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Directorate of Purchase

I (4l ﬁq‘m‘ W m@ BPDB, WAPDA Building, Dhaka,
Bangladesh Power Development Board Tel: 02223383081
www.bpdb.gov.bd
Addendum No.1
Memo No. 27.1 1..0000.304.24.418.23@_79 2 dated: 21/12/2023

Subject: Clarification of Tender Document for Procurement of Major Overhauling Works with
Supply of Necessary Spares of Steam Turbine and its Auxiliaries of Bhola 225 MW

CCPP. BPDB. Borhanuddin, Bhola on Turnkey Basis.

Ref: Tender Reference No.27.11.0000.304.24 418.23; dated: 08/11/2023

With reference to the above, enclosed please find herewith Clarification containing
03 (Three) pages of the above-mentioned Tender Document for necessary action from

your end.

All other clauses & terms of the Tender Document shall remain unchanged
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(Md.'ﬁu Saved)
& 1.D. No. 1-014%
Director

Directorate of Purchase,
BPDB. Dhaka

Memo No.27.11.0000.304.24.418.23 dated: 21/12/2023
Copy to (Not according to Seniority):-

Member, Finance / Generation, BPDB, Dhaka.

2. Chief Engineer, Bhola 225 MW CCPP, BPDB, Borhanuddin, Bhola.

3. CSO to Chairman, BPDB, Dhaka.
4
<
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Director, Design & Inspection-1, BPDB, Dhaka.
Manager (Maintenance), Bhola 225 MW CCPP, BPDB. Borhanuddin. Bhola.

/ Senior System Analyst, Dhaka Computer Center. BPDB, Dhaka.
7. Assistant Director (Accounts), Directorate of Purchase, BPDB, Dhaka.
8 - -
g

M/S---- -
Office Copy.

(Md. Shamsul Huda Basher)
I.D. No. 5-0021
Dy. Director
Directorate of Purchase
BPDB, Dhaka.
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PERFORMANCE TEST REPORT

—

Results 100% Base Load test on Natural Gas for CCPP Power

100%Base load of test
Measurements September 22, 2015 unit
kW

‘c/c net power output ,corru:lul

BUET. c«maumumnmﬂmmm
been performed in accordance with the agreed above mentioned test procedure.

100%Base load of test
Measurements September 22, 2015 unit 10:00-11:00
c/c net power output ,corrected kw 195853.09791
¢/c net heat rate, corrected kJ/KWh 7236.068662
c/c net heat rate, guaranteed kJ/kWh 7245 '

Note 1: Correction calculations for c/c net Heat Rate as per test procedure.
For detailed calculation, please refer to appendix 1 1

I

Results 100% Base Load test on Natural Gas for CCPP operating data

NO. Measurements : Data unit LOCATION Source
1 Barometric Pressure 100.70 kPa Inlet of Air Compressor M
Air Temperature inlet a .
2 Compressor 3132 c Inlet of Air Compressor D
3 Humidity 87.64 % Inlet of Air Compressor M
Net Power Output of #1GT | 66400.35 kW D
HV side of Main
4 | Net Power Output of #2 GT | 64203.02 kW J s M D
Net Power Output of ST 68944 .64 kW D
5 #1 GTG Power Factor 0.9971 HV side of Main D
DOCUMENT NO.: Bhola-TS-026 5
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PERFORMANCE TEST REPORT

