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m, =9.315693574 kg /s

p = Gas Density

NIOC RESEARCH INSTITUE OF
PETROLEUMINDUSTRY ANALYTICAL

RESEARCH DEPARTMENT () 4ero)

NO COMPONENT | RESULT
1 N2 5.4% mole
2 CH4 £8.4% mole
3 Cco2 0.1% mole
4 C2H6 4.1% mole
5 C3H8 1.25% mole
6 C4H10i 0.24% mole
i) C4H10n 0.31% mole
8 C5H12i 0.11% mole
9 C5H12n 0.07% mole
10 CoH14 0.02%

Total 100.00
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Fuel gas heatinput =m, (L.HV + Ah.f)
m, =9.315693574kg /s
LHY=45282.16k/ kg

Ak, =CP.[t; —15°C)=2.10873
x(30.522~30)=32.731k / kg

Fuel gas heat input=9.315693574

(45282.16+ 32.731) = 422139.6455 KW

Nominal Electrical Gen.= 145599.514KW

Nomin al ELEC.Gen.
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Fuel gas heat input
u SIS0 034490841
422139.6455
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x (30.522-30)=32.731k / kg
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(1) dowesd

NIOC RESEARCH INSTITUTE OF PETROLEUMINDUSTRY
ANALYTICAL RESEARCH DEPARTMENT

Date 11/12/2002 Sample: Black Valve Requested by,ANSALDO Energia
Sample Identification, Natural gas Start Time =15.30
Kazeroon, P = 12 barg filling step 30, (10.12.02) Stop Time = 16.30

No. | Component Method Result
1 N2 ASTM D-1945 5.4 mole %
2 Cl ASTM D-1945 88.4 mole %

3 Ccoz2 ASTM D-1945 0.1 mole %

4 C2 ASTM D-1945 4.1 mole %

5 C3 ASTM D-1945 1.25 mole %

6 IC4 ASTM D-1945 024 mole %

7 NC4 ASTM D-1945 031 mole %

8 IC5 ASTM D-1945 0.11 mole %

9 NCS5 ASTM D-1945 007 mole %

10 C6 ASTM D-1945 0.02 mole %
Total 100.00
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(V) dountns

GAS PROPERTIES (60°F, 14.73 psia) OF PERFECT GAS

; Specific | Specifc Heat
componnd | rormun | Mot | GosComtnt | Spec | Voo | nmiy | et O
| Y Jamm | C C_ | High | Low | High | Low
Methane CHy | 16.043 96.32 05539 | 23.5689 | 0.5266 | 0.4028 | 1012.0 | 9112 | 994.4 | 8954 0.9911
Ethane CHe | 30.070 51.39 10382 | 12.4924 | 0.4097 | 0.3436 | 1772.9 | 1621.0 | 1742.1 | 1593.4 0.9916
Fropane CyHs 44.097 35.04 1.5224 84360 | 0.3881 | 0.3431 | 2523.0 | 23214 | 2479.9 2281.1 0.9020
Isobutane CiHw | 58.124 26.59 20067 | 63237 | 0.3872 | 0.3530 | 3260.1 [ 3008.0 | 32034 | 2953.7 0.9702
N-Butane CaHp | 58.124 26.59 50067 | 6.3002 | 0.3867 | 0.3525 | 3269.6 | 3017.5 [ 3212.7 [ 2965.0 | 0.9663
Isopentane CHp | 72151 21.42 24910 | 5.2506 | 0.3827 | 0.3552 | 4009.4 | 3706.4 | 3939.7 | 36419 1.0004
N-Pentane CiHy | 72.150 21.42 52910 | 5.506 | 0.3883 | 0.3608 | 4018.5 | 3716.0 | 39486 } 3631.5 1.0004
Hexanes, Ave | Cetu | 86178 [  17.93 59753 | 43960 | 0.3864 | 0.3634 | 4758.0 | 4405.0 | 4675.2 | 43284 1.0004
Heptanes, Avg CiHie | 100.206 15.42 34596 | 3.7806 | 0.3875 | 0.3677 | 5509.7 | 5106.5 | 5413.9 | S017.7 1.0004
Carbon Monoxide | CO | 2801 55.17 09671 13,5190 | 0.2484 [ 0.1775 | 321.1 | == | 3153 | == 0.9995
Carbon Dioxide CO;, | 44.010 35.11 75194 | 85590 [0.1991 (00540 | - | — | -— | = 0.9945
Hydrogen Sulphide | H;S | 34.076 | 4535 71765 | 111081 | 0.2380 | 0.1797 | 638.6 | 5882 | 6275 | 578.0 0.9995
Air N,O; | 28964 53.35 {0000 | 13.0740 | 0.2400 | 01714 | — | =-— | — L == 0.9995
Hydrogen H, 2016 766.53 070696 | 188.0344 | 3.4080 | 2.4227 | 324.9 | 2745 | 319.3 | 269.7 1.0000
Oxygen 0 31.999 48.29 171048 | 118310 | 02188 [ 01507 | — | = | =— 4 -= 0.9992
Nitrogen N, | 28003 55.16 09672 | 13.5197 | 02482 | 0773 | — | = | — 1 = 0.9997
| Water HO [ 18015 85.78 06220 | 21,0180 [ 04446 {03343 [ = [ = | = | = 0.9995
GENERAL NOTES:

