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APPENDIX A 
SAMPLE CALCULATIONS 



Figure A.l: PERIODIC TABLE Of EL'I!l£NTS 
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Similarly: S + = 
(32) ---> 2(16) (64) 

0,0055 --->0,0055 kg (0,0110) 

2H2 + 02 = 2H20 

4(1) ---> 2(16) (36) 

0,0263 --->0,2104 kg (0,2367) 

The remaining components do not require oxygen, since they do not 

combust. The inherent oxygen should be subtracted: - 0,0893 kg 

Thus, for every 1 kg of coal, 1.211 kg of oxygen is required. Since 

air contains 23,15 % oxygen (by mass); 

For every 1 kg of coal, 5.233 kg of air is required. 

During this operation the actual coal flow was 376.3 tons/h 

= 104.5 kg/s 

The stoichiometric air quantity is thus = 547,0 kg/s 

During the acceptance test, the measured total air flow was 746,0 

kg/so The excess air for this operation would then be 36,40%. This 

indicates the possible error discussed in the script, suggesting that 
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the total air flow indication is not correct. This led to the 

investigation and method of calibration of the total air measuring 

aerofoil and the air flow calculation illustrated in Sample 

calculation A.2. The motivation for the above argument emanates from 

the existing formulae commonly used to obtain an approximate value for 

excess air from measured volumetric oxygen in flue gas: 

% 02 X 100 
% Excess air = 

20.95 - % 02 

From this formula the measured 3% 02 would produce a figure of ± 17% 

excess air. Had the excess air been the more likely 17% the total air 

flow would be 640,0 kg/so 

Thus: Stoichiometric plus 17% excess air = 547,0 + 92,98 

The exhaust gases due to 1 kg of coal: 

C02 - 1,492 

S02 - 0,011 

H20 - 0,237 

Moisture in coal - 0,112 

N2 in coal 0,009 

1,860 kg 
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But the total coal flow was 104,5 kg/s, thus the exhaust gases for 

104,5 kg/s of coal: 

C02 - 155,910 

S02 - 1,150 

HzO - 24,740 

Moisture in coal - 11,680 

Nz in coal 0,962 

194,440 kg/s 

The N2 from the total air supplied (17% excess air included): 

0,7686 x 640,0 kg/s 

== 491,9 kg/s 

The 02 from only the excess air supplied = 0,2315 x 92.98 kg/s 

= 21,53 kg/s 

The atmospheric moisture in the combustion air supplied to the furnace 

(acceptance test values): 

Twb = 14,3 °C 

Tdb == 28,3 °C 

Thus ¢ = 0,22 

(from Figure A.2: psychrometric chart at 1500 m altitude) 
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From saturation steam tables(18): 

Ps = 3845,8 Pa at T = 28,3 °C 

f/J =Pw / Ps 


(per defini tion) 


thus Pw = 846,1 Pa 


Pa = Patm - Pw 


= 85556 - 846,1 


= 84709,9 Pa 


from Pv = RT 

Va = RT/P 

= 287,1 X 301,45/84709,9 

= 1,0217 m3 /kg 

From steam tables: 

Vs = 36,142 m3 /kg 

00 = f/J x Va / Vs (per definition) 

= 0,00622 kgwater/kgair 

Thus, for 640,0 kg/s air flow, 3.98 kg/s of water vapour entered the 

furnace. This is to be added to the other moisture in coal. The 

total exhaust gases for 104,5 kg/s of coal & 17% excess air (this is 

the wet flue gas gravimetric analysis): 
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C02 - 155,90 21,95 

S02 - 1,15 0,16 

Moisture (in coal, in air, H2 combustion) 40,39 5,69 

N2 (in coal, in air) - 491,38 69,17 

02 (in excess air) - 21,53 3,03 

710,36 kg/s 100,0% 

The equivalent dry flue gas gravimetric analysis would be: 

C02 - 155,91 23,27 

1,15 0,17 

N2 (in coal, in air) - 491,38 73,34 

02 (in excess air) - 21,53 3,21 

669,0 kg/s 100,0% 
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A.2: TOTAL AIR FLOW MEASURING AEROFOIL CALIBRATION 

This example is numerically illustrated from measurements taken from 

an actual calibration exercise of the aerofoils prior to the main 

tests. 

Manometer readings: 

Pstag = -560 units 

Pstat = -3500 units 

Manometer fluid temperature reading: 

T = 28°C 

Barometer reading: 


Patm = 86,48 kPa 


Air temperature readings at duct intakes, 73 m level: 


Tdb = 30,8 + 273,15 = 303,9 K 


Twb = 14,0 + 273,15 =287,2 K 


Thus: 

Pstag = -(560/5 - ( 0,0007 x 560/5 x (28 - 20») = -111,4 Pa 

Pstat =-(3500/5 - (0,0007 x 3500/5 x (28 - 20») =-696,1 Pa 
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The factor 5 is for the 1:5 incline of the manometer, the other 

constants are for the temperature compensation of the manometric 

fluid, which has a reference at 20°C. The negative sign means the 

duct is under suction. The absolute value of the total pressure is 

thus still greater than that of the static pressure. 

Thus: Pdyn 	= Pstagn Pstat 

=-111,4 (-696,1) 

=584,7 Pa 

The value of the dynamic pressure has to be positive for the flow not 

to be in the reverse direction. 

Relative humidity: At the Tdb and Twb values measured above, the 

relative humidity is read off the psychrometric chart, for 84.6 kPa 

and 1500 m.a.s.l. seen in Figure A.2. 

¢ = 0,157 (or 15%) 

Saturation pressure of water vapour at Tdb (interpolated) from 

saturation steam tables(18): 

Ps = 4428,5 Pa 
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Partial pressure of water vapour (from ¢ = Pw / Ps , per definition): 

Pw = ¢ x Ps 

= 0,157 x 4428,5 

= 695,3 Pa 

Partial pressure of dry air: 

Pair 	=Pmixture - Pw 

= (Patm + Pstat) - Pw 

= (86480 - 696,1) - 695,3 

= 85089 Pa 

Specific volume of dry air (from Pv = RT): 

Vair 	=RT/P 

= 287,1 x 303,9 / 85089 

= 1,025 m3 /kg 

Specific volume of water vapour, Vs (from steam tables(18) at Tdb): 

Vs = 31,72 m3 /kg 
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Absolute humidity 00 	 =~ X Vair / Vs 

=0,157 x 1,025 / 31,72 

=0,0051 kgwater vapour / kgair 

From the continuity equation: 

mass flow =density x cross-sectional area x average velocity 

and the equation for the velocity or dynamic pressure: 

Pdyn = 1/2 x density x velocity2 

thus: 

velocity = f(2 X Pdin /density) 

substituting this velocity in the continuity equation above, the 

theoretical mass flow (Cd factor not yet taken into account) of the 

mixture of air and water vapour (IDmt), becomes: 

IDmt = A x (f(2 X Pdyn / density» x density 

IDmt = A x (f(2 X Pdyn / density» x f(density)2 

IDmt =A x f(2 X Pdyn X density) 

since density = 1 / 	 v, from Pv =RT, density = P/RT 

Daltons law of partial pressures states: 

Pmixture =Pair + Pwater vapour 
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thus: 


IDmt =A X {(2 X Pdyn X (Pair/RairTair + Pw/RwTw» 


=11.008x{(2x584,7x(85089/(287.1x303,9) + 695,3/(461.5x303,9») 


= 372,7 kg/s 


As said, this is the theoretical (ideal) mass flow, the Cd factor 

is not yet taken into account. A CFD study was performed on the whole 

duct including the aerofoil(19). For this purpose, -a Cd factor was 

determined. 

From the graph in Figure A.3 at 372,7 kg/s mixture flow: 

Cd =0,833 

Thus: The actual mass flow of the mixture: 

IIha 	 = IDmt X Cd 

= 372.7 x 0,833 

= 310,5 kg/s 

Mass flow of dry air only: 

ffiair 	 = IDm 1(1 + co) 

=310.5 I (1 + 0.00508) 

=308,9 kg/s 
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At a required load and flow, the above exercise is done for the left 

and right hand side ducts of the boiler. The pressure differences 

versus the mass flow (corrected for temperature and humidity) are then 

given to C & I department for calibration of the indication. 

The whole calculation and methodology above is written into a 

procedure(20) which is accepted, authorised and used at Lethabo Power 

Station as the method to determine the total air flow to the boiler 

and the calibration of these measuring aerofoils. 