)
#2 GTG Power Factor 0.9981 sl oxrgr
STG Power Factor 0.9820
; GT 1 Natural Gas Flow 4.0948 kals Mass Flow meter of .
GT 2 Natural Gas Flow 4.1240 ka/s | GT
7 | Natural Gas temperature 27.34 i Fuel Supply Pipe inlet M
. Natural Gas Analysis
8 | Lower Heating Value 48336.61495 | KJ/Kg Report from BUEP
9 CW Temperature 35.35 L CW Inlet Pipe D
10 #1GT fired hours 2264.38 h M
Mark Vie
11 #2GT fired hours 2499.1 h M
12 NOx of GT1 8.32 ppm D
HRSG Stack
13 NOx of GT2 3.83 ppm D
14 | DM Water Tank Level Drop 0.15 m DCS M
Results 75%Base Load test on Natural Gas for CCPP Heat rate
Measurements September 22, 2015 unit ' 12:00-13:00
c/c net power output ,corrected W I 162880 1E2SC
¢/c net heat rate, corrected KJAWWH 7522 TSAZ38
c/c net heat rate, guaranteed kJ/KWh g130
For detailed calculation, please refer to appendix 1
Results 75%Base Load test on Natural Gas for CCPP operating data
’_NO_. Measurements Date unit Location ' So:rc
: Inlet of Air
1 Barometric Pressure 100.56 kPa Compressor M
Air Temperature inlet - Inlet of Air
2 Compressor 4.0 B Compressor .
. Inlet of Air
3 Humidity 80.60 % Compressor M
Net Power Output of #1GT 50694.29 kW D
HV side of Main
4 Net Power Output of #2 GT | 48331.33516 kKW Tranatariar D
Net Power Output of ST 60593.97 kW D
#1 GTG Power Factor 0.9956 HV side of Main
5 D
#2 GTG Power Factor 0.9971 Transtarner

DOCUMENT NO.: Bhola-TS-026
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PERFORMANCE TEST REPORT

STG Power Factor 0.9862
GT 1 Natural Gas Flow 3.4690 kals Mass Flow
6 D
GT 2 Natural Gas Flow 3.4701 kg/s | Meterof GT
7 Natural Gas Temperature 29.2000 T Fus Sil:igtly Fipo M
8 | Lower Heating Value 48268.58832 | kJ/kg | , N"’l “‘i'a’RGas :
10 |  #GTfredhows | 22666 | |
| n ; C
a’* . - m""" -"— PR T ey = -
¢/c net power output ,corrected KW 110894.9482
corrected net heat rate kJ/kWh 8479.262175
¢/c net heat rate, guaranteed kJ/KWh 10002
For detailed calculation, please refer to appendix 1
Results 50%Base Load test on Natural Gas for CCPP operating data
NO. Measurements ata unit Location Source
1 Barometric Pressure 10050 | kPa | JntofAT |y
Air Temperature inlst Inlet of Air
2 - : 31.02 T . D
Inlet of Air
, 3 Hunuily B4.35 % Compressor M
Net Power Output of#‘IGT 31133.08 KW D
HV side of
4 Net Power Output of #2 GT | 30566.81491 kW Main D
Transformer
Net Power Output of ST 51771.76 kW D
#1 GTG Power Factor 0.9999
HV side of
5 #2 GTG Power Factor 1.000 Main D
Transformer
STG Power Factor 0.9895

DOCUMENT NO.: Bhola-TS-026
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PERFORMANCE TEST REPORT

; GT 1 Natural Gas Flow 2.7280 ka/s Mass Flow 8
GT 2 Natural Gas Flow 2.7345 kgls | Meterof GT
Fuel Supply
7 Natural Gas Temperature 24.6300 C Pipe inlet M
) Natural Gas
8 Lower Heating Value 48230.60238 | kd/kg Analysis
Report
9 CW Temperature 34.42 L& CW Inlet Pipe D
10 #1GT fired hours 2268.1 h M
11 #2GT fired hours 2502.9 h Mark Vie M
12 IGV 50.80 i D
13 ° | DM Water Tank Level Drop 0.11 m DCS M

2 Preparations

In order to gain accurate results, calibrated equipment was installed. Plant

instrumentation was recently checked. Preparation of data sampling lists for the DCS

prior to the tests. Data from the DCS was checked to be accurate prior the issis.

For Measurement Points Schematic Diagram, please refer o Appencix 2 anc

presented in table 1 below.

