CENTRAL ELECTRICITY REGULATORY COMMISSION
NEW DELHI

Petition No. 8/MP/2019

Subject . Petition for relaxation/modification of the provisions of the Indian
Electricity Grid Code (Fourth  Amendment) Regulations, 2016
and the Central Electricity Regulatory Commission (Deviation
and Settlement Mechanism and related matters) (Fourth
Amendment) Regulations, 2018 in respect of the schedule for
operation of the Ratnagiri Gas Power Station.

Date of Hearing : 10.1.2019
Coram : Shri P. K. Pujari, Chairperson

Dr. M. K. lyer, Member
Petitioner : Ratnagiri Gas and Power Private Limited (RGPPL)
Respondents : Power System Operation Corporation Limited and Others
Parties present : Shri M.G.Ramachandran, Advocate, RGPPL

Ms. Poorva Saigal, Advocate, RGPPL

Record of Proceeding

Learned counsel for the Petitioner submitted that the present Petition has been
filed for seeking modification of technical minimum loading of the gas turbines of the
Petitioner at 65% to 67% of the MCR/capacity in place of 55% provided in the Central
Electricity Regulatory Commission (Indian Electricity Grid Code) (Fourth Amendment)
Regulations, 2016. Learned counsel further submitted that when load is reduced below
120 MW, the combustion mode changes from the Premix Steady State to Piloted
Premix mode and NOXx levels in the Piloted Premix mode of combustion are more than
160 PPM (corrected) which is much higher than the permissible limit under the Air
(Prevention and Control of Pollution) Act, 1981. Learned counsel requested the
Commission to pass ad-interim ex-parte order to allow the Petitioner to operate the gas
turbine at a level not lower than 65% to 67% till the decision in the petition.

2. After hearing the learned counsel for the Petitioner, the Commission admitted the
Petition and directed to issue notices to the respondents.

3. The Commission directed the respondents to file their replies by 4.2.2019, with an
advance copy to the Petitioner, who may file its rejoinders, if any, by 22.2.2019. The
Commission directed that due date of filing the replies and rejoinder should be strictly
complied with. No extension shall be granted on that account.
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4, The Commission directed the staff to refer the matter to CEA and obtain its
expert opinion in the matter.

5. The Petition shall be listed for hearing in due course for which separate notices will
be issued.

By order of the Commission

SD/-
(T. Rout)
Chief (Law)
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fawar: Request for CEA's expert opinion on upward revision of the Technical minimum

from 55% to 65-67% with respect to loading of the Gas Turbines of M/s Ratnagln
Gas and Power Private Limited (RGPPL) - & SR 4 |

Terl: CERC WA Nil féAies 12t February, 2019,
AR,

Please refer to CERC letter cited above enclosing Record of Proceedings (RoP)
of Petition No. 8/MP/2019 filed by M/s RGPPL before Hon'ble Central Electricity
Regulatory Commission requesting upward revision of technical minimum from 55% to
65-67% of RGPPL ‘Combined cycle power plant at Dabhol. M/s RGPPL has submitted
that its six gas turbines are advanced 9 FA Class Machine with DLN-2* (Dry Low NOx)
combustors. Further, they have submitted that when the gas turbines are operated at a
load less than 120 MW, the combustion mode changes from Premix Steady State to
Piloted Premix mode and the NOx emissions in the Piloted Premix mode are much
higher than the noms stipulated by the Maharashtra Pollution Control Board (MPCB).
Hon’ble CERC has requested CEA to examine the issue and furnish suitable
recommendation on the subject issue/ matter.

In above respect, it is to mention that CEA (TE&TD DIVISIOT‘I) had written to M/s
RGPPL to provide various relevant documents to facilitate in examining the subject
matter. In response, RGPPL has furnished the documents to CEA ds available with
them. Further, in order to have an insight into the design, construction and operational
aspects of Dry Low NOx (DLN) combustors, interactions were held with GE personnel/
engineers. A team of CEA engineers also made a visit to RGPPL's power plant from
19% to 22nd May 2019 with demonstration done on operating Block- 3 CCGT on 20™ &
215t May, 2019.
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The above issue of technical minimum load has been examined in CEA and our

observations on the same are indicated as below:

)

fii)

iv)

As per Records of Proceedings (RoP), the Block-l of the generating station was
established by Dabhol Power Company Limited in the year 1999 and the works on
Block-Il & Il and LNG terminal was in progress. The Dabhol Power Project was
closed down in May, 2001 and the assets of Dabhol Power Company were placed
under the control of a Receiver appointed by the Hon'ble High Court of Bombay.
M/s RGPPL took over the Dabhol Power Project including the integrated LNG
Terminal and associated infrastructural facilities from Court Receiver on 6% October,
2005. ROP indicates that at the time of takeover of the project, equipment of the
generating station were amongst the first few advanced class machines and their
repair, revival and operation & maintenance were unpredictable with no guarantee
or warranty from the OEM.

The Petitioner (M/s RGPPL) after revival and undertaking Renovations &
refurbishment is indicated to be operating and maintaining the CCGT station with the
following capacity:

Blocks Capacity (MW) coD
Block — | 640 (2x 205 MW GTs + 1x 230 MW ST) | 19.05.2009
Block—Il | 663.54 (2x 213 MW GTs + 1x 237.54 MW ST) 01.09.2007
Block — It | 663.54 (2x 213 MW GTs + 1x 237.54 MW ST) 51112007
Total | 1967.08 MW =

MPCB’s letter dated 11.7.2017 on renewal of consent to operate indicates capacity
of Block- 1 as 670 MW, Block- 2 & 3 as 668.54 MW each totaling to 2007.08 MW.
The schedule- 1l of this letter regarding terms and conditions for compliance of air
pollution control indicate NOx emission not to exceed 27 ppm (v/v at 16% oxygen)
with natural Gas firing. There is no reference of relaxed NOx emission at part loading
of the plant/ module.

The DLN 2* combustion system operates in three modes of operation viz. Diffusion
mode, Piloted Premix mode (PPM) and Premix Steady State (PMSS) mode. Out of
these modes Diffusion and Piloted Premix Modes are used during transient modes
like Startub‘/‘Shu.tghown or operation at low load. The NOx emissions are high during
diffusion and piloted premix modes of combustion. The literature availablie on
internet also indicate that due to the flame instability limitations of the DLN
combustor below approximately 50 percent of rated load, the turbine is typically
operated in a conventional diffusion flame mode until the load reaches approximately
50 percent. As a result, NOx levels rise when operating under low load conditions.

In above respect, it is to mention that referring to M/s GE’s document No. GER-
3568G titled, “Dry Low NOx combustion system for GE heavy- duty gas turbines”
available on internet, the Fig. 16 indicates that DLN- 2 combustion system operates
in primary mode & lean- lean mode upto 50% GT load and in premix mode above
50% GT load. The Fig. 18 indicates that NOx emission is minimum in premix mode
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- (load range >50% GT load) and sharply increases at load below 50% GT load. The
extract of M/s GE’s document is enclosed as Annexure- 1.

()~

v) As per GE documents, the reference for changeover of combustion mode from
piloted premix to premix and vice versa, in terms of combustor mode sequencing and
fuel split scheduling, is a calculated temperature called combustion reference
temperature (TTRF1). M/s GE's document No. GEK 106939 titled, “Dry Low NOXx
2.0* System Operation” defines TTRF1 as a function of the median exhaust
temperature, compressor discharge pressure and inlet bell mouth temperature.
Premix mode combustion is indicated as occurring above 2270 deg F during loading
and 2220 deg F during unloading. The extract of M/s GE's document No. GEK
106939 is enclosed as Annexure- 2.

vi) M/s GE’s document No. GER- 3620N (10/17) on heavy- duty gas turbine operating
and maintenance considerations mentions that DLN 2/2* use diffusion combustion
(non- Premix) mode at part load before reaching low emission combustion (Premix)
mode. The general recommendation indicated for continuous mode operation with
guaranteed emission is premixed combustion mode (PM), also ensuring expected
hardware life. The use of non- Premix combustion mode is indicated to affect the
factored maintenance interval of combustion hardware and for DLN 2/2* the
extended piloted premixed operation is indicated to result in a high maintenance
factor of 10. The extract of M/s GE’s document (page- 16, 17) is enclosed as
Annexure- 3.

vii) The variation of NOx emissions at different loadings of gas turbine as provided in the
ROP is indicated at Annexure- 4. It is seen from this annexure that when GT load is
at 120 MW or below, the combustion mode changes from Premix Steady State
(PMSS) to Piloted Premix mode and NOXx -emission is more than 160 ppm
(corrected) which is much higher than MPCB’s permissible limit of 27 ppm (v/v at
15% oxygen).