The above method was verified by means of separate tests, utilising a 

thermal anemometer (hot wire flow meter) and pitot tube traverses(21), 

which compared favourablY on the estimated Cd factor. 
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A.3: AIR HEATER LEAKAGE COMPENSATION AND FLUE GAS PROPERTIES 

A.3.1: Flue Gas ~rties 

The flue gas analysis (% gravimetric) from sample calculation A.1 is 

taken as example. The significance of the difference between the 

volumetric vs. gravimetric percentage of a gas component of the flue 

gas is to be evaluated and other properties of the flue gas such as 

the molecular mass - (M), polytropic expansion coefficient (n), 

specific heat capacities at constant pressure (cp) and constant volume 

(cp), as well as the specific gas constants (R) are also determined. 

Wet flue gas analysis: 

GAS GRAV ANAL 1«lLE MASS 1«lLES VOL ANAL n cp Cv R 

(kg/100kg) (kg/mole) (j100kg) %mole kJ/kgK kJ/kgK kJ/kgK 

CO2 21,950 44 0,499 14,750 1,287 0,8457 0,6573 0,1884 

S02 0,162 64 0,003 0,089 1,252 0,6448 0,5150 0,1298 

H2O 5,686 18 0,316 9,340 1,269 2,1800 1,7190 0,4615 

N2 69,170 28 2,470 73,020 1,399 1,0400 0,7436 0,2964 

02 3,030 32 0,095 2,810 1,394 0,9182 0,6586 0,2596 
------­ ------­ -----­ -----­ -----­

100,0 29,55 <---3,384 100,0 1,361 1,058 0,7771 0,2807 

The flue gas properties are determined from the following 

thermodynamic relationships for a perfect gas: 

n = cp / Cv and R = Cp - Cv 
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The molecular mass of the 	wet flue gas: 1/3,384 x 100 

M = 29,55 kg/mole 

Universal gas constant R = 8,314 kJ/moleK 

The specific gas constant 	for wet flue gas: 

R = 280,7 J/kgK 

The Cp value for wet flue 	gas: 

Cp = 1,058 kJ/kgK 

The Cv value for wet flue 	gas: 

cv =0,7771 kJ/kgK 

The polytropic expansion coefficient for wet flue gas: 

n = 1,361 

It should also be noted that the difference between the ratio 

gravimetric volumetric for any gas component and the flue gas 

mixture is equal to the ratio of the molecular mass of the gas 

component: molecular mass of the total flue gas mixture. 

Thus: to convert from volumetric (normally the mode the gas analysis 

instrument operates in) to gravimetric (normally the mode required in 

the calculations) multiply by the ratio MgaslMmixture. 
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In wet flue gas e.g. the ratio for oxygen of gravimetric: volumetric 

percentage is 3,030 2,807 = 1,08. The ratio of Moxygen : Mmixture 

is 31. 998 29.55 = 1.08. This difference is also significant and 

should be taken into account in calculations. 

Similarly, the dry flue gas analysis: 

GAS GRAV ANAL IDLE MASS IDLES VOL ANAL n cp Cv R 

(kg/l00kg) (kg/mole) (jl00kg) o/orno Ie kJ/kgK kJ/kgK kJ/kgK 

CO2 23,270 44 0,529 16,270 1,287 0,8457 0,6573 0,1884 

S02 0,172 64 0,003 0,092 1,252 0,6448 0,5150 0,1298 

N2 73,340 28 2,619 80,560 1,399 1,0400 0,7436 0,2964 

02 3,213 
------­
100,0 

32 

30,76 

0,100 

<---3,251 

3,076 
------­
100,0 

1,394 

1,375 

0,9182 0,6586 0,2596 
-----­ -----­ -----­
0,9902 0,7204 0,2703 

The flue gas properties here are also determined from the following 

thermodynamic relationships for a perfect gas: 

n = Cp / Cv and R = Cp - Cv 

The molecular mass of the 	dry flue gas: 1/3,251 x 100 

M =30,76 kg/mole 

Universal gas constant R = 8,314 kJ/moieK 

and the specific gas constant for dry flue gas: 

R =270,3 J/kgK 
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Thus Cp for dry flue gas: 

cp =0,9902 kJ/kgK 

Thus Cv for dry flue gas: 

Cv =0, 7204 kJ /kgK 

Thus the polytropic expansion coefficient for dry flue gas: 

n = 1,375 

In the case of the dry flue gas too, it should be noted that the 

difference between the ratio gravimetric volumetric for any gas 

component and the flue gas mixture is equal to the ratio of the 

molecular mass of the gas component : molecular mass of the total flue 

gas mixture. 

Thus: to convert from volumetric to gravimetric for both wet and dry 

flue gas, multiply by the ratio Mgas/Mmixture. In dry flue gas e.g. 

the ratio for oxygen of gravimetric: volumetric percentage is 3,213 

3,076 = 1,04. The ratio of Moxygen : Mmixture is 32.00 : 30.76 = 
1.04. This difference is also significant and should be taken into 

account in calculations. 
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A.3.2: Air in-leakage compensation on dfg temperature 

The air in-leakage via the air heater seals can have a deceiving 

effect on the dry flue gas loss calculation, since the back-end 

temperature will appear lower with higher leakage due to the dilution 

effect of the colder air leaking in. STEP calculates the actual dry 

flue gas loss according to: 

Q = m x Cp x (Tout - Tin) 

Although the mass flow of flue gas will increase due to the leakage, 

the STEP formula will not correctly be influenced, since the 02% is 

normally not measured before and after the air heaters. Even if it 

is, as done correctly during these tests, the STEP formulae can not 

detect the additional mass flow, as calculated by the iterative 

methods discussed in Chapter 6. Therefore, a compensating formula 

had is to be derived: 

Let 02% (gravimetric) in flue gas before A/HTRS = x 

Let 02" (gravimetric) in flue gas after A/HTRS =z 

02" (gravimetric) in air (leaking in via A/HTRS) = k 

Leakage fraction (gravimetric) kga i r /kggas = y 

Let the mass flow of flue gas before A/HTRS = G 

Let the mass flow of flue gas after A/HTRS = M 

Let the mass flow of air leaking into A/HTRS = L 
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then: G + L = M 

and G(x/l00) + L(k/lOO) =M(z/100) 

thus: xG + kL = zM 

For L/G in terms of M: 

zM - xG 
L = 

k 

zM - x(M - L) 
L = 

k 

zM ~1-xL 

L = 
k 

kL-xL = zM-xM 

L(k - x) =M(z - x) 

M(z - x) 
Thus: L = 

k - x 

zM - kL 
G = 

x 

zM - k(M - G) 
G = 

x 

zM - kM - kG 
G = 

x 

A - 21 



xG - kG = zM - kM 

G(x - k) =M(z - k) 

M(z - k) 
Thus: G = 

x - k 

L M(z - x) (x - k) 
Now: - - -------- x 

G (k - x) M(z - k) 

L (z - x) (k - x) 
- - -------- x 
G (k - x) (k - z) 

L (z - x) 

G (k - z) 

For LIM in terms of G: 

zM - xG 
L = 

k 

z(G + L) - xG 
L = 

k 

zG + zL - xG 
L = 

k 

kL - zL = zG - xG 
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L(k - z) =G(z - x) 

G(z - x) 
Thus: L = -------­

k - z 

xG - kL 
M = --~----

z 

xG + k(M - G) 
M = 

z 

xG + kM - kG 
M = 

z 

zM - kM = xG - kG 

M(z - k) = G(x - k) 

G(x - k) 
Thus: M = 

z - k 

L G( z - x) (z - k) 
Now: x ------­

M (k - z) G(x - k) 

L (z - x) (k - z) 
-------- x 

M (k - z) (k - x) 
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L (z - x) 
= 

M (k - x) 

The above two formulae proved to be more accurate than the generally 

used formula by 1 - 2% 

02 % after A/HTR x 100 
% Excess air = 

20,95 - 02 % after A/HTR 

This is due to the fact that volumetric values for oxygen are used, 

but the excess air is normally required as a mass for calculations. 

The amount of air in-leakage is now available as a fraction of the gas 

before or the mixture after the air heaters, as a function of the 

gravimetric 02% before and after the air heaters. In both cases the 

value of k = 23.15. The advantage here is that the in-leakage will be 

available in kg/s, but an iterative method is necessary as discussed 

in A.3.4. Although the oxygen percentages are available as volumetric 

values (see Appendix B), the conversion to gravimetric is done as 

explained in A.3.1. 

The primary reason for this calculation can now be pursued: 

To calculate what the actual temperature of the flue gas would have 

been, had there been no air-in-Ieakage. 

Heat given off by gas = heat absorbed by air 
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(This is not due to the heat exchange of the A!HTR between gas and 

air, but the gas on the A/HTR outlet and the in-leaking air.) 

