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FROM THE EDITOR
2014 User Group Meetings

February 5-6, 501D5-D5A Users,Mid-Year Meeting,
Orlando, Fla, Details as they become available at
www.501d5-d5ausers.org. Participation in this forum
is at no cost to owner/operators of 501D5-D5A gas
turbines. To register, email Gabe Fleck, chairman,
gfleck@aeci.org.

February 16-20, 501F Users Group, Annual Meeting,
Rancho Mirage, Calif, The Westin Mission Hills Resort
& Spa. Chairman: Russ Snyder, russ.snyder@cleco.
com. Contact: Caren Genovese, meeting coordinator,
carengenovese@charter.net.

February 16-20, 501G Users Group, Annual Meeting,
Rancho Mirage, Calif, The Westin Mission Hills Resort
& Spa. Meeting is co-located with 501F Users
Group; some joint functions, including the vendor fair.
Chairman: Steve Bates, steven.bates@suezenergyna.
com. Contact: Caren Genovese, meeting coordinator,
carengenovese@charter.net.

February 24-26, HRSG User’s Group, 22nd Annual
Conference & Expo, Las Vegas, Nev, Red Rock
Resort & Spa. Visit www.hrsgusers.org for the latest
information.

March 23-26, Western Turbine Users Inc, 24th
Annual Conference & Exhibition, Palm Springs, Calif,
Renaissance Hotel/Palm Springs Convention Center.
Chairman: Chuck Casey, ccasey@riversideca.gov. Visit
www.wtui.com for the latest information.

April 6-10, CTOTF—Combustion Turbine Operations
Technical Forum, Spring Conference & Trade Show,
PGA National Resort & Spa, Palm Beach Gardens,
Fla. Contact: Wickey ElImo, group and conference
coordinator, info@ctotf.org.

May 19-23, 7F Users Group, 2014 Conference & Vendor
Fair, Phoenix, Ariz, Sheraton Wild Horse Pass Resort
& Spa. Contact: Sheila Vashi, 7F operations manager,
sheila.vashi@7Fusers.org.

June 3-6, 501D5-D5A Users, Annual Conference &
Vendor Fair. Details as they become available at
www.501d5-d5ausers.org. Contact: Gabe Fleck,
chairman, gfleck@aeci.org.

Week of June 9, T3000 Users Group, 2014 Meeting
and OEM mini courses, Alpharetta, Ga; venue to be
determined. Contact: Neal Coffey, chairman, neal.
coffey@gdfsuezna.com.

June 17-19, V Users Group, Annual Conference, Boston
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(venue to be decided). Contact: Dawn McCarter,
conference coordinator, dawn.mccarter@siemens.com.

June 23-26, Frame 6 Users Group, Annual Conference
& Vendor Fair, Ft Myers, Fla, Sanibel Harbour Marriott
Resort & Spa. Program details as they become available
at www.Frame6UsersGroup.org. Contact: Wickey EImo,
conference coordinator, wickelmo@carolina.rr.com.

July 27-31, Ovation Users’ Group, 27th Annual
Conference, Pittsburgh, Westin Convention Center
Hotel. Register for membership (end users of Ovation
and WDPF systems only) at www.ovationusers.com and
follow website for details as they become available.

August 5-7, Southwest Chemistry Workshop, San
Diego, Wyndham San Diego Bayside. Host: Atlantic
Power Corp. Contact: Frank Spencer, water specialist,
Applied Energy LLC, fspencer@atlanticpower.com.

August 11-13, Combined Cycle Users Group, 2014
Conference and Discussion Forum, San Antonio, Westin
Riverwalk. Registration and program details at www.
ccusers.org as they become available. Registration/
sponsorship contact: Sheila Vashi, sv.eventmgt@gmail.
com. Speaker/program contact: Dr Robert Mayfield,
rmayfield@tenaska.com.

September 7-11, CTOTF—Combustion Turbine
Operations Technical Forum, Fall Conference & Trade
Show, San Diego, Calif, Rancho Bernardo Inn. Contact:
Wickey EImo, group and conference coordinator, info@
ctotf.org.

Early fall, ACC Users Group, Sixth Annual Conference,
San Diego. Details as they become available at www.
acc-usersgroup.org. Registration/sponsorship contact:
Sheila Vashi, sv.eventmgt@gmail.com. Speaker/
program contact: Dr Andrew Howell, chairman, andy.
howell@xcelenergy.com.