viii) The para 27(c) of the RoP indicates that RGPPL is required to sustain the operation
of the gas power units in a manner consistent with the technical requirements of 9
FA gas turbines and those provided in the Long term service agreement (LTSA) with
GE Energy (OEM) failing which the RGPPL would not have the technical support for
operating the generating station.

ix) As per CREC regulation, technical minimum load for operation of thermal power
plants (coal, lignite and gas/ liquid fuel based stations) is 55% of rated load. lt is
understood that this has been set as per normal capability of existing coal based
stations without requiring any major modification in plant equipment/ systems. It is to
mention that in case of coal/ lignite based stations, the flame stability is the
constraint for achieving a lower minimum load of the unit. However, in case of DLN
combustor based gas/ liquid fuel based stations, there is no such constraint, but the
limitation comes from sharply increased NOx emission below a preset load of GT as
per change of combustion mode from premix mode to piloted premix mode which is
governed by a calculated combustion reference temperature. M/s GE's technical
document No. GER- 3568G indicates this change over load for DLN 2/2* combustion
system as 50% GT load, below which the NOx emission is indicated to sharply
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increase from level of 25 ppm to about 100 ppm. As such, the reference for
consideration of technical minimum load for DLN 2/2* combustion based plants
(maintaining NOx emission level without requirement of major plant modifications)
should be the changeover load (50% GT load), and to provide for some operational
margin the same should be set as 52% GT load with corresponding CCGT/ plant
loading taken as 62% (vis- a- vis technical minimum load of 55% for coal based
stations).

The Annexure- 5 indicates the components of GT& ST outputs at part loading as

. furnished by RGPPL for a module and corresponding % loading values worked out

Xi)

i)

by CEA. It is seen that due to relatively high part load heat rate deterioration of GT,
the CCGT moedule loading of 65.22% (minimum value of 431.44 MW) corresponds to
average GT loading of 56.8% (average 119.77 MW).

As per results of site demonstration test carried out on 663.54 MW rating Block- 3
[discussed in para (xiii) below alongwith Annexure- 7], for average GT load of 108.4
MW (50.9% loading), the corresponding CCGT load amounts to 402.65 MW (60.7%
CCGT loading). ’

M/s GE were also requested to furnish the similar data indicating the components of
GT & ST outputs at part loading upto 50% CCGT loading. As per generic data
received from M/s GE and analysis carried out at our end (Annexure- 8), for CCGT
loading of 55%, the individual GT loading amounts to 43.7% which is much below
the minimum GT loading of 50% for premix/ premix steady state (PMSS) mode
required for NOx emission within stipulated limit. For GT loading of 49.5%, the
CCGT loading corresponds to 60%. Thus, for keeping individual GT loading at 50%
or above, the CCGT loading needs to be kept above 60%.

In the discussions held with M/s GE on the issue, it was intimated that that GTs in
Block- 1 are provided with DLN 2 combustion system and in Block- 2 & 3 with DLN
2+ combustion system and that NOx emission can be restricted within stipulated
base load emission value above about 55% GT load (about 118 MW). It was
clarified by Mfs GE that with DLN 2/2* combustion system, stipulated NOx emission
limit is difficult to be maintained for plant operation below this GT load. :

RGPPL's CCGT plant at Dhabol has three modules, each in configuration of 2GT +
ST. The modules have not been provided with GT bypass stack, as such, the plant/
module(s) cannot be operated with GT in open cycle mode and needs to be
operated in CCGT mode only.

xiii) A visit to RGPPL's CCGT power plant at Dhabol was made to get apprised about

the issue involved and to have demonstration of the NOx emission problem being
experienced at part Joad in an operating module. The demonstration was made on
CCGT Block- 3 in afternoon on 20t & around noon on 21t May 2019 and for this
RGPPL had taken reduced DC for three time blocks from 11:30 to 12:15 Hrs. on
21.5.2018.

The results of the demonstration test carried out at plant site are indicated in
Annexure- 7. The tabulated data indicates performance parameters of Block- 3
CCGT module in terms of load of GTs, ST & CCGT, reference combustion
temperature (TTRF1), combustion mode (Premix/ Piloted Premix) and NOx
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emission values, covering range of individual GT foad from about 208 MW to about
80 MW. Some reference screen shots are also enclosed as Annexure- 8.

In the above annexures, the maximum load of the Block- 3 is seen to be about 648
MW with GT3A at about 208 MW, GT3B at about 207 MW and STG at about 233
MW, and DLN combustion system in each GT operating in Premix mode with NOx
emission for GT3A as -0.47 ppm (low value due to effect of purging air/ instrument
error) and for GT3B as 16.67 ppm. For operation at higher part loads also, the NOx
emission was seen to be well below 20 ppm with GT3A value less than GT3B
value. It was also observed that for low NOx combustion, the stack emission is
colourless. For site demonstration, the load of each GT was planned to be reduced
from maximum operating to about 80 MW (about 40% of full load).

The analysis of screen shots taken during the demonstration test and trend data
subsequently furnished by RGPPL indicates that for GT3A load upto about 118
MW, the gas combustion is in premix mode with combustion reference firing
temperature (TTRF1) about 1236 deg C and NOx emission values well below 20
ppm level (screen shot, time 11:41:41 Hrs). Based on DAS data furnished by
RGPPL, with reducing load, the initiation for transfer of combustion mode from
premix to piloted premix in case of GT3A is understood to have started at TTRF1 of
about 2247 deg F (1230.6 deg C) and load about 115 MW (trend data time 11:45:10
Hrs.) M/s RGPPL have indicated that, after initiation, completion of combustion
mode transfer process takes about 7- 8 seconds and onset of piloted premix mode
is indicated subsequently. The extract of trend data from DAS for GT3A is enclosed
as Annexure- 9. From trend data, GT load is also seen to increase during
combustion mode changeover process. The NOx emission value in piloted premix
regime was seen to rapidly increase to a high value of about 80 ppm. In case of
GT3B, the initiation for transfer of combustion mode from premix to piloted premix is
understood to have started at TTRF1 of about 2253 deg F (1233.9 deg C) with
corresponding 3GTB load about 111 MW. The NOx emission value in piloted
premix regime was seen to be about 100 ppm. As GT3A/ GT3B load was reduced
further, the TTRF1 value was also seen to follow a general reducing trend with NOx
emission in higher range upto 125 ppm. In low load regime, the colour of chimney
emission was seen to turn to yellowish due to increased quantum of NOx emission.
From site demonstration as above and data collected, it is observed that for NOx
emission compliant operation (Premix mode combustion), the individual GT load
needs to be kept above about 115 MW with corresponding CCGT load about
420MW. This amounts to about 63 % of CCGT Block- 3 rated load of 663.54 MWV.

It is to mention that minimum GT load of about 115 MW is as per combustion
reference temperature set point observed to be about 2250 deg F. However, as per
M/s GE’s document No. GEK 106939 as referred at para (v) above, the TTRF1 for
change of combustion mode from premix to piloted premix mode during unloading
in case of DLN 2* machines is 2220 deg F. M/s RGPPL have -also confirmed that
TTRF1 for change of combustion mode from premix to piloted premix (during
unloading) is presently set in their machines by OEM (M/s GE) as 2250 deg F. M/s
RGPPL are mentioned to have written to M/s GE asking for reason of setting
TTRF1 set point at 2250 deg F instead of 2220 deg F indicated in GE document,
Subsequently, M/s GE's reply forwarded by RGPPL, it has been mentioned that GE
document GEK 106939 (as referred above) has been superseded by GEK 110846a
and that a combustion reference temperature (FXKTM) value of 2310 deg F has
been set for RGPPL’'s 9FA machines based on field fleet operation. It has been
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further mentioned that on unit by unit basis reduction in transfer point can be
attempted during DLN tuning at site.

From above, a margin of 30 deg F seems to be available for lowering of combustion
reference temperature (TTRF1/ FXKTM) set point. From the data collected during
site demonstration test, two graphs have been plotted: one for variation of average
TTRF1 with average GT load & other for variation of average TTRF1 with
corresponding CCGT load during unloading in premix mode and same are indicated
in Annexure- 10. From this, it is observed that as GT/ CCGT load reduces, the
TTRF1 also reduces. At GT load about 120 MW, the slope of the curve indicates
that TTRF1 reduces by about 1.9 deg F per one MW reduction in GT load. As
such, for every 10 deg F reduction in existing set point of TTRF1 (or FXKTM), the
expected reduction in minimum load of individual GT can be taken as about 5 MW.
With reference to CCGT load, TTRF1 is seen to reduce by about 0.9 deg F per one
MW reduction in CCGT load. For every 10 deg F reduction in existing set point of
TTRF1 (or FXKTM), the expected reduction in minimum load of CCGT (2GT+1ST)
can be taken as about 10 MW which amounts to about 1.5% of CCGT Block- 3
rated load of 663.54 MW.

xiv) During the plant visit, RGPPL furnished the extract of load profile of the plant for

XV)

specific days when there was —ve RRAS during the period May, 2018 to February,
2019. The perusal of the data revealed that there were large number of instances
when schedule given was less than 400 MW (mostly about 378 MW) but
corresponding actual generation was more than 400 MW (mostly about 410 MW).
M/s RGPPL indicated that excess generation over the given schedule due to

‘technical limitation on NOx emission has resulted in huge penalty to them as per

applicable CERC regulations.