Let the final temperature after the air heaters of the mixture be Tf 

and let the air temperature before the air heaters be Ta , 

then: 

fig Cpg (Tg - Tf) = rna Cpa (Tf - Ta) 

mg Cpg Tg mg Cpg Tf = rna Cpa (Tf Ta) 

Tg = (rna Cpa (Tf - Ta) + mg Cpg Tf) / mg Cpg 

Tg = (rna Cpa (Tr - Ta») / mg Cpg + Tf 

but rna/mg =L/G (as above) 

(02%arter A/HTR - 02%before A/HTR) 
and L/G = 

(23,15 - 02~~fter A/HTR) 

Thus, if the 02% (gravimetric) and temperature after the A!HTR, the 

02% (gravimetric) before the A/HTR and the FD inlet air temperature 

are known (cpg =0,9902 J/kgK is known from the tables above and Cpa = 
1,004 J/kgK) , the equation may be solved for Tg , i.e. what the 

temperature of the flue gas would have been had there been no air 

in-leakage (dilution). This value is used as input into the STEP 

after the dfg loss formula has been changed according to the above. 
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A.3.3 Theoretical air vs. Stoichiometric air 

In the calculations of this project there is a need to distinguish 

between theoretical air and stoichiometric air for the sake of 

terminology and calculation. Stoichiometric air is defined here as 

the air quantity needed for combustion of the coal as calculated in 

Sample calculation A.1. from the chemical equations as basis. The 

accuracy thereof is dependant on the coal mass flow. This entity is 

normally the parameter that produces accuracy problems, not so much 

from the volumetric feeder side (Sample calculation A.S) as from the 

coal density and sample representativeness. The theory in Chapter 6 

justifies a need for this air quantity to be equal to that calculated 

back from the oxygen and excess air side. The latter is very 

representative and the above formulae now enables a derivative 

thereof. It was shown above how these two formulae were derived: 

L 

M 
= 

(z - x) 
------­
(k - x) 

and 

L 

G 
= 

(z - x) 
------­

(k - z) 

The latter formula can now be used to derive an equation to determine 

the theoretical air if applied to the circumstances in the furnace 

immediately after combustion. If the air in-leakage (L) is seen as 

the excess air "leaking" into the theoretical air (G), the oxygen 

content HZ" will be the resulting gravimetric percentage due to this 
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amount of total combustion air. The oxygen content "x" wi 11 be the 

amount before the excess air was added, i.e. that corresponding to 

the theoretical air, which must be zero. The value k = 23.15 for the 

gravimetric percentage of oxygen in atmospheric air. The equation 

above then becomes: 

Excess air z 

Theoretical air (23.15 - z) 

but: Theoretical air + Excess air = Combustion air 

Thus: Excess air = Combustion air Theoretical air 

Combustion air Theoretical air z 

Theoretical air (23.15 - z) 

z 
Combustion air = x (Theoretical air) + Theoretical air 

(23.15 - z) 

z 
Combustion air = (1 + ----------- ) x (Theoretical air) 

(23.15 - z) 

Thus: 

Combustion air 
Theoretical air = -------------------­

z 
(1 + 

23.15 - z 
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This equation can also be expressed as: 

Theoretical air = 
Total measured Air Flow - Air heater leakage 

z 
(1 + 

23.15 - z 

The Combustion air also = Total measured Air Flow - Air heater leakage 

when Figure A.4 is viewed. The above equation is the one mentioned 

previously that produces more realistic values from which theoretical 

and excess air can be derived, than the approximate traditional 

equation below: 

02 % after A/HTR x 100 
% Excess air = 

20,95 - 02 % after A/HTR 
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A.3.4: Air Heater Leakage iteration 

Air heater leakage is obtained from the formulae derived in A.3.2: 

L (z - x) 
= 

M (k - x) 

and 

L (z - x) 
= 

G (k - z) 

from which is derived (in A.3.3): 

Combustion air 
Theoretical air = -------------------­

z 
(1 + ---------- )

23.15 - z 

and 

Total measured Air Flow - Air heater leakage 
Theoretical air = 

z 
(1 + ---------­

23.15 - z 

which can be verified from Figure A.4. It can be seen that since air 

heater leakage is at first part of combustion air and finally again 

part of air heater gas, an exact solution is not possible, but an 
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iteration is required. The iteration logic can be followed from 

Figure A.4 and Table A.1 in the following sequential order below: 

(The parameters have alphabetical row numbers, those underscored are 

varying with iterations until the values have converged.) 

The total air flow measured by the aerofoils (Sample calculation 

A.2) Plus the in-leakage at the aerofoil casing is the first addition 

to the mass flow. The in-leakage is detected at the circumference of 

the rectangular joint between the steel casing of the aerofoil and the 

concrete of the duct. The flow rate is determined with a vane 

anemometer traverse, determining the average velocities through the 

areas and the measuring of the rectangular areas at different boiler 

loads. The minimum amounted to 1.8 kg/s and the maximum was 4.2 kg/so 

A linear regression formula was derived to add the appropriate 

proportion of in-leakage to the aerofoil flow rate. For a specific 

test, this flow rate is a constant value, as indicated in row (a) of 

Table A.1. 

Next the primary air flow is subtracted in (b), just to be added 

again in (f), having no effect on the total. 

- The air heater leakage is then subtracted in (c). It is calculated 

as indicated in Table A.1 by the formula based on: 

L (z - x) 
= ----------­

G (23.15 - z) 
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Table A.I: ITERATION fOR OETERNINUIO AIR HEATER LEAKAGE 

Paraleter Forlula or type Iterat ion I Iteration 2 Iteration 3,
i----------------------- 1---------------------, 

a : + Aerofoi I + in-leakage :!leasured value (constant): constant con3tant constant 
I I f I I 

,-- - -- - ----- ......--------- - 1--... ------------ --------.. - l-- ...--- ....-------- --------- I ------------------ -_...._-- f --------------- ------. 


b : - Pri.ary air :Process value (constant) : constant : constant : constant 
J I 	 I I t ..--1-----------------------,------------------------- 1----------------------- 1----------------------- 1---------------------· 

c: - AlUU leakage Q.(s-p)!(2J.15-s): 	 : Q.J(sl-pI)!(23.15-S1) : Q.1(Sl-p1)/(23.15-S1 
, 	 , 1 

I---------------------~- r----------------------~ ,---------------------­
d: :: Secouliary air a-b-f. do. (changing value): do. (chlnging value): do. (changing vall , I,-----------------------	 1--------------------_· 
e: +Mill seal air :Measured value (constant): constant constant canstant , 

1----------- ------------ -- -------------. ---.----- ­

f : f Pri,ary air :Process value (constant) : constant constant canstant 
I' 	 I I1-----------------------1------- -----....,...-----------	 ------------------------ ,---------------------~ 
g: +Burner core air :Measured value (constant): constant : constant canstant 

, I 	 , , 1 
--- f ----------------------- 1---... ---------------------1------------------------1------------------------ I---------------------~

h: COlbust ian air: a-£re+g : do. (changing value 1: do. (changing value): do. (changing valt 
I 	 I 
!------------------------I------------------~~--

i: Theoret ical air l!I[ltl/(23.15-I) I do. (changing value): do. (changing value]: do. (changing vall 
J

1---------------------­
j : Excess air : 	 do. (changing val ue): do. (chlnging value): do. (chlnging vall , , 	 , 

, - ---------------- ------ ,--------------------- --- - t --._---,--.,---,-------,---,-- -_.---, ---,---,----------- ­ ,---------------------­
k: +Coal COlbustibles : Frol dry-ash free coal : constant constant : constant , , 	 ,

--- ,----------------------- ,-------------------------	 ---,-------- ,---------------------­
1 : Furnace gas h+k: do. (changing value]: do. (changing valuel: do. {changing vall , 	 , ,

,------------------------ ,------------------------ ,---------------------' 
Furnace 02 p-[n/lt (23.15-pll do. (chlnging value): do. (changing value): do. (changing val­

n : + Furnace in-leakage Pre-deterlined value constant constant constant 
I I 	 I I l:,----------------------- ,------------------------- ,------------------------ ,------------------------,---------------------­

0: Econoliser gas: l+n : do. (changing value): do. (chlnging value): do. (changing vall 
t J 	 I I

---1-----------------------	 ------------------------,---------------------­
P : 	 Econoliser 01 :Measured value (constant): constant constant: , constant 

-_.._---------- ,---------------------­
q: +A/HTR leakage o(s-pj!(2J.15-s): OI(SI-p!)/(2J.15-sd Ol{Sl-Pl)/(23.15-S2) : o3{s3-p31/(23.15-s1 

J t 	 J I f 

---f-----------------------I----------------------~--t------------------------1------------------------1---------------------. 

r : =A/IITR gas: Q.+q : do. (changing value): do. (changing value): do. (changing vail 
1 1 	 , , 1 
1------.....-- .... - ------------ I ----... ----------~ .... ----- --- ,----------- ---- - ---- ---- 1-------------------- ---- 1--------------- ------­

s : A/HTR 01 :Measured value (constant I: constant : constant : constant 
l 	 • I I
,-------------------------,------------------------1------------------------,---------------------­
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and utilising the economiser gas (0), the A/HTR 02 (s) and the 

economiser 02 (p). 