(a) Values were obtain from ASTM D 358
low dry and Saturated heatin
(b) To obtain real gas heating va

NOTE:

(1) Z (for mixed gas): 00369-(0.0101 Specific gravity) +

VAT Y o gl g gl b3 [ ]

g values, W

lues and specific gravity for a mixed gas,

8-77 and the American Ga
hich were taken from Matural Gas Processors an
divide the summation value, the comp

[(0.007) (mole fraction of contained nonhydrocarbon gases)]

s Association Gas Measurement Manual, Part One 1981 except for the
d Suppliers Association, 1972: edition.
ressibility factor of the gas.
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. |SPECIFIC GRAVITY (IDEAL RELATIVE DENSITY) OF THE FLOWING GAS g - 0.621126614 150 6976
1 |COMPRESSIBILITY FACTOR @ STD. CONDITIONS (14,696 PSIA -60°F) Zo e 0.9978 ASTM D3588-91
1 |REAL SPECIFIC GRAVITY OF THE FLOWING GAS Grat — 0.6224 150 6976
4 |CO2 CONTENT MM THE FLOWING GAS Mc mol % 0.1
5 [N2 CONTENT IN THE FLOWING GAS Mn mal % 54
6 |Mc-0392Mn kp some -2.0168
7 Mg +1681Mn K1 — 2.1774
s |PRESSURE ADJUSTING FACTOR = 156,47 /(160,8 - 721G +Kp ) Fp - 1.014132708
9 |TEMPERATURE ADJUSTING FACTOR = 226,29 /(99,15 + 211,9G - Kt} Ft - 1019971409
11 |OAUGE PRESSUIRE OF THE FLOWING GAS Pr bar g. 20.1944 [TAPS 3]
12 Pl Psig 292.84
13 |ADJUSTED PRESSURE OF THE FLOWING GAS = PI* Fp P adj Psig 2970293288
14 |TEMPERATURE OF THE FLOWING GAS if °C 30.552
18 tf °F 86.93
16 |ABSOLUTE TEMPERATURE OF THE FLOWING GAS = 1f * 460 Tf *R 546,939
17 |ADJUSTED TEMPERATURE OF THE FLOWING GAS =Tf* Fi-460 tadj *F 97.86
(8 |(Padj+14,7)/ 1000 x vers 0.311729328
19 |(tadj+ 460 )/ 500 T - 1.11572
30 [0,0330378%(1y2 -0,0221323%(1)-3 + D,0161353%()"-5 m — 0.019937225
31 [(0.2658272(1y 2 + 0,0457697(1)"4-0,133183°(1)* 1)/ m n - 6.204958658
13 [(3-mn*2)/ Smp*2 B ceee 128.028
34 |PARAMETER E ELEl - 0999895012 DIFFERENT EQUATIONS
25 |(9n-2ma"3) / S4mp"3 - E2Zmp"1 b - 1162197287 FOREl AND E2
26 [(b+( b2 +B*3 121D D - 1445152995
27 |(B/D - D +n3p) 172/ 1 +(0,001324"3.25) Fpy weer 1.020415208
18 |BASE COMPRESSIBILITY FACTOR @ 14,7 PSIA AND FLOWING TEMP.f) Zo - 0.998152626
39 |COMPRESSIBILITY FACTOR AT FLOWING CONDITIONS = Zo /F pv*2 Zf - 0.958612554
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1 |FLUID UNDER CONDITION OF MEASUREMENT v natural gas
3 |FLUID MOLECULAR WEIGHT M kgkmal 17.989
3 |PIPE MATERIAL — c.steel A106 GrB
4 [PRIMARY DEVICE MATERIAL e st.steed AIST 316
s |UPSTREAM INTERNAL PIPE DIAMETER AT 20° C o mm 202.74
6 |THROAT DIAMETER OF ORIFICE AT 20°C d mm | 16.906
+ |DIFFERENTIAL PRESSURE ACROSS THE PRIMARY DEVICE ap mbar 598484 [TAPS3)