The Annexure- 11 indicates the generation details for time blocks with —ve RRAS
in two months of July & August 2018 (excluding time block 14 on 20.8.2018 for
which scheduled generation was more than 400 MW). It may be seen that for DC of
540 MW for the indicted 147 time blacks, the generation schedule given to RGPPL
is in the range 371.68 MW to 379.39 MW with average schedule as 378.30 MW.
The actual generation of the plant/ module in the corresponding period is in the
range 406.2 MW to 427.78 MW with average generation as 413.57 MW. The actual
generation is more than the schedule in the range 27.96 MW to 49.69 MW with
average excess generation as 35.27 MW. This may be considered as reflection of
technical difficulty being experienced by RGPPL for module operation below about
410 MW (81.8% of Block- 3 module rating of 663.54 MW) with NOx emission to be
maintained within stipulated limit.

In the discussion held with M/s GE, they were asked about available options to
restrict NOx emission from 9FA machines fitted with DLN2/2* combustion system
below the CCGT load of about 65%. It was emphasised by M/s GE that change of
combustion hardware system from DLN 2/2* to the latest advanced DLN 2.6* will be
essentially required to extend the regime of NOx emission control down upto 40%
GT load without use of their proprietary OpFlex turndown software and upto 35%
GT load with use of OpFlex turndown software. The key features of Dry Low NOx
(DLN) 2.6* combustion system was indicated that it provides low NOx level
emissions, increased emissions compliant turndown capability, and longer
combustion inspection intervals.
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~  xvi) During plant visit, M/s RGPPL were also asked about options available to them for

control of NOx emission at part load operation. It was apprised that M/s GE have
given upgradation offer for GTs costing about Rs. 250 crore for each GT. This
amounts to about Rs. 500 crore for one CCGT block i.e. about Rs. 0.75 crore/MW
of installed capacity. '

xvi)As regards feasibility of installing pdst combustion SCR system in HRSG of 9FA

machines with DLN 2/2* combustion system, M/s GE have indicated that this
requires huge space in HRSG and additionally huge investment if existing HRSG
doesn't have the requisite space. With installation of SCR, high additional operating
expenses shall be involved for consumption of DeNOx reagent. Further, as module
at low load shall be operating in PPM mode, the maintenance factor shall be huge
at about 10. M/s GE as OEM are indicated as not offering SCR system for their 9F
machines. '

Based on consideration of various factors as given, our recommendations are as below:

1.

The technical minimum load of RGPPL’s CCGT plant/ modules at Dhabol,
having GE make 9FA machines provided with DLN 2/2* combustion system, for
MPCB stipulated NOx emission compliant operation without making major
modification in the combustion system, should be set at 62% of CCGT rated
load (corresponding to about 52% GT loading}.

The technical minimum load of individual CCGT module can be reduced below
the 62% value @ 1.5%age point for every 10 deg F reduction in set point of
combustion reference temperature if achieved by GE during DLN tuning of
RGPPL’s 9FA machines at Dhabol in near future.

If major modifications are carried out in a module in terms of complete
replacement of combustion hardware from present DLN 2/2* to DLN 2.6*, the
module can be operated below the level of 60% CCGT load with NOx emission
within the stipulated limit.

This issues with the approval of Chairperson, CEA.
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premixed operation is set by the combustion
reference temperature and IGV position. It typ-
ically ranges from 50% with inlct bleed heat on
to 65% with inlet bleed heat off. Mode transi-
tion from premix to piloted premix or Iﬁiloted
premix to premix, can occur whenever the com-
bustion reference temperature is greater than
9200 F/1204 C. Optimum emissions are gener-
ated in premix mode.

Tertiary Full Speed No Load (FSNL)

"Initiated upon a breaker open event from any
load > 12.5%. Fuel is directed to the tertiary
nozzle only and the unit operates in secondary
FSNL mode for a minimum of 20 seconds, then
transfers to leanlean mode.

Figure 16 illustrates the fuel flow scheduling as-
- sociated with DLN-2 operation. Fuel staging de-
pends on ‘combustion reference temperature
and IGV temperature control operation mode.

DLN-2 Controls and Accessories

The DLN-2 control system regulates the fuel dis-
tribution to the primary, secondary, tertiary-and
quaternary fuel system. The fuel flow distribu-
tion- to each combustion fuel system is a func-

tion of combustion reference temperature and
IGV temperature control mode. Diffusion,
piloted premix and premix flame are. estab-
lished by changing the distribution of fuel flow
in the combustor. The gas fuel system (Figure

Combustlon Reference Temparature '
1y 3 s
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Figure 16. Typical DLN-2 gas fuel split schedule -

GE Power Systems = GER-3566G = (10/00)

Dry Low NO, Combustion Systems for GE Heavy-Duty Gas Turhines

17) consists of the gas fuel stop-ratio valve, pri-
mary gas control valve, secondary gas control
valve premix splitter valve and quaternary gas
control valve. The stop-ratio valve is designed to
maintain a predetermined pressure at the con-
trol-valve inlet.

The primary, secondary and quéternary gas
control valves regulate the desired gas fuel flow
delivered to the turbine in response to the fuel
command from the SPEEDTRONIC™ controls.

Qs Siid Tt Cormpuarimen]
S Specdutie Velve
GUCN Gas Gentral, Bonanddy

QAGY 1
FUSY Prome Sppler Yalve

- Figuré 17. DLN-2 gas fuel system

The premix splitter valve controls the fuel flow
split between the secondary and tertiary fuel
system. :

DLN-2 Emissions Performance

Figurés 18 and 19 show the emissions perform-
ance for a DLN-2-equipped 7FA/9FA for gas
fuel and for oil fuel with water injection.

DLN-2 Experience

The first DLN-2 systems were placed in service
at Florida Power and Light’s Martin Station with
commissioning beginning in September 1993,
and the first two (of four) TEA units entered
commercial service in February 1994. During

cormissioning, quaternary fuel was added and
other combustor modifications were made to

‘control dynamic pressure oscillations in the

combustor.
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Dry Low NO, Combustion Systems for GE Heavy-Duty Gas Tutbines

NO, @ 1% Oy, CO (pprrve)

~ “Figute 18. Gas fuel emissions in diffusion and
"o premixed ;'

1 i 5 i i

htommms‘ae'or'oa'u;am
: Got Turbios Load %
Figure 19. Distillate oil emissions with water
injection above 50% load

After the 7FA DLN-2 entered commercial serv-
ice the 9FA DLN-2 was introduced. Subsequent
fleet experience 1 indicated that to achieve ade-
quate operational robustness against the entire
range of site specific events, an improvement in
premixer flashback resistance was ‘needed.
Under certain transient conditions flashback
can occur where flame “holds” or is supported
in the recirculation zone downstream of the
‘premixed gas pegs. This region is not designed
to withstand the abnormally high temperatures
resulting from the presence of a flame. In the
event of a flashback, the metal temperatures
increase to unacceptable levels and hardware

GE Power Systems = GER-3568G = (10/00)

damage occurs. In some cases, these events
have caused forced outages and adversely
impacted availability. The solution chosen was
to install full “fairings” on the downstream side
of the
Laboratory testing and subsequent fleet experi-
ence has demonstrated that full fairings are -
highly. effective in reducing the probability of
fuel nozzle flash- back. The fairings improve the

cylindrical fuel injection pegs.

peg aerodynamics in order to reduce the size of
the recirculation zone downstream of the pegs.

The result is to significantly reduce the proba-
bility of flame holding or attachment to the pre-
mixed pegs. Figure 20 shows the original DLN-2
fuel nozzle while Figure 21 illustrates the same
nozzle with the addition of the fuel-peg fairings.
As of May 1999 there were 8 6FA, 26 7FA and 38
9FA units equipped with DLN-2 in commercial
service. They have accumulated more than 1.1
million hours of 6p¢ration.

. DLN-2.6 Evolution

Regulatory pressures in the U.S. market in the
early 1990s led to the need to develop 2 9 ppm
combustion system for the Frame 7FA. The
result of this developmerit is the DLN-2.6, which
was first placed into service in March 1996 at
Public Service of Colorado.