- The secondary air (d) is the resulting flow thus far. 

The mill seal air (e) and burner core air (g) are pre-determined 

values. The burner core air in-leakage is a constant value (11.93 

kg/s) irrespective of the load and the amount of mills in service, 

since it is only dependant on the differential pressure between 

atmosphere and furnace pressure, measured with a vane anemometer 

during testing. (The ID fans strive to maintain constant furnace 

pressure.) The seal air was tested by vane anemometer and pitot 

traverse with an average of 3.657 kg/s/mill in service. 

The balance then produces the combustion air (h), which varies as 

the A/HTR leakage changes with converging iterations. 

The combustion air comprises the theoretical (i) and excess (j) 

air. Theoretical air is obtained from the formula: 

Combustion air 
Theoretical air = 

z 
(1 + 

23.15 - z 

and utilises the furnace 02 (m) for the value of "z". The excess air 

(j) is simply the difference between the combustion and theoretical 
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air. 

The coal combustibles (k), which adds to the gasses formed from 

the chemical equations, are simply the mass of the coal burnt for the 

test minus the moisture, hydrogen and ash. 

The addition of these coal combustibles to the combustion air 

amounts to the furnace gas (1). 

- The furnace 02 is back-solved from the above derived formula: 

L (z - x) 
= ----------­

G (23.15 - z) 

where: 

x furnace 02 (m)'" 

L = furnace in-leakage (n) 

G = Furnace gas (1) 

z =economiser 02 (p) 

Take note that this value will be gravimetric and dry. See Appendix B 

for an explanation of which 02 measurements are wet or dry, 

gravimetric or volumetric etc., by instrumentation and analysers. The 

gas component values are all transformed to dry gravimetric for 

calculations. The answers and results from iterations etc. will thus 

be the same. 
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The furnace in-leakage (n) is pre-determined by the iterative 

calculation methods discussed in Chapter 6 and verified afterwards by 

practical tests involving pitot traverses to calculate gas and air 

flow differences. This value eventually amounted to a constant 35 

kg/s, as can be seen in Appendices P, G and H. 

- The economiser gas mass flow (o) is the sum of the furnace gas and 

furnace in-leakage. 

The economiser 02 % is a volumetric wet measured value, 

transformed to gravimetric dry. 

- The A/HTR leakage (q) again joins the gas stream and is calculated 

in the same way as in (c) above. The reason why it appears twice is 

to accomplish the iterative procedure explained below. 

The A/HTR gas (r) is the sum of the economiser gas (0) and the 

A/HTR leakage (q). 

The A/HTR 02 is a volumetric wet measured value, converted to 

gravimetric dry for calculation. 

The iteration operates as follows when the columns and specifically 

rows (c) and (q) in Table A.1 are viewed: 
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A value of zero is initially entered into row (c) of Iteration column 

1 for the A/HTR leakage value. The above formulae will calculate a 

first iteration value for A/HTR leakage by going through the process 

explained above and place that value in row (q). All the other 

parameters that should change (underscored) will automatically be 

recalculated. 

This first estimation for A/HTR leakage in row (q) column 1, will 

then be placed into row (c) of column 2, as a starting value by a 

macro written into the spreadsheet. The second iterative value for 

A/HTR leakage will then be calculated by the procedure and formulae 

described above in row (q), column 2. 

This second estimation for A/HTR leakage in row (q) column 2, will 

then be placed into row (c) of column 3, as a starting value. The 

third iterative value for A/HTR leakage will then be calculated by the 

procedure and formulae and shown in row (q). The iteration is 

repeated until all the values, especially the A/HTR leakage have 

converged to an accepted degree of significant figures. 

The answer of air heater leakage is now in terms of kg/s air flow, not 

as a fraction of the gas before or the mixture after the heater. 
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A.4: BOILER FEED WATER FLOW 

This example uses the values for the H/550/28/9hOO test. The data is 

an extraction of the report: Feed water Flow rate calculations(23), 

specially compiled for these tests. (The amount of significant figures 

are as per digital instrument output. The final answer is rounded off 

to 5 significant figures.) 

Determine the Static pressure working range: 

Static output (averaged) = 11.9695 rnA 

Static output zero = 4.015 rnA 

Calibrated static output zero =4.003 rnA 

Thus, 

Actual static output = 11.9695 + (4.003 - 4.015) 

= 11.9575 rnA 

From calibration Table A.2, interpolate the actual static pressure: 

Static pressure = (11.9575 - 11.5740) / (13.088 - 11.5740) 

x (23481.57 - 19569.31) + 19569.31 

= 20560.295 kPa 

Thus, 


Static pressure working range is between 19000 and 22000 kPa 
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Table A. 2: CALIBRATION CERTIFICATE: GAOOE PRESSURE TRANSMITTER 
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'-.:..-.:.: Ie.!";:::: ':;f cU.:::sa..;'rrc.'J ~o. : :)6S:P')5ii 

FeR ....::....L:G:: ?'RESSL<'t:E :1t'~::S:-!..!. .. -"-'" . 


E~XC!l:'l~I ::t::::::r..ENCE ~c. Al 
"ffiI CAl.:ER..::rrCN So. 19 

~t"'''1..7ACRRE & TYPE R.csenount: U5i.G? 
SaL'l. ~'L'1EER 152686 
DfSTIiL~ EU.'IGE o '::0 -H:l69 kn 

C.l..L.::::E!RATI<:;''l F5CCEDtR! 	 P:-'l2--02'ru:: ER,ENI..""E: E;;;LJ.P.1ENr 	 Bt.xieci:er: 28UD ii':'-essure l!.aJ.a.nce 5/~ 9004 
Fl~e aSOOA DMM SIN 2365133 

DATE Of c.u.I8RATICN 29/06/92 
tAeC:R.>..TCRY' TEMFER:m.:m: 21.1·C 

True 1'rans:nitter 0utt:u1: ( IllA.J 
!?:-es.sure 

(kP:a.1 Ris~ Falli.ng Aver:-:s.ge 

0.00 3.996 4.010 ·L0030 
3913.37 5.506 5.525 5.5155 
7327.37 7.022 7.037 1.0295 

11741.69 a.5.31 8.550 8.5..35 
15555.7i 10.053 10.055 10.0595 
19569.31 ll.sea 11.580 11.57.. 0 
23481.57 13.083 13.e93 13.0880 
21395.04 14.599 14.506 14.6Q2:3 
31308.62 16.112 16.122 IS. 1170 
35222.15 17 .623 17 .523 17.S280 
39135.39 19.139 19.135 19.1390 

t:"!-X:B!.:.UNTY - The uncer...ainty of lllE!aSUrenent is : :t O. 1 :: lFS 
estimat:ed fer a ccnfide:::lce le'-el of 95 :: . 

V;.L,IDITY Of CER!IHCATE : 12 tDOnths 

\:~!Brrs : 	Calibrat:ed <.:ith d.ia]::nr-.JJ;lD in a -rertic:::ll plane.No lead ~sis=nce 
applied.E:.=itatic.n ';ol~e = 14 VtC • 

./ 
CALIBR....T:::D 3Y 	 w De 'ides"';::::::"=-­

:1 !1athieson 
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Determine the differential pressure: 

Differential output (averaged) = 9.07731 rnA 

Differential output zero = 3.896 rnA 

For a static pressure of 19000 kPa: 


Calibrated differential output zero =4.012 rnA 


Thus; 

Actual differential output = 9.07731 + (4.012 - 3.896) 

= 9.19331 rnA 

From calibration Table A.3 interpolate actual differential pressure. 