Early fall, 7EA Users Group, Annual Conference and
Exhibition. Details as they become available at http://
ge7ea.users-groups.com. Contact: Pat Myers,
pcmyers@aep.com.

December 9-11, Australasian HRSG Users Group,
2014 Annual Conference, Brisbane, Australia, Brisbane
Convention and Exhibition Centre. Registration and
program details as they become available at www.
ahug.co.nz. Registration/exhibitor contact: Kirsten Pain,
meetings@tmm.com.au. Speaker/program contact: Dr
Barry Dooley, chairman, bdooley@structint.com.
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MAJOR INSPECTION

AR

V Energy had the luxury of
time for the first gas-turbine
major inspection at its Wal-
ter M Higgins Generating
Station, located in Primm, Nev, near
the California border about 40 miles
southwest of Las Vegas (Fig 1). With
demand still down from pre-recession
levels, the company conducted the out-
age when temperatures were moder-
ate, from February to May, thereby
avoiding the overtime and premium
services normally associated with a
major. This was the only GT major
conducted by the utility in 2013.
Higgins is a 2 x 1 combined cycle
powered by 501FD2 gas turbines from
Siemens Energy Inc. The air-cooled
plant began commercial operation in
1Q/2004 as Bighorn Generating Sta-
tion, then owned by Reliant
Energy Inc. Higgins has
compiled some enviable
statistics over the years,
most recently 100% start-
ing reliability in 2012: 131
starts in as many attempts.
The outage involved work on the
gas turbines, steam turbine, heat-
recovery steam generators (HRSGs),
high-energy piping, air-cooled condens-
ers, SCR and oxidation catalyst beds,
battery banks, critical instrumenta-
tion, etc. The editors participated in
a roundtable discussion with several
NV Energy engineers who played a
significant role in the various projects
conducted—including Josh Langdon,
Jimmy Daghlian, Christian Herrera,
Scott Amos, and Alex Fitzgerrells. Goal
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Higgins

by Mafté? M'H;ggins‘Ganeratmg Station, a 2 x-1 combined cycle owned by

NV Energy, is powered by 501FD2 gas turbines

was to gather information for the fol-
lowing outage profile, which focuses on
the inspections conducted, corrective
action taken, and improvements made.

Gas turbines

A major concern of the utility’s engi-
neers was the integrity of compressor
thru bolts, which had failed on two
units in the 501F fleet during 2012.
Removal of the rotor, as required for
the major inspection, exposed the
forward ends of the 12 bolts and nuts
between the second and third compres-
sor stages (Fig 2), facilitating the
recommended UT inspection. [=];
Siemens inspected each rotor
(about a day per unit) and found
no indications.

the GT overhaul as the third-
party LTSA provider, in conjunction
with inspection experts from Advanced
Turbine Support LLC, provided a
second opinion on bolt health. They
identified two indications on one unit;
however, those anomalies were smaller
than the minimum size of concern
established by Siemens.

Turbine Row 1 and 2 ring segments
and blades had slightly more than
24,000 equivalent service hours and
were replaced with like components
manufactured by PSM. There were
no major findings in Rows 3 and 4,
but “heavy” repairs were required to
correct for creep. R3 vane deflection, a
fleet issue, also was addressed.

The No. 1 bearing on each unit

[=]
[=]cr

PSM, which was conducting 501F thru
bolt

was rebabbitted to correct for general
wiping. There also was uniform wear
of the thrust bearing but no scoring.
It too was rebabbitted. A check of the
exhaust section revealed wear and tear
similar to that experienced by oth-
ers. There was some cracking on the
diffuser and that was weld-repaired
after reassembly of the exhaust case.
Engineers said that the plant’s proac-
tive preventive maintenance program
for the exhaust section has been effec-
tive in minimizing the need for major
repairs. Struts were in acceptable
condition and no bearing drop was in
evidence.

Combustion section hardware—

fuel nozzles, transition pieces, bas-
kets, support housing—had been
replaced in January 2012 with PSM
12K components and they were in
good condition.
A white deposit was found on flow-
path components from the compressor
inlet through to the turbine section.
This was caused by a process upset in
the evap cooler that allowed off-spec
makeup into the unit for about 24
hours. The fouled media was replaced
and a root-cause-analysis (RCA) inves-
tigation was being conducted at the
time of the editors’ visit to Higgins to
assure this would not happen again.