DOCUMENT NO.: Bhola-TS-026
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PERFORMANCE TEST REPORT

Table 1 Measurement points

Measurement points for calculation

NO. | MEASUREMENT | CLASS | INSTRUMENT | # OF LOCATION Source
Barometric ;
i D SIS P Barometer 1 Inlet of Air Compressor M
Air Temperature .
2 inlet Compr . P RTD 2x3 | Inlet of Air Compressor D
3 | Humidity Psychrometer 1 Inlet of Air Compressor M
Net Power Special -
4 |Ouiputof#1. 22| P |Precsion 1x3 ;"’Is""’ of Main
#1. 22 C6TG and Specal sice M=n
5 |sTe Power P | Precson Lﬂ h - D
r"_ — —— —
& =
Sargie (3 fmes) e 3 | Fuel Sepply Fpe
il Ol Mess Fued Supply Ppe =
7 | Naar=l Gas Fow 7 = = : =2 = *GT ‘ D
. | Natural Gas | Ornline . .
8 | Temperature | P T o 1 | Fuel Supply Pipe M
9 | CW Temperature P s 1 | CW Inlet Pipe
Thermocouple
10 | Total fired hours Online Meter 1x2 | Mark Vie
Parameters of
11 | steam and water S Online Meter 10 DCS D
system
12 | NOx P CEMS 1x2 | HRSG Stack D

3 Procedures

Prior to the start of the 100%, 75%, 50% Base Load test, the complete unit was
already stable at test conditions.

Complete cycle isolation was carried out by operators prior to the performance test.

This was done in order to minimize any unaccountable losses through vents and

drains.

3.1 Instrumentation for calculation

.3.1.1 Power and Power Factor

Net power output and power factor of two GTGs and one STG will be measured

separately by special precision energy meters calibrated at high voltage side of main

transformer ,the accuracy level of energy meters shall be < 0.2%.

3.1.2 Flow

Natural gas flow measurement will be made using GE's online mass flow meter at

DOCUMENT NO.: Bhola-TS-026
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PERFORMANCE TEST REPORT

Appendix 1. Calculation for Power and Heat Rate

100% base load calculation resulis

B

ITEMS SOURCE OR FORMULA | SYMBOL | UNITS RESULTS
Designed data
GTG & STG power :
| Ak’ design : 08
Ambient josi Tad - 35
B‘"m"“"’""’ sesizm Pad xPa 1013
Relative humidity deson - = S8 |
. Natwre loasr . |
o gesgn L ikg 48438 |
Referencs - Teef - &
c/c net power output ,measured
e measured Pn W 66400.34609
e of measured Pn2 W 64203.01790
ot et il measured Pn3 W 68944.64128
e rz";"k measured LDM m 0.15000
Quantity of BOP Power
C?)ﬁzul:;:ﬁ:n Consumption*LDM/Test PDM kW 8.12175
Time
cc:ztggrver Pn1+Pn2+Pn3- PDM Pn KW 199539.88352
c/c net heat rate, measured |
b - measured GFG1 kgls 4.0948
e o measured GFG2 kgls 41240
bt = GFG1+GFG2 GFG kgls 821881 |
"at:;eatg\f:l:f;we' Analysis LHV kJKg | 4833661495 |
! test temperature measured il F 81.2
| specific enthalpy | (-33.5813+5.5358°10 T
of the fuel at test | +9.1067*10™*T?+1.7873* Ht kJ/Kg 26.7452
temperature 10%T° )*2.2326
specific enthalpy Serr
(-33.5813+5,5358*10°*T
ofthe fuelalthe | 19 106710%T2+1.7873" | Href kiKg | -0.077690533
100 T°  )*2.2327
temperature.
- 19
DOCUMENT NO.: Bhola-TS-026