Actual differential pressure = (9.19331 - 7.5290) I (9.2865 - 7.5290) 

x (59.88 - 39.92) + 39.92 

= 58.8216 kPa 

For a static pressure of 22000 kPa: 


Calibrated differential output zero = 4.0105 rnA 


Thus: 

Actual differential output = 9.07731 + (4.0105 - 3.896) 

= 9.19181 rnA 
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CALIBRATION TABLE: DIFFEREN'IIAL PRESSURE TRANSDUCERTable A.3: 

Ree nr : 57 HP DIFFERENTIAL PRESSURE TRANSDUCER 
static pressure no. 3 
DEVICE : DPBP12 NO. PTS : 10 STATIC PRESSURE!: 19000 kPa 

Numbar Pressure kPa !IIA output mV' output 
R"'20 Ohms 

1 0.00 4.0120 80.2400 
2 19.96 5.7710 115.4200 
3 39.92 7.5290 150.5800 
4 59.88 9.2865 185.7300 
5 79.84 11.0440 220.8800 
6 99.80 12.8035 256.0700 
7 119.76 14.5635 291.2700 
8 139.71 16.3280 326.5600 
9 159.67 18.0940 361.8800 

10 179.63 19.8680 397.3600 

Calibration table for differential pressure transducer at static pressure of 
19000 kPa 

Rae nr : 58 HP DIFFERENTIAL PRESSURE TRANSDUCER 
Static pressure no. 4 
DEVICE : DPHP12 NO. PTS : 10 STATIC PRESSURE: 22000 kPa 

Number Pressure kPa lIlA output mV output 
R~20 Ohms 

1 0.00 .\.0105 80.2100 
:z 19.96 5.7640 115.2800 
3 39.92 7.5165 150.3300 
4 59.88 9.2680 185.3600 
5 79.84 11.0195 220.3900 
6 99.80 12.7730 255.4600 
7 119.76 14.5305 290.6100 
8 139.71 16.2880 325.7600 
9 159.67 18.0470 360.9400 

10 179.63 19.8140 396.2800 

Calibration table for differential pressure transducer at static pressure of 
22000 kPa 
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From calibration Table A.3 interpolate actual differential pressure. 

Actual differential pressure = (9.19181 - 7.5165) / (9.2680 - 7.5165) 

x (59.88 - 39.92) + 39.92 

= 59.0117 kPa 

The next step is to interpolate to find the actual differential 

pressure at the calculated static pressure. 

Differential pressure (H) = (20560.295 - 19000) / (22000 - 19000) 

x (59.0117 58.8216) + 58.8216 

=58.92047 kPa 

=6008.2164 mm H20 

Determine the feedwater density: 

Feed water temperature = 155.7 °C 

Static pressure = 20560.295 kPa 

= 205.603 bar 

From steam tables(18) interpolate specific volume for those 

condi tions. 

At 200 bar, the specific volume (155.7 - 150) / (160 - 150) 

x (0.0010886 - 0.0010779) + 0.001077 

= 0.001083999 m3 /kg 
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At 210 bar, the specific volume = (155.7 - 150) / (160 - 150) 

x (0.0010879 - 0.0010773) + 0.0010773 

=0.001199465 m3 /kg 

Thus, 

At 205.603 bar, the specific volume = (205.603 - 200) / (210 - 200) 

x (0.001083342 - 0.001200744) + 0.001200744 

=0.0010836309 m3 /kg 

Thus, 

Feed water density = 1 / 0.0010836309 

= 922.82345 kg/m~ 

calculate the feed water flow rate: 

Feed water flow rate (Q) = 0.01252 x c x de X E X [(H) X [(density) 

Where, 

c = discharge coefficient (constant from m vs c graph, 4d2 /D2) 

=0.6063 

D = internal diameter of feed water pipe 


= 422.191 rom 
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d = orifice internal diameter 

= 280.007 mm 

Temperature correction = 
T = 

Corrected diameter, de = 

E = 
= 

Feed water flow rate (Q) 

x (1 + 0.0000126 x (155.7 

x {(922.8235) 

[1 + 0.0000126 x (T - 20)]2 

temperature at orifice (oC) 

d2 x temperature correction 

1 / {(1 - m2 ) 

1.11351 

=0.01252 x 0.6063 x (280,007)2 

- 20»2 x 1.11351 x {(6008.2146) 

= 1565812.26 kg/h 

= 434.95 ~ 
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A. 5: COAL VOLUMETRIC FEEDER INTEGRATOR 

Table A.4 shows the feeder bar profile and the values in the table 

refer. The area of the feeder profile must first be determined: 

profile area = Large rectangle - two small triangles 

A = ((0,121 + 0,348 + 0,115) x 0,1765) - (0,5 x 0,065 x 0,121) 

- (0,5 x 0,115 x 0,0645) 

A =0,09544 m2 

The 100% motor speed = 1260 rpm 

Reduction gearbox ratio: 64,0 : 1 


the feeder pulley speed = 19,6875 rpm 


@ 40,21 % feeder speed, the feeder pulley speed = 7,916 rpm 


For 23,75 minutes duration of test, 


Tail pulley revolutions = 188 


For area A, the swept volume = 15,22 m3 


Previous bulk density determination of coal = 1.0115 kg/m3 


Mass =swept volume x density = 15,39 tons 
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Table A.4: COAL FEEDER CALIBRATION 

corlSntlTS USED. FEDER PROFILE". 

Feeaer Bar Area a,09544 1lI~ 

3'+8,0Drive Gear RatiQ . 84,0: I 

100: Speed IZ51l rpm. 


Drive Pulley Ilia•• 270 II1II. ~t 
 t ~ In:BeI t Th i c:lr.:ness . - 10 II1II. -t....1 q 
N{ c! 
l-' ­

12.1,0 115.0 

LORRY TES7 R£SULTS. 

TEST .10. 1. Z. :l. 4. :. TOTAL AVEiU,G::. 

-M'Ta rae t Saeed 40 15 30 !l.5 30 

RevslTime . 40.21 35,97 29,96 32.:0 30,10 

Tail Pulley Revs. 188 188 188 taB 188 

Tes;: Durat:ian Olin •. z.:! ,75 ?5,':5 31.37 29 ,38 31,':3 

TonI Swept Vol ar' 15.79 15,79 .15,79 15,79 15.79 7B,25 

Bulk Density Kqlr 1011 ,5 IIlO6.9 1015,4 1013.1 100B,7 10tt,1 

Val x a/o Kg 15964,7 15895,4 16032,7 15996,4 15921,0 

Coal Mass.(Weighed) Kg. I7020 ,Il 16101l,1l 11240,0 16121l,a 16140,0 84420,0 

Kl (Based ~n Pulley Revsl 1,0651 I,051l6 1,Il1S3 I ,1l4S2 1.0510 1 ,IlS46 

Coal Mass Flow Rate tin. 43,00 37,97 32.46 34,15 31,86 

Sb:lcl:: Int:eqnl1:ar Adv. ar' t5 16 17 10 Iii 81 

K2 (Hass/eB.Ox Int Val»). 1,IlSI7 1,Il366 0.9987 1,0315 1,0992 1,043: 

10 (Mft/Speed : x B.O) 1,057Z 1,0484 1,0670 1,037Z 1,0493 I ,051S 
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A.6: REVISED OSTWALD DIAGRAM FOR MAXIMUM THEORETICAL C02++ 

According to sample calculation 1 it can be seen that C02 is one of 

the combustion products. The maximum percentage of C02 that can 

result from a combustion process is when the percentage excess air is 

zero and complete combustion takes place. This theoretical maximum 

amount of CO2 is noted in an Ostwald diagram as C02++ (see Figure 

A.5) . This percentage C02++ has a specific value for each coal 

analysis. It is generally calculated as follows(24); 

20,95 C + 0,1 (H + S/8) 
C02++ % = 

C + 2,355 (H + 0,16 S + 0,04 N) 

where the symbols have the same meaning as the elements participating 

in the combustion process and the constants are derived from the 

stoichiometric ratios of the same. When an actual amount of 02 is 

measured in the flue gas, a corresponding amount of C02+ (called the 

Ostwald C02) can be derived from the graph and when an actual amount 

of C02 is measured, a corresponding amount of 02+ (called the Ostwald 

02) can be derived. The trivial cases would produce the maximum C02++ 

at zero 02 %, and 20.95 % 02 (the volumetric percentage in air) would 

produce zero % C02. 

There is always a fixed relationship between the percentages of 02 and 

C02 in dry flue gas, even if excess air is present, relative to the 
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MODIFIED OSTWALD DIAGRAM 
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percentage C02++; 

20,95 (COa++ - COal 
Oa+ % = 

COa++ 

If the coal analysis is known and thus the percentage C02++, the 

percentage C02 can be measured and thus the percentage 02+ derived. 

This can be compared to the actual measured 02 as a cross check of 

measurement accuracy and validity of testing. 

Problems were encountered in reconciling the back-end gas analysis of 

the caravan with the mass-energy balance method devised in Chapter 6. 

It was discovered that the inaccuracies of the generally used 

Ostwald diagram was one of the main deficiencies. Practically the 

deficiencies presented as: the derived C02+ from the actual back-end 

measured 02 values by the caravan's analysers failed to correspond to 

the actual measured C02 by the caravan to an acceptable level, and 

vice versa. The specific reasons being that volumetric gas 

percentages derived from the Ostwald diagram were used in gravimetric 

gas balance formulae. It was therefore proposed to derive an Ostwald 

diagram on a dry gravimetric basis. 