NV Energy installed PSM’s Com-
bustion Autotune System on one of the
Higgins GT's to automatically optimize
combustion dynamics and emissions,
holding both within specified limits
while compensating for variations
in ambient conditions, fuel-gas com-

COMBINED CYCLE JOURNAL, Third Quarter 2013
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MAJOR INSPECTION

position, and engine deterioration.
This eliminates the need for seasonal
tuning. This is the first application of
Autotune on a 501F series engine. It is
installed and is meeting expectations
on several GE 7FAs—including units
with Mark V, Ve, VI, and VIe control
systems. One of the immediate ben-
efits of the system was a reduction in
ammonia consumption for NOy control.

Heat-recovery steam
generators

NV Energy has invested in training
staff engineers over the last several
years to conduct HRSG inspections
in-house. Attendance at the HRST
Inc’s HRSG Academy and participation
in inspections conducted by outside
experts have underpinned staff educa-
tion. The utility’s engineers are well
versed in where to look and what to
look for during inspections. Plus, they
have access to prior inspection reports,
so they know going into a given unit
what the previous issues were and
where to pay special attention.

The Higgins HRSG inspection was
conducted by two engineers and took
a full seven days. Tools of the trade:
flashlights, mirrors, wire brushes,
etc. Contractors were called in when
a second opinion was necessary or
special nondestructive examination
(NDE) was required. The inspectors
checked penthouse, vestibules, HP/IP/
LP drums, stack, etc, looking for loose
components (such as chevron steam
separators), indications on belly pans,
checking oxide colors in drums, crack-
ing in downcomer welds, etc.

Indications were found in down-
comer welds and Structural Integrity
Associates (SIA) was called in; their
inspectors found no cracking. A bore-
scope used to inspect downcomers and
risers on the LP evap section identified
minor flow-accelerated corrosion at

bends. It wasn’t a serious condition;
merely tracking. The lower IP and LP
headers, made of carbon steel, showed
no trace of FAC.

Some indications were found on the
HP economizer and HP evaporator at
the lower header-to-tube joints. NDE
follow-up gave no cause for concern.
Some tube rows were inspected full-
length. Impact damage between bum-
pers and scallop bars were corrected
by repositioning the bumpers with
a slight offset. To protect the tubes
against scallop-bar rub wear, sleeves
were installed on tubes where the scal-
lop bars are located. The traditional
industry fix of welding together two
hemispherical tube shields was used.

Some superheater tube rows imme-
diately downstream of the duct burn-
ers revealed overheating damage: The
metal decarburized and failed. STA
checked hardness and microstructure
of tubes (T91, 1.5 in. diam, 200 mils
minimum wall) in the region of interest
and recommended replacement of 94.
A lot of science went into the analysis
and decision-making to hold costs in
check. Original tubes were cut out
leaving stubs in the top and bottom
headers and new tube material was
welded to those stubs. Welds were
checked using linear phased array.
Utility engineers surmised that the
metal damage was caused by over-
firing in periods of peak demand before
NV Energy bought the plant.

Visual inspection of socket welds
in HP economizer drains revealed the
likelihood of improper fit-up and poor
weld quality. More than 100 welds
were repaired. A squeeze hydro was
planned the week before restart to
check for leaks and allow use of the
same water for plant restart.

The reheat-steam attemperator
installed at Higgins was not equipped
with a liner, which is standard in all
plants built by the utility. By contrast,

- —

2. The rotor for one of Higgins’ gas turbines is prepared for inspection of thru bolts
COMBINED CYCLE JOURNAL, Third Quarter 2013
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the HP superheater attemperators had
liners. The spool pieces for the reheat-
steam attemperators, about 10 ft long
x18 in. diam, were replaced with ones
having liners. A metallurgical assess-
ment revealed welds, pipe, and headers
downstream of the spool pieces were
in satisfactory condition.