Reduction of NO, levels from the DLN-2 at 25
ppm to 9 ppm required that approximately 6%

Figure 20. Un-faired DLN-2 fuel nozzle
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Dry Low NOx 2.0+ System Operation

L GENERAL

IL GASFUEL SYSTEM

The gas fisel system consists of the gas fuel auxitiary stop valve, gas fuel stop/ratio valve, diffusion gas con-
trol valve, PM4 gas contro] valve, and PMI gas control valve. (Refer to Figure 1) '

turbine in response to the command signal FSR from (he SPEEDTRONIC™ panel, The dry low NOx mode
of operation will determine how the control valves stage fuel to the multi-nozzle combustion systeni. The
auxiliary stop valve i used (o provide class 6 sealing when heated fusls are used,

The stop rutio valve and gas control valves are monitored for their ability to hack the command setpoint. IF -
the valve copmand seipoint differs from the actual valve position by a prescribed amount for a period of b1
time, an alarmn will annanciate to wam the operator, If the condition persists forai extended amount of time,

the turbine will be tipped and another alarm wil] annunciate the (rip. 0

HI. GAS FUEL OPERATION

There are three basic modes of. distributing gas fuel fo the DLN-2 0+ combustor. These modes are described
below: )

A. Diftusion Mode

Thase insiuctions do 1O pisport T cover it delails or variations in equipment nor to provide for every possitfe
contiigency to he mel in connection witl instalistion, opovation or MARERENCE. Should fitther information be desired or
shoutd particitar protioms asice which are not covered sulficiently for the purshaser's Pupases the matter shoufd ha

feferred to the GE Company. © 1998 GENERAL ELECTRIC COMPANY
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GEK 106939 : Dry Low NOx 2.0+ System Operation

i S

PM1 GGV
J TURBINE COMPARTMENT
ASY Aux. Stop Valve PM1 Manifold, 1 Noz. Pre~Mix Ority
SRV Speed/Ratio Valve PM4 Manifold, 4 Noz. Pre~Mix Inj.
DBCV GV Gas Control, Diffusion Diffusion Manifold, No. Diffusion 1],

PM4 GCV  Gas Conltrol, Pre—Mix 4 _
PM1GCY Gas Control, Pre-Miy 1 * Purge Alr (CPD Air Supply)

Figure {. DLN-2.9+ Gas Fue) System

[

Diffusion is in the nommal node of aperation from ignition 10 a combustion reference temperature of ll
2,000°F loading and un loading from 1,950°F )] flame out. _

I

B.. Piloted Pre-Miy

In this made, the fuel is split between the three gas.control valves. “To fire an oven pre-mix sphit, the split |
between PMI GOV and. PM4 GCV, which foed the PM1 and PM4 manifolds respectively, shouid be k
20/80. It is normal 1o pup the Pre-mix burners slightly off even split to optimize combustion dynamics
at the expense of emissions,

 Pilofed pre-mix is the combustion mode bctwecnmbasnonreferexi:e temperature Z000°F and 7

{ 2_,27})‘17_ loading and 2,220°p unloading. ; 4 '
C. Pre-Mix gl .
it pre-mmi, all the fuel is directed o the A1 and PMAGC Vs which Feed ihe pre-mix noxgles. Pro-mix ¥ [
¢ mode combustion accurs abave 2,270°F loading and 2,220°F unloading. /7 ﬁ |
o e et e TR CCCL SR Al £.22UTE unloading. . ¥
5

The diagrams in Figures 2 and 3 show how fuel flow is controlled while transferring between the vagjous i' |
combystion modes, i -
; I
5 i
=i 1
£ ,
£ |

K-
i I|

5’.—:]



GEK 106939 Dry Low NOx 2.0+ System Operation

v,

CHAMBER ARRANGEMENT

The9rA+ employs IR simjlar combustors. Foreach machine there awe two sparkeplugs and four flame detec-
tors in selected chambers with crossfire tubes connecting adjacent coinlyustoss. Each combustor consists of
a fivé nozzie/cover assembly, forward and afi corabustion casings, flow slecve assembly, multi-nozzle cap
assembly, liner assembly, and transition plece assembly.

- COMBUSTION REFERENCE TEMPERATURE

¢ The combustion ceference femperating signal (TTRET) s genciated by a caldulaiion in i DLN-2.0+ con-
" ol software. This equatior

1oalculates TTRF1 as a function of the median exhaust temperture (TTXM), the
cotupressordistharge pressure (C: PD), nd the inlet bell mouth; temperature ( CTIM), This calenlated tompér-

7 Ature represents a referesice for cmnhustmn_n_odc sequencing and fuel spliy seheduling and is fiota trne ndica,

tion of actual machine fiting temperatue; A careful chackoyt of the Combustian réference teiiperaiure dug-

g start-up is required, The initial loading of the twrbine should be performed with “pilot premix bage®

S

Vil

selected on and samples of the combustion reference temperaiue cnlcufariqn should be compared to values
listed in the conteo] specifications. The combustion reference temperature should match the control specifi-
cafion numbers within 20°F Diiferences greater than 2075 may indicate an error in e calculation.

DLN-2.0+ INLET GUIDE VANE OPERATION

control. IGV temperature control on canalso bereferred (o as combined eycle operation while [GV tempera-
ture control off is referred to as simple oyele operation,

Inler bleed heati ng (IBH), through the uge of recirculated compressor discharge airflow, is necessary when
operating with reduced IGY angles, Inlet heating protects the compressor from stall by relieving the gis-
charge pressure and by increasing the inlet aiy Stream wmperature. Other benefits include anti-icing protec-
tion due to increased prossure drap acrass the [GVs.

The infet bleed hoat System regulates compresgor discharge bleed flow through & contro) valve and info 2
manifold located in the compressorinlet air stream, The control valve varies the jnled heating air flow as »
fimetion of IGYV angle. At minimum IGY angles the inlet blced flow is controlled to a maximum of 5.0,
of the total compressor discharge flow, As the IGVs are opencd ut higher losds, the fnler bleed flow will pro-
portionally decrease untif gl off.

The 1BH control vaive js monitored for its ability to track the comumand selpoin, [ the valve command set-
point differs from the acuu] valve position by a preseribed amount fora periodoftime, an atarm will an nunei-
ate o warn the operator, [f the condition persists for an extended amount of time, the inlet bleed heat system
will be tripped and the IGV's minimum reference Will be raised to the default value,

T

i
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Combustion Parts

From hardware configuration standpoint, GE combustion
hardware configuration include transition pieces, combustion
liners, flow sleeves, head-end assemblies containing fuel nozzles
and cartridges, end caps and end covers, and assorted other
hardware parts including cross-fire tub'eg. spark plugs and flaime
detectors. In addition, there are various fuel and air delivery

components such as purge or check valves and flexible hoses.

GE offers several types of combustion systems configurations:
Standard combustors, Multi-Nozzle Quiet Combustors (MNQC),
Integrated Gasification Combined Cycle IGCC) combustors,
and Dry Low NO (DLN) combustors. Each of the combustion
configurations mentioned above, has specific gas or liquid fuel
operating characteristics that affect differently combustion
hardware factored maintenance intervals and refurbishment

requirements.

Gas turbines fitted with DLN combustion systems operate in
incremental combustion modes to reach to base load operation.
A combustion mode constitutes a range of turbine load where fuel
delivery in combustion cans is performed via certain combination
of fuel nozzles or fuel circuits within the fuel nozzles. For example,
for DLN 2.6 combustion systems, mode 3 refers to the load range
when fuel is being delivered to PM 1 {Premix 1) and PM 2 {Premix 2).
fuel nozzles through gas control valves PM 1 and PM 2.

Combustion-modes change when turbine load, and consequently
combustion reference temperature value (TTRF1 or CRT) crosses

threshold values defining the initiation of next combustion mode.

Combustor | FSN

Type

DLN 1/1+ Primary

DLN 2/2+ Diffuslon  Lean-Lean/sPPM

DLN 2.6/
2.6+/2.6+ XD5

Flgure 24: DLN combustion mode effect on combustion hardware
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f « Extende

. Continuous mode operation mentioned in this section
refers to intentional turbine operation in a certain combustion
moade for longer than what typically takes during normal

startup/shutdown.

\ded mode operation ‘mentioned in this sections ls
possible in DLN1 or 1+ and DLNZ of 2+ combustion configuration
onl_y,_ \_::.-here the cpntrols logics can be forced to extend a Lean-
Lean Mode or Piloted Premixed Mode beyond the turbine load . |

* correspondingto a nnrn;ai combustion mode transfer (as defined
via TTRF1 or CRT values). i

From operational standpoint, earlier DLN combustion configurations

such as DLN1/1+, DLN2/2+ use diffusior combustion (non-Premix)

at part load before reaching the low emissions combustion mode

{Premix). These combustion modes nomenclatures are referred to

as Lean-Lean, extended Lean-Lean, sub-Piloted‘ Premix and Piloted

Premix Modes. General recommendation for continuous mode

operation is in the combustion mode that provides guaranteed

emissions, which is the premixed combustion mode (PM). This

combustion mode is also the most beneficial operation mode for

. ensuring expected hardware life.