PERFORMANCE TEST REPOR?‘

sensible heat of .
gaseous fuel GFG*(Ht-Href) SH kJ/s 0.000220452
nature gas i "
input-LHV 3600%(GFG*LHV+SH) Q kd/h 1430169746
Net heat rate Q/Pn HR kJ/KWh 7167.337782
correction calculation for c/c power output and heat rate
Ambient A
temperature measured Tat C 31.32
Power corr.v/s
ambient From corr.curve @ 1/at’ at 0.966199686
temperature [
Heat rate corr.v/s ‘
ambient From corr.curve 1/f1' 1 1.013431548
temperature
Barometric
pressure measured Pat kPa 100.70
PEGSrCaIiE From corr.curve
Barometric 1 /02} a2 1.006190542
pressure
Heat rate corr.v/s
Barometric From corr.curve 1/f2' f2 0.999748529 !
pressure
Ambient relative
humidity measured Wat E7 54
Power corr.v/s From corr.curve a3
relative humidity 1/a3’
Heat rate corr.v/s From con Geee o -
. relative humidity SNER ISR s :
' NG heat value Analysis LHV
(CH4*4+C2H6"6+C3H8" |
8+C4H10*10+C5H12*12
HIC +CB6H14*14+C7H16*16)/( C
CH4*1+C2H6*2+C3H8*3 !
: +C4H10"4+C5H12*5+C6 [
H14*6+C7H1677) '
Heat rate corr.v/s From corr.curve
fuel gas heat value 145’ 0 i |
CW temperature measured Tcon T 35.35 |
| Power corr.v/s CW | From corr.curve -(Pn3 A5B KW 810.95261 '
temperature xA5B')
. GTG1 power factor measured 0.9971 l
| 6GTG2 power factor — measured 0.9981
5 GTG1 Power
" corr.vls power gl D2A1 kW -171.4548206
AP easor=-APs gor
factor
GTG2 Power
corr.v/s power Promycor.gure A2A2 kW -162.1998942
fa ctor APmeasF’F'APO.BPF

DOCUMENT NO.: Bhola-TS-026
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STG power factor measured 0.9890

- Power corr.v/s From corr.curve
power factor AP messer-APg spe
GT1 total
operating hours
GT2 total
operating hours

GT average : e
operating hours 7 (TOH1+TOH2)2 TOH hours ) 2?81 T4

A2B kW -147

TOH1 hours 2264.38

TOH2 hours 2499.1

Wn""";n 100*(Pcorr.net-Png)Png X % 0.887080325
c/c net rate ,corrected
Corrected net heat | Q*f1*f2*{3*f5*f6"/(Pn+A2
rate A1+A2A2+A2B+A5B) Hrcorr.net | kJ/kWh 7236.068662
c/c net heat rate,
‘guaranteed Hm kJ/kWh 7245
Deviation to - 5
_ guaranteed value 100*(Hcorr.net-Hm)/Hm X % -0.123275883

Note: Quantity of BOP Power Consumption , please refer to appendix 6 < Bhola 225MW
Combined Cycle Power Plant Project BOP Power Consumption Test Record>.

-

wh ér

‘ 21
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PERFORMANCE TEST REPORT

75% base load calculation results

[
' ITEMS SOURCE OR FORMULA | SYMBOL | UNITS RESULTS
| Designed data i
J = &f:;grpower design / 0.8
Ambient ; i
! temperature design Tad C 35
f B;:;’s";ffr':" design Pad kPa 101.3
" Relative humidity design v % 98
| Na‘;;ztgj:h'}‘;‘”er design LHV kJ/Kg 48438
i .
- tgrﬁ::egfa:ﬁﬁe design Tref T 60
c/c net power output ,measured
R measured Pn1 kW 50694.28856
i~ anie measured Pn2 KW 48331.33516
et powse_lr- out. of measured Pn3 kW 60593 97344
DM Water Tank :
Level Drop Imessund LDM - Games
Quantity of BOP Power B | ' -
BOP Power g 7
Consumption Coi sumption*"LDM/Test PDM ot b 4 ;
Time i
1 CCPP power P
| sutput Pn1+Pn2+Pn3-PDM | Pn KW 53608 758
\ c/c net heat rate, measured
i
| 6T nfa;;m:\:'e gas measured GFG1 ka/s 3.46%0
| R naliie gz measured GFG2 kals 3.4701
|
| Total e e GFG1+GFG2 GFG kg/s 6.939067797 |
|
Na‘ﬁgztgf:u'l‘;we’ Analysis LHV kd/kg 48268.58832 |
Test temperature measured il F 84.56 ‘
- Specific enthalpy | (-33.5813+5.5358°10"T ]
. of the fuel attest | +9.1067*10°*T?+1.7873* Ht kJ/kg 31.01393155 |
temperature 10% T )*2.2326 1
Specific enthalpy | 45 5645,5 535801007 |
of ‘“efﬂr’eeL athe | 191067105 T%+1.7873" | Href kilkg | -0.077690533
rare 10T yRioany
temperature.
Sg?;i:?jll°f GFG*(Ht-Href) SH kis | 0.000215747 J

