remove both seats while concurrently
refurbishing the existing wedge in
accordance with EPRI recommenda-
f1ons. Seats were replaced, wedge
refurbished, and valve reaszembled all
within 16 days of project start.

Steam turbine

A caze study of damage suffered by a
262-MW D11 steam turbine because of
Srellite delamination azzociated with
HR3G steam valves was preseuted at
the 2019 meening of the Steam Tur-
bine TTaers Group. The clue that some-
thing was amiss: Following a routine
valve test, operators re::-:ug‘r:gizeui that
throttle prezsure had to be mncreazed
by 70 to B0 psig abhove “normal” to
maintain desired cutput—symproms
consistent with poasible steam-path
fouling or damage.

Afrer weeks of data monitoring and
analysis involving peraonnel from the
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owner/operator and OEM, a two-week
outage was taken. Delamination of
Zrellite from the 2earz of HEEG ateam
valres was confirmed by investiga-
tors and a borescope mnapection of the
turhine HP inlet revealed significant
damage to the first-stage nozzle block
and buckets.

Three run-versus-repair oprions
were considered for the steamer:
repair now (reliability cutage); run
at reduced load with no cycling per-
mitted, and repair when new huck-
ets arrive; and run untl the major
maintenance outage planned for some
months ahead.

The OEM's recommendation was
to run the turhine until the planned
major and order new buckets and
diaphragms for the first four stages
of the 262-MW unit; plus, monitor
the machine for noticeable changes
in operation that would indicate addi-
tional damage. Also recommended
was that the owner implement a pro-
gram t0 inapect and replace similar
Stellite-hardfaced valve parts exhibit-
ing delamination. )

Be aware that Stellite alzo has
disbonded from the zeats of steam-
turbine valves; guidelines for their
inspection are prezented n GE™s TIL-
1629R1, “Combined Stop and Control
Valve Seat Stellite Liberation,”™ Dec
31, 2010. Thus, the iInformation pro-
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vided in this document predates the
extensive work done by EPRI, and
summarized in the sidshar, by five
years.

Inspection

Industry experience suggests inspec-
ticn of large steam valves for delamina-
tion and other possible iszues during
the next hot-gas-path (HGP) or major
inapection—especially if this has not
hesn dones previously. Wasatch Weld-
ing Engineering Services’ Bezzant
explainz that visual inspection will
confirm 3tellite liberation, dys pen-
etrant testing will reveal cracking
not visible with the naked eye, and a
straight-beam ultrasonic eZamination
15 necessary to identify dishonding that
may be occurring but not found by
vizual or dye-penetrant examination.
But before cpening your valves,
he suggests vou have a game plan for
repair or replacement in case you find
damage. Failure to plan ahead could
sigmificantly add to your outage ached-
ule. Here are your options if damage
12 found, according to Bezzant:
W Feplace the existing valve with a
new CIoe.
W Cut the valve out of the line and
send it to the manufacturer or
a qualified third-party shop for
Tepair.
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