Continuous and extended' mode operation in non-PM combustion
modes is not recommended due to reduction in combustion

hardware life as shown in Figure 24.

With the introduction of full Premix combustion systems, such
as 2.6, 2.6+ the risks for reduction in hardware durability when
running in non-emissions compliance modes are diminished

{with exception of Mode 3, as shown in Figure 24}.

Severity

Base Load

| Combustion Mode Effect on Hardware Life

Premixed

] Extenaed L-L

; Extended PPM ;



The use of non-Premix combustion modes affects the factored

maintenance intervals of combustion hardware as shown below:

DLN-1/DLN-1+ extended lean-lean operation results in a

maintenance factor of 10 {excluding Frame 5 units where MF=2).

Nimonic 263 will have a maintenance factor of 4.

DLN 2.0/DLN 2+ extended piloted premixed operation results in

_ amaintenance factor of_»l(_l»_,/

« Continuous mode operation in Lean-Lean (L-L), sub-Piloted
Premixed (sPPM), or Piloted Premixed (PPM) modes is not
recommended as it will accelerate combustion hardware

degradation.

- In addition, cyclic operation between piloted premixed and
premixed modes leads to thermal loads on the combustion
liner and transition piece similar to the loads encountered

during the startup/shutdown cycle.

Continuous mode operation of DLN 2.6/DLN 2.6+ combustors

will not accelerate combustion hardware degradation.

Another factor that can affect combustion system maintenance
is acoustic dynamics. Acoustic dynamics are pressure oscillations
generated by the combustion process within the combustion
chambers, which when are present at high levels can lead to
significant wear of combustion or hot gas path components.
Common GE practice is to tune the combustion system to levels
of acoustic dynamics deemed low enough not to affect life of
gas turbine hardware. In addition, GE encourages monitoring of
combustion dynamics during turbine operation throughout the

full range of ambient temperatures and loads.

Combustion disassembly is performed, during scheduled
combustion inspections {CI}. Inspection interval guidelines are
included in Figure 36. It is expected, and recommended, that
intervals be modified based on specific experience. Replacement
intervals are usually defined by a recommended number of
combustion {or repair) intervals and are usually combustion
component specific. In general, the replacement interval as a
function of the number of combustion inspection intervals is
reduced if the combustion inspection interval is extended. For
exar'hple. a component having an 8,000-hour Clinterval, and a
six Cl replacement interval, would have a replacement interval
of four Clintervals if the inspection intervals were increased to

12,000 hours (to maintain a 48,000-hour replacement interval).

GE Power | GER-3620N {10/17|

For cambustion parts, the baseline operating conditions that

result in a maintenance factor of one are fired startup and
shutdown to base load on natural gas fuel without steam or water
injection. Factors that increase the hours-hased maintenance factor
include peak load operation, distillate or heavy fuels, and steam or
‘water injection. Factors that increase starts-based maintenance
factor include peak load start/stop cycles, distillate or heavy fuels,

steam or water injection, trips, and peaking-fast starts.

Casing Parts

Most GE gas turbines have inlet, compressor, compressor
discharge, and turbine cases in addition to exhaust frames. Inner
barrels are typically attached to the compressor discharge case.
These cases provide the primary support for the bearings, rotor,

and gas path hardware.

The exterior of all casings should be visually inspected for
cracking, loose hardware, and casing slippage at each combustion,
hot gas path, and major outage. The interior of all casings

should be inspected whenever possible. The tevel of the outage
determinés which casing interiors are accessible for visual
inspectioﬁ. Borescobe inspections are recommended for the

inlet cases, compressor cases, and compressor discharge cases
during gas path borescope inspections. All interior case surfaces
should be inspected visually, digitally, or by borescope during a

major outage.

Key inspection areas for casings are listed below.

» Bolt holes

« Shroud pin and borescope holes in the turbine shell (case)
+ Compressor stator hooks

Turbine shell shroud hooks

Compressor discharge case struts

Inner barrel and inner barrel bolts

inlet case bearing surfaces and hooks

Inlet case and exhaust frame gibs and trunions

Extraction manifolds {for foreign objects)

17



Annexure- 4

Variation of NOx emission at different loadings of gas turbine for 9FA machine as
furnished by M/s RGPPL:

Load (MW) O, (%) NOx (ppm) Corrected NOx Mode of
(ppm) Combustion
60 15.5 59 64.5 Diffusion
80 14.8 111 107.4 Piloted PM
90 14.7 126 119.9 Piloted PM
100 14.6 147 1347.7 Piloted PM
100 14.7 150 142.7 Piloted PM
120 14.4 178 161.6 Piloted PM
130 14.3 16 14.3 PMSS
140 14.2 24 21.1 PMSS
141 14.2 22 19.1 PMSS
149 14.2 20 17.6 PMSS
160 14.2 19 16.7 PMSS
180 14.1 22 19.1 PMSS
200 14.0 38 32.5 PMSS
200 13.9 26 21.9 PMSS
200 13.9 27 22.8 PMSS
215 13.8 28 23.3 PMSS

Piloted PM — Piloted Premix mode; PMSS — Premix Steady State mode




Annexure-5

Components of GT & ST outputs at part loading for a module as per data furnished
by M/s RGPPL

GTs load STG load CCGT load % loading of
(MW) (MW) CCGT w.r.t. its
GT-1 load GT-2load | Average load of | Average loading full Toad
(MW) (MW) GT-1/GT-2 | of GTs w.r.t. full
(MW) load of GTs (%)
211.05 210.64 210.85 100.00 239.82 661.51 100.00
205.81 207.60 206.71 98.04 246.93 660.34 99.82
200.53 210.13 205.33 97.38 241.44 652.1 98.58
209.55 199.38 204.47 96.97 240.55 649.48 98.18
203.82 199.70 201.76 95.69 243.59 647.11 97.82
204.36 200.44 202.40 95.99 242.18 646.98 97.80
200.04 200.31 200.18 94.94 236.82 637.17 96.32
185.19 145.12 165.16 78.33 214.59 544.9 82.37
163.69 154.58 159.14 75.47 210.52 528.79 79.94
159.84 160.76 160.30 76.03 205.95 526.55 79.60
154.00 155.86 154.93 73.48 209.69 519.55 78.54
153.26 155.83 154.55 73.30 208.47 517.56 78.24
159.58 150.00 154.79 73.41 207.77 517.35 78.21
153.74 154.18 153.96 73.02 204.97 512.89 77.53
154.45 150.15 152.30 72.23 205.62 510.22 77.13
150.70 149.94 150.32 71.29 208.92 509.56 77.03
150.85 148.50 149.68 70.99 205.62 504.97 76.34
144.88 144.88 144.88 68.71 206.38 496.14 75.00
144.79 145.15 144.97 68.76 203.42 493.36 74.58
145.36 145.36 14536 68.94 202.04 492.76 74.49
140.07 139.89 139.98 66.39 207.7 487.66 73.72
139.94 144.12 142.03 67.36 203.03 487.09 73.63
139.95 144.09 142.02 67.36 202.17 486.21 73.50
140.26 139.65 139.96 66.38 204,28 484.19 73.19
129.87 121.82 125.85 59.69 193.74 445.43 67.34
128.86 119.64 12425 58.93 193.76 442.26 66.86
120.69 120.00 120,35 57.08 197.52 438.21 66.24
120.22 119.02 119.62 56.73 192 54 431.78 65.27
120.72 118.99 119.86 56.85 191.93 431.64 65.25
119.73 119.81 119.77 56.80 191.90 431.44 6522







Annexure- 6
Components of GT & ST outputs at part loading for a CCGT module as per generic data furnished by
M/s GE
% CCGT load Load contribution Average Average GT loading
GT-1 load GT-2 load SGT load contribution of | as % of its full load
contriburion (%)  |contriburion (%) |contriburion (%) GT-1/ GT-2 (%) capacity
100 32 32 36 V) 100
95 30.8 30.8 38.4 30.80 91.44
90 30.5 30.5 39.10 30.50 85.78
85 30 30 40.00 30.00 79.69
80 295 29.5 41.10 29.50 73.75
75 28.9 28.90 42.30 28.90 67.73
70 28.3 28.3 43.80 28.30 61.91
65 27.6 27.6 44.80 27.60 56.06
60 26.4 26.4 47.20 26.40 49.50
55 25.4 25.5 49.30 25.45 43.74
50 24.3 24.3 51.50 24.30 37.97