DOCUMENT NO.: Bhola-TS-026
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PERFORMANCE TEST REPORT

Nature gas * >
input-LHV 3600*(GFG*LHV+SH) Q kJ/h 1205780425
Net heat rate Q/Pn HR kJ/kWh 7554.600159
correction calculation for c/c power output and heat rate
Ambient
temperature measured Tat T 34.9
Power corr.v/s
ambient From comr.curve @ 1/at’ at 0.999277399
temperature
. Heat rate corr.vis
ambient From comr.curve 17" f1 1.000334045
100.58
1.00768828
0.899598175
humidity measured WYat 80.6
Power corr.v/is From corr.curve
relative humidity 1/a3' e 1.001576052
Heat rate corr.vis ;
relative humidity From corr.curve 1/43 f3 1.001456468
NG heat value Analysis LHV kJ/kg 48268.58832
(CH4*4+C2H6*6+C3H8"
8+C4H10*10+C5H12*12
+C6H14*14+C7H16™16)/(
H/C CH4*1+C2HE*2+C3H8*3 H/IC 3.873089038
+C4H10*4+C5H12*5+C6
. H14*6+C7H16"7)
 Heat rate corr.vis From cormr.curve
fuel gas heat value 145 fs LERgE0N
CW temperature measured Tcon © 354
Power corr.vis CW | From comr.curve -(Pn3
temperature xA5B' ) A5B kW 727.1276813
GTG1 power factor measured 0.9956
GTG2 power factor measured 0.9971
GTG1 Power ERn ey e
corr.v/s power AP A‘P A2A1 kW -106.9025448
factor measPF™ 0.8PF
. GTG2 Power o
' corr.vls power ki A2A2 KW -99.67302196
| factor AP measpr-APo gpr
STG power factor measured 0.9862
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PERFORMANCE TEST REPORT

Power corr.v/s

From corr.curve

guaranteed value

nower factor AP, .,oe-APg eor A2B kW -113.9537358
GT1 total
operating hours TOHH1 hours 2266.6
GT2 total
operating hours TOH2 hours 2501.3
GT average
operating hours (TOH1+TOH2)/2 TOH hours 2383.95
Power corr.vis GT
average operating | From corr.curve  1+af' ab 1.008037656
hours
HR corr.v/s GT
| average operating | From corr.curve  1-f6' e 0.996986933
hours |
c/c net power output ,corrected
Corrected net (Pn+A2§1+*A2/32tAZB+A oot KW 162680.18252
power output 5B)*a1*a2*a3*ab
c/c net rate ,corrected
Corrected net heat | Q*f1*f2*f3*f5*f6"/(Pn+A2
g A1+A2A2+A2B+A5B) Hrcorr.net | kJ/KWh 7522.754238
C/c net heat rate, it kJ/KWh 8139
guaranteed
DeviRtEHTo 100*(Hcorr.net-Hm)/Hm X % 7.571516923

Note: Quantity of BOP Power Consumption . please refer io appendix 6 < Shols 225N

Combined Cycle Power Plant Project BOP Power ConsumpSon Test Recoss>.
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50% base load calculation results