From the basic combustion equations as in Sample calculation 1: 

C + = C02 

(12) ---> 2(16) (44) 
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S + 02 = S02 

(32) ---> 2(16) (64) 

2H2 + 02 = 2H20 

4(1) ---> 2(16) (36) 

the total dry ash free gas mass: 

=C02 + S02 (dry gasses formed) 

+ nitrogen in air from oxygen needed for combustion 

+ nitrogen in coal 

= (44/12 x C + 64/12 x S) 

+ (32/12 x C + 32/4 x H + S - 02) x 76.86/23.15 

+ N2 

the maximum theoretical C02: 

= (44/12 x C + 64/12 x S) 

for a coal analysis of: C - 38%, S - 0.5%, H - 2.5%, 02 - 6%, N2 - 3%, 

the maximum theoretical CO2 = 1.393 kg and total dry gas = 5.279 kg. 

The 002++ = 26.388 % 


The clean air 02 on the graph is then 23.15 % (instead of the 20.95 


volumetric) . 
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The y =mx + c of this gravimetrical graph amounts to: 

The conversion of volumetric to gravimetric percentage is done 

according to the method in Sample calculation A.3.1. In the actual 

test calculations the carbon in the above combustion equations were 

reduced by the unburned carbon in ash and the more accurate molecular 

masses (Figure A.l) to more significant figures were used. An actual 

test example illustrated the following difference between the old and 

revised Ostwald diagrams: 

Actual measured volumetric dry 02 % =5.6 (by caravan analyser) 

= 5.973 % gravimetric dry 

From the above formula, the corresponding C02+ = 19.579% (gravimetric) 

Back calculated: = 13.349% (volumetric) 

The caravan analyser measured: actual COa = 13.2% (volumetric) 

The old volumetric Ostwald diagram and formula produced: 

COa+ = 13.9 % 

which is less accurate than the above 13.349 produced by the revised 

gravimetric diagram. 
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A.7: BACK-END GAS ANALYSIS AND MASS FLOW RECONCILIATION 

The back-end gas analysis from the caravan fad Ii ty was ident ified and 

uti lised as a powerful tool to serve as one I ink in the energy and 

mass balance technique described in Chapter 6. The variance between 

the theoretical complete (Sample calculation A.1) and practical 

incomplete combustion also required an iteration to determine the dry 

flue gas mass flow more accurately. All this will be explained below 

by using the S/630/5.5/15h30 test as a sample calculation. 

The gas components are displayed in the first column of Table A.5. 

Column (a) contains the volumetric percentages as measured by the 

caravan facility. The NOx, S02 and CO is measured in ppm, but 

converted to percentage, which is displayed. The N2 is determined by 

difference. 

Column (b) contains the molecular mass of each component, as 

determined from Table A.1. Column (c) contains the product of (a) and 

(b) where the sum total divided by 100 gives the molecular mass of the 

flue gas. Column (d) produces the gravimetric percentage per 100 kg 

of flue gas, by dividing the value in (c) by the molecular mass of 

the mixture. 

To obtain the gravimetrical fraction of the gas component as a 

percentage of a 100 kg of coal, the amount of C02 for complete 
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Table A.S: BACK-END GAS ANALYSIS 

(al (b) :(c : a Ibl1(d : c/b*IOO1: (e) , 
! (f) I 

! 

Measured I :Graviletric S:Graliletric S:I 

Gas Analysis :Molecular: :Graviletric S:kgJlOOkg coal:kg/IOOkg coal: 
:colponent :Volutetric S: lass :kg/IOO lole:kg/IOOkg gas: I 

I 

: (0: lole SI : kg/lole : : TlIIDRET ICAL : PRAcrlCAL I 
! 

Nl 80.774 : 455.522 : 448.492 : 

3.013 : 31.999 : 96.414 : 3.136 19.110 : 
I 
! 

.376 : 


SOl .102 : 64.059 : 1.315 : 1. 295 : 


CO .047 : 28.010 : 1. J28 : .043 I .267 : .263 : 


: flue gas: 100.000 618.859 : 609.109 ! 

___ I1________, ______________, _____ 

combustion is determined first: 

C + ::: C02 

12.011 2(15.9994 ) 44.010 

The coal analysis for this test has 38.689 % carbon on an as received 

basis. For a 100 kg of coal burnt, 

38.689 x 44.010/12.011 = 141.762 kg of C02 is produced. 

This is the maximum theoretical amount of CO2 that is produced. 
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Thus. if 22.907 % of a gas component = 141.762 kg, then 100 % of the 

total gas = 141.762/.22907 = 618.859 kg of the total dry flue gas 

for each 100 kg of coal. The other gas components' quantities can now 

be determined if the percentage of the component in (d) of the total 

in (e) is taken. 

If the practical case is to be evaluated, where incomplete combustion 

takes place, the following chemical equations are valid: 

2C + 02 = 2CO 

24.022 31.999 56.019 

2CO + 02 = 2C02 

44.010 31.999 88.018 

The above equations can be used to indicate incomplete combustion. 

The unburnt carbon is firstly subtracted from the carbon in the first 

equation, then the CO measured at the back-end (unburnt gas) is 

subtracted in the second equation. Both these entities reduce the 

possible amount of CO2 and thus the total amount of flue gas that can 

be formed, since less carbon directly combusts into C02. 

From the above equations the amount of CO formed is calculated by: 

CO = (ppm CO/1000000x100) x (28.013/Mmixture) x (flue gas/lOO kg coal) 
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the resulting C02 can now be calculated by: 

C02 =88.019/56.019 x [ 56.019/24.022 x (C - Cunburnt X ash% /100) 

- CO(as above)] 

with this new value of 002, a new value of flue gas is determined as 

above. This requires an iteration as in Table A.6: 

Table A.6: ITERATION FOR FLUE GAS, CO AND 002 

Parameter!Formula : Iteration 1: Iteration 2 Iteration 3 
I J • I I---------,--------1-------------,----------------1-----------------1

CO las above: 0 := f(flue gaS(l,):= f(flue gaS(2» :I 1 1 
--------_1 1 1 

C02 :as above: = f (CO( 1) ) = f (CO( 2) = f (CO( 3 ) ) : 
1 I I 

--------_1 I __________~--

flue gas las above: = f{C02(1) = f(002(2» = f(C02(3» 

Firstly, the CO is calculated as a function of the flue gas in the 

previous column (iteration). Then the C02 is calculated as a function 

of the CO in the same column (iteration). The flue gas is then 

calculated as a function of the 002 in the same iteration, all 

according to the formulae derived above. Iteration 1 is started by 

entering zero CO formed. The resulting C02 and flue gas will be equal 

to the theoretical amount. The iteration is then repeated until the 

values converge. 
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These final values can be seen in column (f) of Table A.5. It can be 

seen that the differences are not negligible. The resulting flue gas 

e.g. differs from the theoretical with almost 10 kg/lOa kg coal. This 

is necessary for the degree of accuracy needed especially to 

distinguish between the tests with high vs low excess air (producing 

high and low unburnt carbon and CO). 
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A.8: CALCULATED CALORIFIC VALUE OF COAL 

The calorific value (CV) of coal has always been a topic of 

contention. It has a significant impact on the accuracy of the 

thermal efficiency calculation caused by the sensitivity due to its 

relatively small amount of significant figures. The general 

simplified equation for overall thermal efficiency is (if no fuel oil 

is used): 

Electrical units sent out (USO) 
noverall ~ 

coal mass flow x CV 

The USO has a relatively large amount of significant figures, even if 

measured in MWh, and the measuring instrumentation (CT and VT) is 

relatively very accurate and reliable. The amount of significant 

figures in the coal mass flow is also favourable, as well as the mass 

flow when a high quality load cell mass meter is used under the 

conveyor belt. Accurate mass flow becomes a more difficult task when 

a volumetric feeder is used, more in the determination of an accurate 

and representative density of coal. This problem is discussed in the 

calculation methods in Chapter 6. Even so, the biggest problem 

regarding accuracy and representativeness remains the CV. 

The representivety is firstly a problem. This can largely be 

overcome by an accurate coal scanner which is able to cater for the 
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characteristics of the components of the specific coal range. This 

aspect is discussed in Chapter 7. After the representivety comes 

the issue of the bomb calorimeter. During the calculation phases 

discussed in Chapter 6, it was found that the CV values produced by 

the bomb calorimeters, from three different laboratories involved, 

differed on average and trend values to such an extent that 

unrealistic efficiencies emanated in various cases. The calculated 

efficiencies also exhibited such a great variance on successive 

reduced air flow tests that no optimum can be derived, hence the 

curves displaying a jagged pattern. 