Results of site demonstration test on CCGT Block- 3

Annexure- 7

Rated GT load (MW) 213 Rated CCGT load (MW) 663.54
GT3A GT3B Avera
Date/ T Mode | NOx | MW |TTIRFI]  Mode Nox | ge G| STG | CCGT
e Cc) (ppm) Cc) opm) | Joad | MW (MW)
20.5.19
16:04:36] 199.1 1300|Premix 200.1| 1303|Premix 199.6] 229.8] 629.56
16:17:18] 207.2 1320(Premix 207.11 1320|Premix 207.2| 233.5| 647.8
16:29:32 169 1283 (Premix 1.96] 169.8] 1287|Premix 10.39] 169.4| 215.6| 554.36
16:43:26 169.8 1284 |Premix 6.111 170.4| 1287|Premix 9:.45( 170.1 209.6| 549.76
17:00:46] 208.1 1320|Premix -0.47| 207.2| 1320|Premix 16.67| 207.7| 232.9| 648.19
17:12:55] 207.2 1320|Premix 198.6] 1302|Premix 202.9( 233.7| 639.47
21.5.19
11:18:39] 184.6 1293 |Premix 183.8 1296|Premix 184.2| 220.3| 588.69
11:25:20] 169.3 1283 |Premix 5.57| 168.6] 1287|Premix 11.41] 169.0| 215.3| 553.23
11:30:33] 158.4 1275|Premix 4.13| 158.7] 1280|Premix 9.62| 158.6| 209.5| 526.53
11:34:59( 148.1 1268 |Premix 5.01| 148.4| 1273|Premix 9.75| 148.3] 204.6| 501.08
11:39:09] 134.1 1255|Premix 2.55( 135.1] 1263|Premix 9.05| 134.6] 199.8| 469.02
11:41:41 118.1 1236|Premix 118] 1242|Premix 118.1] 196.7( 432.92
11:43:08] 120.5 1238|Premix -0.16] 118.4| 1243|Premix 6.07| 119.5| 194.8| 433.7
11:45:37( 108.5 1218 |Piloted Premix | 74.32| 117.6| 1243|Premix 6.04| 113.1( 190.9| 417.02
11:46:31| 116.1 1235|Piloted Premix | 81.61 119] 1242|Premix 6.02| 117.6] 190.0| 425.06
11:48:27 99.6 1214 |Piloted Premix | 103.6| 118.2| 1244|Premix 5.89( 108.9| 186.6] 404.39
11:49:16 98.8 1213(Piloted Premix | 113.3 118] 1243 |Premix 5.84] 108.4| 185.9]| 402.65
11:51:56 98.5 1213 |Piloted Premix | 86.78] 110.2| 1230|Piloted Premix 85.46| 104.4| 181.6] 390.3
11:54:42 97.9 1213 |Piloted Premix | 88.32| 110.7| 1237|Piloted Premix 123.6] 104.3] 177.7| 386.38
11:56:53 98.7 1213 [Piloted Premix | 88.13 99.2] 1222|Piloted Premix 12531 99.0( 173.1] 371.05
11:59:12 98.5 1212]|Piloted Premix | 88.29( 98.3| 1219|Piloted Premix 101.6] 984 168| 364.71
11:59:38 98.9 1214 |Piloted Premix | 88.54| 98.7| 1220|piloted Premix 1103] 98.8] 167.3]| 364.89
12:03:58 79.2 1188|Piloted Premix | 88.01 80.4 1198(Piloted Premix 106 79.8] 167.9| 327.54
12:07:41 80.3 1185|Piloted Premix | 61.24|  79.8] 1192|Piloted Premix 81.96| 80.1| 167.2] 327.26
12:09:12 80.4 1186|Piloted Premix | 61.51 80.1 1193|Piloted Premix 76.25| 80.3| 165.2] 325.73
12:26:22| 205.9 1320|Premix 10.95| 205.7( 1320|Premix 21.42] 205.8] 215.7| 627.4
12:29:51| 205.56 1319|Premix 13.04| 205.1 1320|Premix 19.82| 205.3| 226.2| 636.92

NOx emission values are as per screen shots taken from another OWS at slightly different time than that
indicated above,
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Annexure- 9

Extract of DAS data pertaining to initiation and completion of changeover from Premix mode to Piloted

Premix mode for gas turbine GT3A

Date of demonstration test: 21.5.2019
Time duration of data indicated: 11:45:00 Hrs to 11:45:30 Hrs.
Original DAS data interval: 40 milli second

Changeover is initiated

Changeover Completed

Time DWATT DF DLN TTRF1 TTXM FQG
(MW) MODE  (degF)
44:59.5 115.004 49,974 3 2251.259 1200.755 20.2897
45:00.5 114.782 49.975 3 2251.023 1200.471 20.1101
45:01.5 114.461 49,974 3 2251.296 | 1200.312 20.0005
45:02.5 114.781 49,974 3 2252.677 1200.276 19.7160
45:03.5 114.954 49,974 3 2250.262 1200.160 20.0976
45:04.5 114.903 49.975 3 2252.674 | 1200.190 20.0055
45:05.5 114.995 49.974 3 2251.151 1200.111 19.4058
45:06.5 114.507 49.975 3 2251.634 | 1200.269 20.3247
45:07.5 114.779 49,974 3 2251.691 1200.214 20.4094
45:08.5 113.818 49,975 3 2249.979 | 1199.236 21.8393
45:09.5 114.138 49976 3 2246.795 1197.622 22.0884
45:09.8 114.804 49.976 3 2247.734 1197.360 21.8496
45:09.9 114.902 49.977 3 2247.159 1197.406 21.9_586
45099 | 115026 | 49977 | 3 | 2246.799 | 1197.351 | 218826
45:10.5 117.616 49.976 3 2250.031 | 1198.283 21.6659
45:11.5 123.609 49.979 3 2266.260 | 1204.151 21.9624
45:12.5 124.768 49.977 3 2294.355 | 1213.604 21.7789
45:13.5 127.432 49.978 3 2309.970 | 1215.547 21.8808
45:14.5 128.368 49,978 3 2305.823 | 1212.328 | 21.8829
45:15.5 128.196 49.978 3 2295.120 | 1210.518 21.1673
45:16.5 125.656 49,978 3 2291.712 | 1212.474 21.4219
. 4517.0 | 125656 | 49.976 | 2 | 2292224 | 1213.779.] 21.4952"
45:17.1 125.508 49.976 2 2292.633 1213.829 21.9776
45:17.1 125.261 49,976 2 2291.791 1213.886 21.1937
45:17.5 125.286 49,982 2 2293.343 1214.843 21.5529
45:18.5 127.579 49.977 2 2302.427 1220.130 21.5867
45:19.5 126.396 49,978 2 2308.498 1223.463 21.3561
45:20.5 125.576 49,980 2 2305.372 1222.531 21.3956
45:21.5 123.461 49.977 2 2297.604 | 1220.937 21.0644
45:22.5 119.048 49.975 2 2287.768 1220.439 20.3355
45:23.5 115.192 49,976 2 2275.083 1218.597 20.1381
45:24.5 110.540 49.976 2 2262.840 1216.414 19.8246
45:25.5 106.779 49.979 2 2253.060 1214.204 19.3764
45:26.5 102.033 49,976 2 2241.755 1211.978 19.0413
45:27.5 99.419 49,978 2 2230.636 1206.911 18.7003
45:28.5 100.257 49,981 2 2218.270 | 1201.907 18.8738
45:29.5 99,986 49,981 2 2219.177 1201.740 18.3973

TTRF1: Combustion reference temperature (deg F)

DWATT: GT load (MW)
DLN Mode 3: Premix

furnished by RGPPL.