Valves

The roundtable discussion moved from
HRSGs to large steam valves. It focused
on stellite liberation from high-pressure
(HP) and hot reheat (HRH) valves
serving in F-class combined cycles.
Tight shutoff of parallel-slide gate
and non-return globe valves has been
compromised in some cases. This is an
industry-wide problem and
something NV Energy is
dealing with at Higgins and
other plants. The company’s
experience was factored into
the industry roundup pub-
lished in 1Q/2013.

Stellite
disbonding
in valves

Generators

The Higgins gas turbines are coupled
to Siemens Aeropac totally enclosed
water-to-air cooled (TEWAC) genera-
tors, each rated 209 MVA at 18 kVand
0.85 power factor. A borescope inspec-
tion was conducted during the major
to look for possible spark erosion. This
was the second such inspection since
a full rewind in March 2010 to verify
that the new ripple-style slot filler had
eliminated the spark erosion experi-
enced with the original windings.

NV Energy engineers pointed out
that not all available ripple fillers are
capable of operation at the tempera-
tures expected in the Higgins machines,
nor are all capable of applying the force
required given the available space in
the slot. The ripple fillers installed in
2010 were specifically qualified for use
in the Aeropac machine.

The straight portions of the coils
in the slots were inspected using an
articulating borescope through the
radial vent slots in the core, from the
outer diameter. Two rings of vent slots
were inspected, one on the turbine
end and one on the collector end. One
half ring also was inspected in the top
center of the core.

The inspection revealed no indica-
tions consistent with the appearance of
spark erosion or partial discharge. Slot
images were reviewed by the engineer-
ing department, which confirmed the
conclusions drawn by inspectors. Vali-
dation of the rewind solution means
no additional borescope inspections
are required.

ST generator. A diagnostic inspec-
tion with rotor in-situ (DIRIS) was con-
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ducted on the Alstom hydrogen-cooled
generator for the steam turbine, rated
391 MVA at 21 kV and 0.85 power
factor. This robotic inspection focused
on stator wedge tightness and core
integrity. In addition, the generator
inspection program included review of
the complete machine and its auxiliary
systems, rotor-winding condition, sta-
tor/rotor winding polarization index,
leakage-current HV testing, and a
low-flux iron stator core test.

Inspection/test results met expec-
tations. The slot wedge assessment
met OEM criteria, the low-flux core
iron test revealed no critical inter-
lamination shorts, and no specific
rotor winding issues were detected.
Additionally, modal/impact testing
was performed on the end windings.
That effort indicated the elliptical
(N=2) mode shapes of both baskets
remained “low tuned”—below the 120-
Hz excitation frequency. Thus there
will be no vibratory amplification of
the elliptical (N=2) ring modes. End-
winding vibration is consistent with a
30-yr generator lifetime.

Local response testing showed that
the local end-turn response amplitudes
were below the acceptance criteria
(less than 0.05 g/lb) with no concern
about local independent resonanc-
es. Testing of the phase leads also
revealed all responses were below 0.05
g/lb and no concern regarding local
independent resonances.

Vibration of the generator frame
and foundation are of continuing
concern but the implementation of
mitigation procedures has reduced
the significance of the issue. Example:
Vibration-induced instrumentation
problems of the past generally have
been eliminated. Vibration was condu-
cive to the cracking of some external
pipes, but they have been fixed and
their support systems improved.

Loosening of internal fasteners was
identified; problem solved by replacing
conventional washers with Nord-Lock
washers. The OEM told plant personnel
the only way to eliminate any linger-

3. Transform-
ers for the
Higgins gas
turbines were
equipped with
a system for
online dis-
solved gas
analysis

ing vibration problems is to replace the
generator, which it has done on two of
the four units equipped with the same
generator installed at Higgins.

Transformers

Higgins invested in a dissolved gas
monitor for its transformers to help
detect impending fault conditions and
prevent lengthy forced outages (Fig
3). DGA, or dissolved gas analysis, is
considered the single most powerful
tool for transformer fault detection
and asset management.

An eight-gas (Hg, CO, COg, Og,
methane, ethane, ethylene, acetylene)
online DGA monitoring unit from
Kelman Ltd was installed during the
outage. It relies on advanced photo-
acoustic technology to measure all
significant fault gases, plus moisture
in oil, without need for carrier or cali-
bration gas. Data from the gas analy-
sis go to the plant DCS (TXP) and are
stored in PI on a 1-sec basis.