After contemplation and literature survey on this issue(14,lS) the 

following arguments can be offered: 

The bomb calorimeter is an artificially ignited closed system 

process, not representing the actual case in the burner accurately, 

which would be closer represented by a flow process combustion chamber 

type testing method. 

It is stated(lS) that the bomb is actually only suitable for 

testing of substances less volatile than fuel oil. This would render 

virtually only the carbon as a separate substance suitable for testing 

in a bomb regarding this argument, but rule out all volatiles and the 

coal as a whole. 
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The bomb measures GCV since the latent energy of the moisture is 

recovered in the process over time. The combustion process and heat 

transfer in the furnace and gas passes would be closer represented by 

a NCV since only a portion of the super heat of the moisture is 

recovered, but no latent heat. 

The combustion in the bomb is a constant volume process while in 

the burner and furnace it would more closely be represented by a 

constant pressure process, thus NCVp rather than GCVv • 

The time consumed by ignition and combustion in the bomb is 

different to that in the burner and furnace, since it is triggered 

by an electric spark in the bomb but the ignition in the burner 

results from sustained exothermic heat transfer. 

Combustion in the bomb takes place under a different pressure and 

an artificial 02 atmosphere as opposed to the atmospheric air supply 

in the furnace. 

The bensoic tablet used for calibrating the bomb has a CV value 

roughly double that of the range of coal burnt at Lethabo, making the 

calibration less accurate. 

The above assists in the motivation to compile a CV calculation method 

that would produce more consistent, representative and realistic 
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values of CV for the tests. Each coal sample is divided into four 

parts. These four parts were intended for: 

- Moisture analysis 

- CV determination by bomb calorimeter 

- Ultimate analysis with an infra-red spectrograph 

- Referee sample for future reference 

The elemental analysis of the sample proved a lot more representative 

and realistic than the comparative values of CV determined by the 

bomb. It was therefore decided to derive a Dulong type formula where 

the specific CV value of an element was weighted with the percentage 

of the element in the ultimate analysis to produce an overall CV for 

the sample. (See Gill(14) Chapter 8, p303 - 306 and BS 1016(26) part 

16. ) 

The general formula (also used in Chapter 4 and accompanying 

appendices C, D and E) for converting air dried to as fired CV is: 

(100 - Total moisture) 
CVas fired = CVair dried X 

(100 - Inherent moisture) 

The Dulong type formula used to calculate the CV of the coal from the 

separate CV's of its constituents is: 

A - S9 



~~- ~.~" 

(C x 33.82) + (H 	x 143.050) + (S x 9.304) 
CVas fired = ----------------~-----------------~------

100 

where 33.82, 143.050 and 9.304 are the GCVv values tested separately 

for the elements of Carbon, Hydrogen and Sulphur respectively, 

under the conditions of Gross CV, constant volume process. The 

reason for doing this is to utilise the more realistic values of the 

ultimate analysis of the coal as opposed to the direct bomb CV. The 

value for carbon used is the total carbon, including that in 

volatiles, but excluding the carbonates (in ash and C02 gaseous 

form) , also supplied by the analysis. There is a value of 121.840 

MJ/kg available for the NCVp of hydrogen, but no equivalent values 

for carbon and sulphur. 

This formula differs from the similar one in Gill(14) in that the 

inherent oxygen in coal is not subtracted from the hydrogen (first 

divided by 8) since the way the ultimate analysis is done for these 

tests directly contains the free hydrogen available for combustion, 

and not that also contained in crystalline water. 

This value of GCVv is then converted to NCVp by means of the formula 

given in BS 1016(26): 

NCVp = GCVv 	 - (0.212 x H) - (0.024 x (Total moisture + 0.1 x Ash» 

- (0.0008 x 02) 
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The equivalent formula in Gill differs in the factor that is 

multiplied by the 02 % (0.0007 instead of 0.0008). This results in a 

very small difference in the final answer, but 0.0008 is preferred 

since Gill mentions approximations introduced into his formula for 

the average inherent oxygen content of UK coal. 

Concerning the representativeness of a specific parameter, it was 

found that even while the coal ordered and actually received varied in 

a narrow band of less than 2 MJ/kg per quality type, the individual 

tests showed a greater variance. The same holds for the ultimate 

analysis percentages of the elements. This is due to the fact that 

the qualities and analysis of the mass of coal supplied was given as 

averages of greater masses, while the sampling at the feeders during 

testing was less representative. 

By means of experimentation in the calculation method of Chapter 6 it 

was found that by using the actual test value of an entity (percentage 

of an element, etc.) on a one to one basis, the curve of efficiencies 

with varying excess air (coal quality and load kept constant), had a 

sharper peak, showing the much wanted apex or optimum easier. Some 

tests however, showed a too jagged image with this criteria. If the 

average value of all the tests for the day of a parameter of the coal 

qual i ty is used, the value seems more in line with the trend of the 

large batch of coal received. The curve is then smoother, showing 

evidence of more representivety regarding a macroscopic approach, 
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but often lacking the forming of an apex, being too smooth. 

The mentioned experimentation showed that the best of both the above 

extremes produced the most favourable results. This was achieved by 

biasing the daily average value of a parameter with a weighting of 

50% towards the specific test value. 
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A. 9 : .MOISTURE IN FLUE GAS 

Since all the calculations involving gasses (Chapters 4, 6 and 7, as 

well as accompanying appendices) are based on dry ash free principles, 

it was necessary to calculate the moisture in flue gas. For each and 

every test this calculation was done in the spreadsheets of Appendices 

F, G and H. 

The first moisture component entering the flue gas comes from the 

air supplied for combustion: 

Atmospheric air moisture = 00 x (Total aerofoil air + in-leakages) 

where 00 = kgwater vapour / kgair from the value as per Appendix A.2. 

The total aerofoil air plus the in-leakages (core air, mill seal air 

and aerofoil casing leakage) as per Appendix A.3.4 are used instead of 

the iterated combustion air. The reason for this was that the 

moisture in flue gas was needed where most of the flue gas 

measurements and analysis are made. That is where the air heater 

leakage has again joined up to the main stream of gas flow. The value 

will be accurate for A/HTR and ID discharge, with a small error at 

the economiser outlet. 

- The moisture in coal on an as fired basis also enters the flue gas: 

Total moisture in coal = coal mass flow x total moisture % 
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- The moisture resulting from 	the combustion of hydrogen: 

Moisture from combustion = 	mass flow of coal x % hydrogen in coal 

(as received basis) / 100 x 8.937 

The factor 8.937 comes from the amount of water resulting from the 

combustion of the amount of hydrogen in the coal analysis: 

2H2 + 02 = 2H20 

4(1.0079) + 2(15.9994) (36.030) 

4.032 + 2(15.9994) (36.030) 

i.e. 36.030 / 4.032 = 8.937 

- The moisture originating from the 	ash hopper: 

Moisture from Ash hopper = 5 	 (mass flow of coal x ash % / 100 

x 0.073 x 0.401) 

The total make-up water to the ash hopper is a measured average of 300 

litres / minute (= 5 kg/s) and consists of: 

- Potable water to the sealing 	trough 
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- Secondary CW to the hopper 

- Potable water to the quenching sprays 

The moisture in the bottom ash removed by the submerged scraper 

conveyor (Sse) must be subtracted from this figure. That is the 

moisture (40.1 % average as analysed by the laboratory) in the bottom 

ash component (7.3 %) of the total ash in the coal. The remainder of 

the water evaporates and rises into the flue gas. 

The fly ash contains crystalline water despite the high 

temperatures that it is subjected to prior to being sampled in the 

sampling matrix. This moisture can also be picked up in the sampler 

which is much cooler than the flue gas due to the fly ash being 

hydroscopic to an extent. The laboratory detects an average of 14.2 % 

moisture in fly ash during the unburnt carbon-in-ash analysis. 

(During the precipitator efficiency tests the fly ash bottom ash 

ratio was determined as 92.7 : 7.3 %). This moisture value has to be 

subtracted from the above sum total: 

Moisture in fly ash = coal mass flow x ash % /100 x 0.927 x 0.142 

The table below contains actual test values at 630 MW, high air flow. 