DLN Mode 2: Piloted Premix
Note: The indicated reference time for initiation & completion of changeover is as per information/ data



GT MW
184.2
169.0
158.6
157.7
148.3
141.6
135.5
134.6
134.6
118.1
119.5

MW load for 20 deg F=

CCGT MW
588.7
553.2
526.5
524.5
501.1
487.0
473.3
469.1
469.0
432.9
433.7

Time GT3A GT3B Avg. GT [ Ave STG | ccoT
(Hrs)) MWI|TTRFI (°C) MW/|TTRF1 ("C) load TTRF1 (MW) MW)
11:18:39 184.6 1293 183.8 1296 184.2] 12945 220.3| 588.69
11:25:20 169.3 1283 168.6 1287 169.0] 1285.0 215.3| 553.23
11:30:33 158.4 1275 158.7 1280 158.6] 12775 209.5| 526.53
11:31:36 158.6 1276 156.8 1280 157.7]  1278.0 209.1] 524.54
11:34:59 148.1 1268 148.4 1273 1483 12705 204.6] 501.08
11:35:50 142.3 1267 140.9 1270 141.6]  1268.5 203.8| 486.96
11:37:10 134.4 1257 136.5 1264 1355  1260.5 202.4] 473.29
11:38:48 134 1256 135.1 1263 134.6] 12595 200] 469.08
11:39:09 134.1 1255 135.1 1263 134.6]  1259.0 199.8] 469.02
11:41:41 118.1 1236 118 1242 118.1]  1239.0 196.7] 432.92
11:43:08 120.5 1238 118.5 1243 119.5 12405 194.8] 433.7

TTRF1

1294.5 Variation of TTRF1 with GT load

1285.0 1300

1277.5 1280 itz ®
1278.0 1280 e

1270.5 O 1270 o

1268.5 — 1260 e o

1260.5 o 1250

1259.5 = 1200 i

1230
1259.0 100 110 120 130 140 150 160 170 180 190
12232 GT Load (MW)
Slope near 120- 130 MW load= 1.04 deg C/MW = 1.9 deg F/MW
10.65 MW

TTRF1 Variation of TTRF1 with CCGT load

1294.5 1300

1285.0 p— &
12780 g w0

: = 1270 @

1270.5 & 1260 @t 4

1268.5 E 1250 |

1260.5 1240 ¥

1259.5 1230 '

1259.0 400 450 500 550 600
1239.0 CCGT Load (MW)

1240.5

Slope near 430- 470 MW load= 0.505 deg C/MW = 0.9 deg F/MW

MW load for 20 deg F=

Date of site demonstration test: 21.5.2019

Annexure- 10
Variation of combustion reference temperature (TTRF1) with GT load & CCGT load for Block- 3

21.99 MwW



Generation details for time blocks with —ve RRAS in July & August 2018

Annexure- 11

SI. No. |Date Block DCRLNG | Railway | RRAS SG | Total SG AG AG-SG Remark
SG
1 1.7.2018 52 540.00 473.40 -95.00 378.40 | 422.03 | 43.64
2 1.7.2018 53 540.00 473.60 -95.00 378.60 | 410.62 | 32.02
3 1.7.2018 54 540.00 473.48 -95.00 378.48 | 410.55 | 32.07
4 4.7.2018 18 540.00 486.66 -108.00 | 378.66 | 411.11 | 32.45
5 4.7.2018 19 540.00 484.02 -106.00 | 378.02 | 409.37 | 31.36
6 4.7.2018 20 540.00 485.45 -107.00 | 378.45 | 415.76 | 37.31
7 4.7.2018 21 540.00 485.32 -107.00 | 378.32 | 418.84 | 40.52
8 4.7.2018 22 540.00 480.60 -102.00 | 378.60 | 422,52 | 43.92
9 4.7.2018 23 540.00 483.27 -105.00 | 378.27 | 42398 | 45.71
10 [4.7.2018 24 540.00 494.47 -116.00 | 378.47 | 423.41 | 4494
11 |4.7.2018 25 540.00 497.83 -119.00 | 378.83 | 424.06 | 45.23
12 |4.7.2018 26 540.00 498.19 -120.00 | 378.19 | 424.50 | 46.31
13  |4.7.2018 27 540.00 498.72 -120.00 | 378.72 | 425.16 | 46.44
14 14.7.2018 28 540.00 501.77 -123.00 | 378.77 | 425.07 | 46.30
15 |4.7.2018 29 540.00 509.53 -131.00 | 378.53 | 424.56 | 46.03
16 |4.7.2018 30 540.00 511.18 -133.00 | 378.18 | 425.00 | 46.83
17 |4.7.2018 31 540.00 513.59 -135.00 | 378.59 | 424.87 | 46.28
18 [4.7.2018 32 540.00 514.12 -136.00 | 378.12 | 424.84 | 46.72
19 14.7.2018 37 540.00 513.09 -135.00 | 378.09 | 427.78 | 49.69
20 ]4.7.2018 38 540.00 512.05 -134.00 | 378.05 | 423.98 | 45.92
21  |14.7.2018 53 540.00 489.37 -111.00 | 378.37 | 418.69 | 40.32
22 |21.7.2018 55 540.00 496.58 -123.00 | 373.58 | 413.44 | 39.87 | Single Block
23 |21.7.2018 56 540.00 501.17 -127.00 | 374.17 | 412.82 | 38.65 | Operation
24 121.7.2018 57 540.00 499.68 -128.00 | 371.68 | 412.39 | 40.71
25 122.7.2018 40 540.00 504.41 -126.00 | 378.41 | 422.11 | 43.70
26 |22.7.2018 41 540.00 502.20 -124.00 | 378.20 | 415.61 | 37.41
27 [22.7.2018 42 540.00 498.48 -120.00 | 378.48 | 41393 | 35.45
28 [22.7.2018 43 540.00 502.12 -124.00 | 378.12 | 413.85 | 35.73
29 |22.7.2018 44 540.00 500.00 -122.00 | 378.00 | 413.50 | 35.50
30 22.7.2018 45 540.00 500.04 -122.00 | 378.04 | 413.70 | 35.66
31 |22.7.2018 46 540.00 497.82 -119.00 | 378.82 | 413.70 | 34.88
32 122.7.2018 47 540.00 494.26 -116.00 | 378.26 | 413.26 | 35.00
33 |22.7.2018 48 540.00 490.37 -112.00 | 378.37 | 412.76 | 34.38
34 122.7.2018 49 540.00 487.92 -109.00 | 378.92 | 413.14 | 34.22
35 122.7.2018 50 540.00 489.63 -111.00 | 378.63 | 413.36 | 34.73
36 |22.7.2018 51 540.00 489.63 -111.00 | 378.63 | 413.74 | 35.11
37 |22.7.2018 52 540.00 489.63 -111.00 | 378.63 | 413.38 | 34.75
38 |22.7.2018 53 540.00 489.77 -111.00 | 378.77 | 413.55 | 34.78
39 |22.7.2018 54 540.00 489.77 -111.00 | 378.77 | 413.76 | 34.99
40 |22.7.2018 55 540.00 491.84 -113.00 | 378.84 | 413.93 | 35.09
41 |22.7.2018 56 540.00 492.87 -114.00 | 378.87 | 413.31 | 34.44
42 |22.7.2018 58 540.00 490.61 -112.00 | 378.61 | 416.02 | 37.41
43  [22.7.2018 59 540.00 489.58 -111.00 | 378.58 | 413.62 | 35.04
44 122.7.2018 60 540.00 491.64 -113.00 | 378.64 | 414.40 | 35.76
45 122.7.2018 61 540.00 491.64 -113.00 | 378.64 | 414.77 | 36.13
46 |22.7.2018 62 540.00 491.64 -113.00 | 378.64 | 41534 | 36.69
47 |22.7.2018 65 540.00 489.44 -111.00 | 378.44 | 422.17 | 43.74
48 |22.7.2018 66 540.00 489.44 -111.00 | 378.44 | 41291 | 34.47