The plant also installed Doble Engi-
neering Co’s online intelligent diagnos-
tic device (IDD) to continually monitor
bushings and current transformers
(CTs). The system detects abnormali-
ties in the insulation system and, when
appropriate, issues alerts—both locally
and remotely. This keeps asset manag-
ers informed about the status of their
bushings and provides the lead time
necessary to determine appropriate
corrective action, if necessary.

When IDD identifies abnormal
bushing behavior it analyzes leakage
current and assesses the condition of
the insulation system. More specifi-
cally, IDD calculates the absolute and
rate-of-change of power/dissipation
factor and capacitance of the problem
bushing, enabling it to determine the
severity of the problem. Advanced
signal processing and field-proven
algorithms are designed to eliminate
noise effects and other environmen-
tal conditions conducive to incorrect
diagnosis and inappropriate corrective
action. CCJ
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STEAM TURBINES

Steam can flow backwards,
erode trailing edges of
last-stage blades

team turbines (ST) often exhib-
it leading-edge erosion on the
last-stage blades (LSB) of the
low-pressure (LP) section. This
is from moisture forming as steam
condenses prior to passing through
the entire machine. The micron-size
water droplets impinge on rotating-
blade surfaces and remove material—
mostly from the leading edge. It is a
well-known problem and has been an
engineering challenge for both OEMs
and equipment owners since about the
time condensing steam turbines were
introduced more than a century ago.

Combined-cycle steam turbines
often operate at part load, introducing
a new problem to the LSB row: Ero-
sion of the trailing edge (TE). Brent
Gregory and Ryan Yamane of Creative
Power Solutions (CPS), Fountain Hills
(Phoenix), Ariz, told the editors they
are seeing cases where a flow condition,
developed in the ST itself, has caused
TE erosion of LSBs. While last-stage
steam-flow behavior at partial load
may be well understood by turbine
OEMs, that may not be the case for
condenser manufacturers, which play
significant roles in determining ST
discharge conditions.

Integration of the ST with the
condenser must be fully understood
to maximize pressure recovery in the
diffuser, allowing for optimal flow
behavior. Gregory said recent work
performed by CPS explains, in part,
how wet steam in the condenser can
re-enter the ST by being “pulled” into
the LSB from a massive flow recircula-
tion caused by turbine and condenser
architecture.

Gregory first saw the problem
while designing LP turbines for air-
craft engines. Turbine designers in
that industry sector have a particular
problem when designing blade rows
because the LPT has significant swings
in its operating point, depending on
what the pilot is requesting as the
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Turbine and Auxiliaries, J Jung Module 234-1

1. Simplified steam flow patterns in the last stage of a steam turbine at vari-

ous loads

2. Typical
arrangement of
the steam-turbine
last-stage blade
row, diffuser, and
condenser

Last-stage blades

Diffuser

engine duty—that
is, take-off, cruise, <
taxi, etc. Each
duty demands a
different air flow
requirement on the
fan; hence, the LPT
does not have a set
design point.
Usually, effi-
ciency is optimized
for the cruise con-
dition because
g,

Condenser
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the airplane will i -5 Sd=
spend a significant

amount of time there. What may hap-
pen under such scaled designs is the
flow in the turbine may not have suf-
ficient capacity to fill the annulus and
flow will migrate off the hub or inner
walls of the flow path, due to the cen-
trifugal forces overtaking the momen-
tum of the air flow, and be forced to the

tip or outer walls.

Something similar happens in
STs at no-load flow conditions or
when steam flow is reduced to reduce
shaft power output. The ST, which
is designed for base-load operation,
experiences a flow separation at part
load inside the turbine flow path which
extends downstream (Fig 1). The void
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Online Collector
Ring Truing

Cutsforth’s Online Truing process grinds your
slip rings online and under load. Our process
is often more accurate than traditional slip
ring machining, less time consuming and
saves maintenance dollars.

It’s Accurate...

Simply put: A round slip ring on turning gear doesn’t always
equal a round slip ring at operating speed. Cutsforth’s Online
Truing takes place at operating temperature and speed

so rings are ground in reference to the shaft’s operational
center. Collector ring life is significantly extended while
brush vibrations and related problems are brought under
control—usually within 2 mils or less.

It’s Faster...

Because there’s no need to take the unit offline o