s |UPSTREAM STATIC PRESSURE OF THE FLUID (GAUGE ) ple  barg 20.19442026 [TAPS3]
9 |ATMOSPHERIC PRESSURE pamb.  bar aba. 0.920166736
10 |UPSTREAM ABSOLUTE STATIC PRESSURE OF THE FLUID Pl bar shs. 21.114587 [TAPS 3]
11 |UPSTREAM TEMPERATURE OF THE FLUID tl °C 30.552139
12 |FLUID COMPRESSIBILITY FACTOR @ NORMAL CONDIT. Zn S 0.997%0 NORMAL CONDIT. :
13 [FLUID DEMSITY (REAL) @ NORMAL CONDIT. pi - 0.802953 pn=1,01325bar;ta=0"C
14 |FLUID COMPRESSIBILITY FACTOR AT UPSTREAM PIPE CONDIT.. Zl e 0958612545 Z/F pv"2 scc. AGA NX-19
1 |FLUID MASS DENSITY AT UPSTREAM PIPE CONDIT.
16 |(pl /pn)*(tm + 273,182/ (11 + 273,15 )*(Zn /21 )" pn pl kg/me 15.65696798
17 |FLUID ABSOLUTE (DYNAMIC) VISCOSITY AT FLUID FLOWING TEMPERATUR. m Paseckg/m sec 1.17T4E-0T | epoise = 10 Pasec
18 |KINEMATIC VISCOSITY AT UPSTREAM PIPE CONDIT. wi=pip 1 miisec 7.52985E-07 | estokes = 10°* misec
19 |AREA CORRECT FACTOR FOR THERMAL EXPANSION OF PIPE Fp - 1000244575
10 |AREA CORRECT FACTOR FOR THERMAL EXPANSION OF PRIMARY DEVICE Fa @ e 1000305729
11 |THROAT DIAMETER OF ORIFICE AT OPERATING CONDITIONS dq mm 1 16.9238694
12 |UPSTREAM INTERNAL PIPE DIAMETER AT OPERATING CONDITIONS Do mm 202.764791
13 |DIAMETER RATIO AT OPERATING CONDITIONS pody /Dy == 0.576647794
14 |VELOCITY OF APPROACH FACTOR = 1/(1 -p~4) " 12 E .- 1.060338274
25 |SPECIFIC HEAT CAPACITY OF GAS AT CONST. PRESSURE (AND FLOW TEMP.) Cp k'K 2.10873
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2 |INSENTROPIC EXPONENT (SPEC. HEAT CAPACITIES RATIO FOR IDEAL GAS) k=Cp/Cy ... 1.280731781
27 |EXPANSIBILITY FACTOR = 1 - (0,41 +0.35%p*4) * Dp * 107-34k*p1) E e 0.990069574
25 |ARRANGEMENT OF PRESSURE TAPPINGS : CORNER TAPS
79 |MEAN AXIAL VELOCITY OF THE FLUID IN THE UPSTREAM PIPE Ui misec 185146 6% qm / p I{=* Dy 2/4)
30 |REYNOLDS NUMBER AT UPSTR. PIPE CONDIT. ( REF.TO Do) Reg*10%6 ... 49652410  Rep=U1"Do/v1%1000
31
32 |REYNOLDS NUMBER AT UPSTR. PIPE CONDIT. (REF. TO do) Re 1076 ... §.6105%10"6 Reg/ b
33 |DISCHARGE COEFFICIENT :
34 105959 +0,0312 % Pr2.1-0.1840°B 8 + ...
38 |+0.0029*p*2.5%(10°6/ReD)0.75 c - 0.603689556 [TAPS 3]
% |a - 0.607089 COEFF.a OF REGRESS.EQUAT.
3 b - 0.0 COEFF.b OF REGRESS.EQUAT.
38 |DISCHARGE COEFFICIENT acc. CALIBRATION REPORT c 0.607089 CALC. BY REGRESS. EQUAT.
39 |FLOW COEFFICIENT = C*E — 0.640115141
«0 |MASS FLOW RATE = 10 A-5°Fa* a*e*(x*d"2/4)*(2*4p"p1)"1 12 qm kg/sec 9315693574
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AVERAGE MEASURED / CALCULATION VALUES
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NOMINAL EFFICIENCY AT GEN. TERMINALS