ITEMS SOURCE OR FORMULA | SYMBOL UNITS RESULTS ]
Designed data
GTG & STG power . .
fantar design J 0.8
Ambient . =
temperature design Tad & 35
Barometric :
design Pad kPa 1013
pressure ]!
Relative humidity design b4 %= a8 [
Nzture gas lower . |
heat wai design LHV %o 43433 |
- .
T E i
=—pean-e iy v’ " |
cic net power output measursd
“’?1“ - | mezsured | P | ww | 3113300
e | measured Pn2 KW | 30566.81491
: .
e measured ' Pn3 KW 5177176 |
DM Water Tank
Level Drop measured LDM m 0.11000
Quantity of BOP Power
BOP Power e
Consumption Consump:rllior;\eLDM/Test PDM kW 11.91190
CCPP power
output Pn1+Pn2+Pn3- PDM Pn kW 113459.744806
c/c net heat rate, measured
S nfell't;\:‘:'e i measured GFG1 kgls 2.7280
e nf?:,tx'e ot measured GFG2 kals 2.7345
i GFG1+GFG2 GFG kals 546253793 |
|
nature gas lower ; o
ladt valic Analysis LHV kd/kg 48230.60238
Test temperature - measured 7 i i 76.334
Specific enthalpy | (-33.5813+5.5358*107"*T |
of the fuel at test | +9.1067*10°*T?+1.7873* Ht kJ/kg 20.5717611
temperature 10% T )*2.2326
Specificenthalpy | ( 33 501345 5358+10"T
ofthe fuel atthe | g 1567410347241 7873* Href kJ/kg -0.0776905
reference 105+ T? 12,2327
temperature. ]
Sensible heat of .
gaseous fuel GFG*(Ht-Href) SH kd/s 0.0001128
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Nature gas . =
input-LHV 3600*(GFG*LHV+SH) Q kJ/h 948461382.2
Net heat rate Q/Pn HR kJ/kWh 8359.452807
correction calculation for c/c power output and heat rate
Ambient »
temperature measured Tat (@) 31.02
Power corr.v/s
ambient From corr.curve @ 1/g1' al 0.96033462
temperature
Heat rate corr.v/s
ambient From corr.curve 11 1 1.01826819
temperature
Barometric
pressure measured Pat kPa 100.5
Power corr.v/s R
Barometric 1/02; & a2 1.00860138
pressure
Heat rate corr.v/s
Barometric From corr.curve 1/f2' f2 0.99940387
pressure
Ambient relative .
humidity measured Wat Yo 84.35
Power corr.v/s From corr.curve
relative humidity 1/a3" a3 0.9096214+
Heat rate corr.v/s ;
relative humidity From cormr.curve 173 3 l T O0r2eigs a
NG heat value Analysis LEs v | sosms
(CH474+C2HB"6+C3H8"
8+C4H10*10+C5H12*12
+CBH14"14+C7H16*16)/( | - 2 R
i CH4*1+C2He*2+C3Hg™3 |  /C ——
+C4H10*4+C5H12*5+C6
H14*6+C7H16*7)
Heat rate corr.v/s From corr.curve =
fuel gas heat value 1/f5' i 0.999917948
CW temperature measured Tcon Pk 34 42 J'
Power corr.v/s CW | From corr.curve -(Pn3 ASB KW 1
temperature xA5B') 368.1863582
[ ]
| GTG1 power factor measured 0.9999 l‘
i GTG2 power factor measured 1.000 ;
GTG1 Power ‘
corr.vls power VTGHI St e A2A1 KW | -53.50304479
fartor AP reaspr-0Po gpr
GTG2 Power
corr.vis power el A2A2 kW | -52.54327661
factor measPF 0.8PF
STG power factor measured 0.9895
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PERFORMANCE TEST REPORT

Power corr.v/s From corr.curve
-101.4
power factor AP easprAPg aeF A28 i ks
Stitel TOH1 hours 2268.1
operating hours
S TOH2 hours 2502.9
operating hours
GT average (TOH1+TOH2)/2 TOH hours 2385.5
operating hours
Power corr.vis GT
average operating | From comr.curve  1+06 ab 1.0080398
hours
HR corr.vi/s GT
average operating | Fromcomcurve 1-% 7] 0.99698521
hours
. c/c net power output .comected
Correctad nat Pr+A2AT-AZA0+A08B+A
Pcommnet W 110854 9482
_power output SBial"c2’c3"chb
cic net raie comecisd
Corrected net heat | Q123" 5 5" (Pn+A2 |
Sl A1+A2A2+A2B+A58) 5 Hrcomrnet | kJkWh 8479.262175
c/c net heat rate,
guaranteed Hm kJ/kWh 10002
DRION o 100*(Hcorr.net-Hm)/Hm X % -15.22433338

guaranteed value

Note: Quantity of BOP Power Consumption , please refer to appendix 6 < Bhola 225MW
Combined Cycle Power Plant Project BOP Power Consumption Test Record>.
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