49  [22.7.2018 67 540.00 489.44 -111.00 | 378.44 | 412.97 | 34.54
50 |22.7.2018 68 540.00 489.44 -111.00 | 378.44 | 412.51 | 34.07
51 [22.7.2018 69 540.00 489.44 -111.00 | 378.44 | 412.10 | 33.66
52 |22.7.2018 70 540.00 489.44 ~-111.00 | 378.44 | 412.04 | 33.61
53 |22.7.2018 71 540.00 489.44 -111.00 | 378.44 | 412.78 | 34.34
54 [22.7.2018 72 540.00 491.21 -113.00 | 378.21 | 411.66 | 33.45
55 [22.7.2018 73 540.00 493.92 -115.00 | 378.92 | 415.75 | 36.83
56 [26.7.2018 16 540.00 505.60 -127.00 | 378.60 | 413.22 | 34.61
57 |26.7.2018 17 540.00 507.51 -129.00 | 378.51 | 410.95 | 32.44
58 ]26.7.2018 18 540.00 507.41 -129.00 | 378.41 | 410.06 | 31.65
59 |[26.7.2018 19 540.00 502.74 -124.00 | 378.74 | 410.88 | 32.14
60 |26.7.2018 20 540.00 505.22 -127.00 | 378.22 | 410.29 | 32.06
61 [26.7.2018 21 540.00 507.33 -129.00 | 378.33 | 409.47 | 31.14
62 |26.7.2018 22 540.00 505.78 -127.00 | 378.78 | 416.43 | 37.64
63 |26.7.2018 36 540.00 526.01 -148.00 | 378.01 | 416.68 | 38.67
64 [26.7.2018 37 540.00 526.49 -148.00 | 378.49 | 409.68 | 31.18
65 |26.7.2018 38 540.00 524.93 -146.00 | 378.93 | 409.73 | 30.79
66 |[26.7.2018 39 540.00 522.52 -144.00 | 378.52 | 409.72 | 31.20
67 [26.7.2018 40 540.00 518.97 -140.00 | 378.97 | 408.99 | 30.01
68 ]26.7.2018 41 540.00 517.31 -139.00 | 378.31 | 410.58 | 32.27
69 [26.7.2018 42 540.00 516.58 -138.00 | 378.58 | 409.70 | 31.12
70 [26.7.2018 43 540.00 518.00 -140.00 | 378.00 | 408.96 | 30.96
71 |26.7.2018 44 540.00 515.73 -137.00 | 378.73 | 409.66 | 30.93
72 |26.7.2018 45 540.00 515.19 -137.00 | 378.19 | 409.47 | 31.28
73 126.7.2018 46 540.00 514.12 -136.00 | 378.12 | 409.27 | 31.16
74 126.7.2018 47 540.00 508.11 -130.00 | 378.11 | 410.02 | 31.91
75 126.7.2018 48 540.00 502.56 -124.00 | 378.56 | 410.89 | 32.33
76 |26.7.2018 49 540.00 503.47 -125.00 | 378.47 | 411.64 | 33.17
77 126.7.2018 50 540.00 497.86 -119.00 | 378.86 | 411.51 | 32.65
78 126.7.2018 51 540.00 498.49 -120.00 | 378.49 | 41135 | 32.86
79 |26.7.2018 52 540.00 499.11 -121.00 | 378.11 | 410.68 | 32.58
80 |26.7.2018 53 540.00 500.33 -122.00 | 378.33 | 410.63 | 32.30
81 |26.7.2018 54 540.00 497.64 -119.00 | 378.64 | 411.54 | 32.90
82 [26.7.2018 55 540.00 498.97 -120.00 | 378.97 | 410.64 | 31.67
83 26.7.2018 56 540.00 498.58 -120.00 | 378.58 | 415.10 | 36.52
84 |27.7.2018 17 540.00 507.64 -129.00 | 378.64 | 421.36 | 42.72
85 127.7.2018 18 540.00 508.15 -130.00 | 378.15 | 410.23 | 32.08
86 |27.7.2018 19 540.00 504.91 -126.00 | 378.91 | 410.88 | 31.97
87 |27.7.2018 20 540.00 506.97 -128.00 | 378.97 | 411.80 | 32.82 | Single Block
88 |27.7.2018 21 540.00 507.93 -129.00 | 378.93 | 410.81 | 31.88 | Operation
89 127.7.2018 22 540.00 506.97 -128.00 | 378.97 | 410.71 | 31.74
90 |27.7.2018 23 540.00 509.04 -131.00 | 378.04 | 411.13 | 33.09
91 |27.7.2018 24 540.00 514.34 -136.00 | 378.34 | 413.04 | 34.70
92 [29.7.2018 44 540.00 503.26 -125.00 | 378.26 | 414.06 | 35.80
93 129.7.2018 45 540.00 503.31 -125.00 | 378.31 | 413.74 | 35.43
94 129.7.2018 46 540.00 500.24 -122.00 | 378.24 | 413.43 35.19
95 |29.7.2018 47 540.00 497.75 -119.00 | 378.75 | 413.49 34.74
96 |29.7.2018 48 540.00 493.85 -115.00 | 378.85 | 413.23 34.38
97 |29.7.2018 49 540.00 491.39 -113.00 | 378.39 | 413.11 34.71
98 129.7.2018 50 540.00 489.54 -111.00 | 378.54 | 414.10 | 35.57
99 29.7.2018 51 540.00 489.54 -111.00 | 378.54 | 413.79 35.25 single Block
100 (29.7.2018 52 540.00 489.54 -111.00 | 378.54 | 413.06 | 34.52 Operation
101 [29.7.2018 53 540.00 489.68 -111.00 | 378.68 | 413.69 35.01




102 |29.7.2018 54 540.00 489.68 -111.00 | 378.68 | 413.07 34.39
103 [29.7.2018 55 540.00 491.74 -113.00 378.74 | 413.52 34,78
104 |29.7.2018 56 540.00 492.78 -114.00 378.78 | 421.69 42,92
105 |29.7.2018 61 540.00 494.84 -116.00 378.84 | 418.40 39.55
106 |29.7.2018 62 540.00 494.84 -116.00 378.84 | 412.52 33.68
107 129.7.2018 63 540.00 494.84 -116.00 | 378.84 | 413.19 34.35
108 29.7.2018 64 540.00 492.64 -114.00 | 378.64 | 412.50 33.86
109 |5.8.2018 54 540.00 486.29 -108.00 | 378.29 | 409.64 31.35
110 |5.8.2018 55 540.00 486.06 -108.00 | 378.06 | 409.96 31.90
111 |5.8.2018 56 540.00 485.77 -107.00 | 378.77 | 410.06 31.29
112 |5.8.2018 57 540.00 485.51 -107.00 | 378.51 | 410.35 31.84
113 ]5.8.2018 58 540.00 486.62 -108.00 | 378.62 | 409.63 31.01
114 ]12.8.2018 32 540.00 506.27 -128.00 | 378.27 | 426.76 48.50
115 [12.8.2018 33 540.00 506.27 -128.00 | 378.27 | 409.60 31.33
116 (13.8.2018 56 540.00 540.00 -162.00 | 378.00 | 427.34 49.34 Single Block
117 (13.8.2018 57 540.00 540.00 -162.00 | 378.00 | 408.73 30.73 @pexation
118 (13.8.2018 58 540.00 540.00 -162.00 | 378.00 | 408.73 30.73
119 |15.8.2018 42 540.00 540.00 -162.00 | 378.00 | 419.13 41.13
120 (15.8.2018 43 540.00 540.00 -162.00 | 378.00 | 411.14 33.14
121 |15.8.2018 49 540.00 540.00 -162.00 | 378.00 | 413.65 35.65
122 ]15.8.2018 50 540.00 540.00 -162.00 | 378.00 | 409.97 31.97
123 |[15.8.2018 51 540.00 540.00 -162.00 | 378.00 | 410.60 32.60
124 |15.8.2018 52 540.00 540.00 -162.00 | 378.00 | 410.89 32.89
125 (15.8.2018 53 540.00 540.00 -162.00 | 378.00 | 410.30 32.30
126 |[15.8.2018 54 540.00 540.00 -162.00 | 378.00 | 409.94 31.94
127 [15.8.2018 55 540.00 540.00 -162.00 | 378.00 | 410.18 32.18
128 (15.8.2018 56 540.00 540.00 -162.00 | 378.00 | 409.55 31.55
129 |[15.8.2018 57 540.00 540.00 -162.00 | 378.00 | 409.97 31.97
130 |15.8.2018 59 540.00 540.00 -162.00 | 378.00 | 415.69 37.69
131 |15.8.2018 60 540.00 540.00 -162.00 | 378.00 | 407.14 29.14
132 |15.8.2018 62 540.00 540.00 -162.00 | 378.00 | 418.84 40.84
133 |15.8.2018 63 540.00 540.00 -162.00 | 378.00 | 406.20 28.20
134 |15.8.2018 64 540.00 540.00 -162.00 | 378.00 | 407.91 29.91
135 |15.8.2018 65 540.00 540.00 -162.00 | 378.00 | 410.03 32.03
136 |15.8.2018 66 540.00 540.00 -162.00 | 378.00 | 409.60 31.60
137 |15.8.2018 67 540.00 540.00 -162.00 | 378.00 | 408.95 30.95
138 |15.8.2018 68 540.00 540.00 -162.00 | 378.00 | 407.13 29.13
139 [15.8.2018 69 540.00 540.00 -162.00 | 378.00 | 408.07 30.07
140 |15.8.2018 70 540.00 540.00 -162.00 | 378.00 | 407.86 29.86
141 |15.8.2018 71 540.00 540.00 -162.00 | 378.00 | 408.30 30.30
142 |15.8.2018 72 540.00 540.00 -162.00 | 378.00 | 407.88 29.88
143 ]19.8.2018 58 540.00 489.36 -111.00 | 378.36 | 414.40 36.04
144 (19.8.2018 59 540.00 488.32 -111.00 | 377.32 | 406.62 29.29
145 ]19.8.2018 60 540.00 490.39 -111.00 | 379.39 | 407.35 27.96
146 |20.8.2018 13 540.00 494.89 -116.00 | 378.89 | 410.37 31.48
147 120.8.2018 17 540.00 481.30 -103.00 | 378.30 | 412.50 34.21
Average 378.30. | 413.57 | 35.27
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