.

REMARKS
1 |GAS TURBINE SPEED nt 3002.14452 rpm  |(sheet)* “sheet:data inpul
2 |GENERATOR SPEED ng 3002.14452 m  [( shest)”
3 |AMBIENT TEMPERATURE  amb 17.50814727 o ( sheet )"
4 |AMBIENT { BAROMETRIC ) PRESSURE p amb 920.17 mbar  }( sheet )*
5 |RELATIVE HUMIDITY o 67.8632 % ( sheet )*
6 |MEAN TURBINE EXHAUST TEMPERATURE b THIm 54543 o ( sheet )*
7 |COMPRESSOR INLET TEMPERATURE B VI 1750814727 o ¢ {( sheet)’
8 |CORRECTED TURBINE OUTLET TEMPERATURE B ATK 565.96 ° ( sheet )*
g |GROSS POWER OUTPUT AT GEN. TERMINALS, MEASURED P GTm 145770454 KW  {(wattmeter 1) (sheet )"
10 |POWER FACTOR, MEASURED COS( 0.9988 — | sheet)
11 |TOTAL STATION AUXILIARY POWER CONSUMPT P aux Tm kW  lowattmeter 2, measured downstr. Unit transf.(sheet )
12 |EXCITATION POWER { cosp, measured ) P axc 170.94 KW calculated at test condit. From | exc measured
13 |EXCITATION POWER (cosp=08) P exc 456.205 KW  |@cosy specified & Guar. Power-workshop Test Rep.
14 |POWER CONSUMED BY OTHER USERS P other 0 KW |(sheet)*
15 |AUXILIARY POWER CONSUMPTION FOR THE STATION P auxm 191260254 KW  |(sheet)’
16 |GT-GENERATOR UNIT
17 |NOMINAL POWER OUTPUT AT GEN. TERMINALS PGTrnom  145599.514 KW FF GTm-Pexc (9-12)
18 |FUEL GAS HEAT INPUT PFG 4221398455 KW AN amie

n GT nom 0.34480841 — 16/17

VEAY S e g5l gl gl iy =k
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CONVERSION OF RESULT TO REF CONDITION (CASE - A)

e

ﬂ

- REMARKS

4 [NOMINAL POWER QUTPUT AT GEN. TERMINALS P GT nom 145598.514 kw IWal dapanie

2 |CORRECT. FACTOR FOR p amb. TEST Fpl 0.908306264 STOAS3302A.D0C rev 0 - pag 2
3 |CORRECT. FACTOR FOR p amb. GUARANTEE Fp1 0.900964153 STOVS33028.D0C rev - pag 2
4 [FCORF . FACTOR FOR p amb. Fpl 0.908338825 0.908358081 §273

5 JCORE FACTOR FOR INLET PRESS. LOSS. TEST Fp2 0.98661979 STOAS23028.00C rev 0 - pag 1
6 |CORRECT. FACTOR FOR INLET PRESS. LOSS. GUARANTEE Fp2 0.985220607 STOASX302B.00C rev (0 - pag 1
7 |CORRECT. FACTOR FOR INLET PRESSURE LOSS Fp2 1.001410833 55

8 [CORRECT. FACTOR FOR QUTLET PRESS. LOSS. TEST Fpd 0.995627158 TONS3302C.DOC rev 0 - pag 1
¢ ICORRECT. FACTOR FOR OUTLET PRESS. LOSS. GUARANTEE Fp3 0.5047 76452 STO\S3302C.00C rev 0 - pag 1
10 |cORRECT. FACTOR FOR OUTLET PRESS. LOSS. Fp3 1.000855173 a9

14 |CORRECT. FACTOR FOR LHV-FUEL GAS COMP. TEST F pd 0.98589 TOVS33020,.D0C rev 0 - pag 24.6
12 |CORRECT. FACTOR FOR LHV-FUEL GAS COMP. GUARANTEE Fp4 1.000503119 STD\S33020.00C rev 0 - pag 24,6
413 JCORRE FACTOR FOR LHV-FUEL GAS COMP. Fpd 1.00801802 1112

14 |CORRECT. FACTOR FOR LHV REL. HUMIDITY. TEST F ps 1.000545454 STONSIMZE DOC rev0 - pag 1
48 |CORRECT. FACTOR FOR LHV REL. HUMIDITY. GUARANTEE Fp5 1000000687 STOVS3302E.00C rev 0 - pag 1
1§ |CORRECT. FACTOR FOR LHV REL. HUMIDITY. F p5 1.000535762 1415

17 |GENERATOR DESIGN SPEED n g.design 3000 rpm

18 |GENERATOR SPEED AT SPEC. REFERENCE COMDITIONS ng.guaraniee 30000 mm

1% ngin g, design  1.00072

20 |CORRECT. FACTOR FOR SPEED. TEST Fpé 1.000855117

24 JCORRECT. FACTOR FOR SPEED. GUARANTEE Fpé 1

72 |CORRECT. FACTOR FOR SPEED. Fpb 1.000585117

123 JCORRE . FACTOR FOR TAMB TEST Fp7 0.984772581

24 |CORRECT. FACTOR FOR TAME GUARANTEE Fp7 1.000002567

25 |CORRECT. FACTOR FOR TAMB Fp? 0.984770063

28 |CORRECT. FACTOR FOR AGING. Fp10 0.881816812

31 |POWER FACTOR AT SPEC. REFRENCE CONDITIONS cosp. guaranice 0.8

28 JGEN. EFFICIENCY AT TEST POWER OUTPUT. n GEMN 0.9882
% |G EFFICIENCY AT GUAR. POWER OUTPUT. n GEM 0.9858

30 |CORRE T.meWme Fpl1 1.0034485975

14 |OVERALL POWER CORRECTION FACTOR 0.887812036

1z |JCORRE [ IﬂllHﬁ.LPﬂWERﬂUTPUT.ﬁ.TGEN.TERHH#LE PGT nomoor  1682171.488 kw
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Chapter 3

Characteristics of Aerial Lines
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