The values in brackets indicate the approximate percentage of the 

specific moisture component of the dry flue gas. 
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Table A.7: Moisture in flue gas 

Moisture origin Low grade Spec grade High grade 

+ Atmospheric air moisture 4.07 (l0.7) 3.98 (l0 .1) 4.53 (l2.1) 

+ Total moisture in coal 8.39 (22.1) 8.42 (22.3) 10.34 (27.6) 

+ Moisture from combustion 22.01 (57.9) 22.58 (57.4) 19.92 (53.1) 

+ Moisture from Ash hopper 3.60 (9.5) 3.70 (9.4) 4.23 (ll.3) 

- Moisture in fly ash 6.39 5.92 3.51 

Total moisture in flue gas 31.67 32.80 31.26 

Flue gas-Moist. corr. fact. 0.957 0.954 0.956 

Average correction factor 0.958 0.953 0.954 

The Flue gas moisture correction factor = 
1 - (total moisture in gas / (ID Dfg + total moisture in gas» 

It can be seen that the average moisture correction factor does not 

differ much between coal qualities and indicates that the moisture is 

approximately 5 % of the gas and thus not negligible. The moisture 

from combustion is highest and averages approximately 56%, followed 

by the moisture in coal (at ± 24%), followed by moisture in air (± 

11%) , followed by moisture from the ash hopper (at ± 9%). The tests 

were performed during a month of May in the Southern hemisphere 

presenting very dry air (¢ = 15%). Also, the lower loads are 

characterised by higher A/F ratios. It can thus be said that during 
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the summer months with relative humidities in excess of 80 % at times 

and especially at lower loads, the fraction of moisture from 

combustion air increases with the other sources decreasing 

proportionally. A trial calculation showed that the moisture from air 

exceeds the fraction of moisture from coal at times such as these. 
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APPENDIX B: OXYGEN AND TEMPERATIJRE BACK-END MONITORING 

B. 1 : ECONOMI SER OUTLET OXYGEN CORRECTIONS 

It was decided that for the degree of accuracy needed in these tests 

the percentage 02 volumetric correction factor was to be determined 

each day prior to testing. The reading was considered adequate and 

representative due to the sixteen point sampling matrix (Figure 3.30) 

that covered the duct area evenly and was tuned for isokinetic 

operational mode. The Zirconium type cell that is utilised at this 

sampling point measures the wet volumetric portion of oxygen in total 

flue gas and no moisture drier incorporated. 

The calibrations of the oxygen analysers is done with a portable Otox 

type oxygen analyser that is calibrated(22) in clean air and 

thereafter with specially prepared test gas containing 3 % 02. These 

instruments measure the dry volumetric percentage oxygen in flue gas, 

since they are fitted with silicon driers. The correction factor 

would then automatically incorporate the wet to dry correction factor 

and double compensation would be avoided. 

The weighting factors required to distinguish between the amount of 

left and right hand duct gas flow in order to obtain the total values 

of oxygen in flue gas at the economiser outlet are obtained from the 

traverse results as described in B.2 below. 
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B.2: AIR HEATER OUTLET SAMPLING POINTS 

Concerning the oxygen and temperature measuring points at the air 

heater outlet, the following is of importance: 

The measuring should be done after the primary duct has rejoined 

the secondary to take the total heat exchange into account. 

- Due to the geometry of the ducting it is only practically feasible 

to measure at the precipitator inlets where the ducts had split into 

four. 

The following point concerns the determination of the most 

representative measuring point in each of the four ducts by evaluating 

the results of a traverse done over sixteen points in each duct. The 

right hand inner duct is an exception however, since a support beam 

bars the entrance to the porthole at sampling position no. 

vertically. No traverse is done in that plane as the zero figures 

indicate in Table B.3 and Figure B.3. 

- The objective is also to determine the weight factor for each duct 

for calculating the oxygen and temperature of the total flow (all four 

ducts combined) as well as a derived weighting factor for the left and 

right-hand side. 
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The following tabular (Table B.1 through to Table B.4) and graphical 

presentations (Figure B.1 through to Figure B.4) for each of the four 

ducts show the determination of the measuring points and the weighting 

factors: 

- The matrix position. 


- Stagnation pressure. 


- Static pressure. 


- Dynamic pressure: difference between stagnation and static 


pressure. 


- Temperature measurement with thermo-couple. 


- A velocity weight factor: 


From Pdyn = 0,5 x density x V2 

V is proportional to {(Pdyn) 

To obtain a numerically convenient number it is multiplied by 100 

afterwards. 

The last column is then temperature weighted with this 

velocity-proportional value, which is proportional to the flow. 

The average of both the velocity weight factor and the weighted 

temperature values are then compared to the graphical presentation of 

the same and the most representative measuring point for both 

temperature and oxygen (i.e. where the main stream of flow occurs, 

mostly at the point with highest velocity) can judgementally be 
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allocated. The bold dot in the figure indicates that point. The 

measuring probes are then positioned at that matrix position indicated 

by the bold dot on each duct. 

The Otox oxygen analysers mentioned in Section B.1 above are utilised 

here. The values obtained here is thus dry volumetric. 

B.3: 10 FAN 0UfLET SAMPLING POINTS 

The oxygen content of the flue gas after the precipitators and the 10 

fans too are measured by the specially equipped mobile gas analysis 

caravan. These instruments incorporate gas coolers (cooling the gas 

to an equivalent of -10°C dew point), equivalent to total moisture 

removal. The value obtained can thus also be considered as dry 

volumetric. Calibration is done with specially prepared test gas in a 

laboratory beforehand. 

The weighting factors used (for left and right hand flow) to determine 

the total values of oxygen in flue gas at this point are also obtained 

from the weighting factor in the traverse results as described in B.2 

above. 
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Table B.1: LEFf HAND OUTER GAS DUCT TRAVERSE 

LH OUTER 


Matrix Pstag Pstat Pdyn Temp V-fact V-factxT 


A1 -1. 75 -1. 78 .03 124.30 17.32 2152.94 

A2 -1.66 -1. 78 .13 130.30 35.50 4625.19 

A3 -1.54 -1.69 .16 133.10 39.50 5257.03 

A4 -1.64 -1.66 .02 128.80 14.14 1821.51 

Bl -1.70 -1. 78 .08 122.50 27.39 3354.80 

B2 -1.68 -1.79 .11 131.10 33.17 4348.10 

B3 -1.67 -1.55 -.12 134.10 34.21 4586.93 

B4 -1.59 -1.72 .13 122.40 36.06 4413 .19 

C1 -1.53 -1. 74 .21 121.10 45.83 5549.50 

C2 -1.66 -1. 76 .10 127.60 31.62 4035.07 

C3 -1.60 -1. 71 .11 130.30 32.71 4262.22 

C4 -1.53 -1.67 .15 117.60 38.21 4493.49 

01 -1.72 -1.84 .13 117.80 35.36 4164.86 

02 -1.67 -1.77 .09 122.90 30.66 3768.04 

03 -1.63 -1. 73 .09 127.00 30.66 3893.75 

D4 -1.63 -1. 73 .10 116.50 31.14 3628.37 

SUM -26.19 -27.69 1.50 2007.40 513 .46 64354. 98 

AVERAGE -1.64 -1. 7J .09 125.46 30.65 125.34 

See overleaf for graphical view of above table 
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Table B.2: LEFT HAND INNER GAS DUCT TRAVERSE 

LH INNER 

Matrix Pstag Pstat Pdyn Temp V-fact V-factxT 

Al -1.59 -1.67 .09 123.10 29.33 3610.00 

A2 -1.61 -1.68 .07 144.80 25.88 3748.06 

A3 -1.53 -1.63 .10 149.10 31.30 4667.57 

A4 -1.59 -1.66 .07 151. 70 26.46 4013.60 

B1 -1.55 -1.64 .09 127.60 30.50 3891.28 

B2 -1.55 -1.66 .11 146.20 33.62 4914.58 

B3 -1.45 -1.67 .21 149.80 46.26 6929.77 

B4 -1.53 -1.64 .10 153.50 31.94 4902.40 

C1 -1.63 -1. 71 .08 120.10 27.75 3332.64 

C2 -1.58 -1.65 .07 145.00 26.46 3836.34 

C3 -1.58 -1.67 .09 150.00 30 4500 

C4 -1.49 -1.67 .19 153.00 43.01 6580.78 

01 -1.66 -1. 74 .08 120.30 28.81 3465.81 

02 -1.57 -1.64 .08 141.30 27.57 3895.37 

03 -1.61 -1.67 .06 151.40 24.49 3708.53 

D4 -1.60 -1.66 .06 152.10 25.10 3817.68 

SUM -25.11 -26.66 1.55 2279.00 488.47 69814.40 

AVERAGE -1.57 -1.67 .10 142.44 31.09 142.9~ 

See overleaf for graphical view of above table 
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Table B.3: RIGIIT HAND INNER GAS DUCT TRAVERSE 

RH INNER 

Matrix Pstag Pstat Pdyn Temp V-fact V-factxT 

Al -1.45 -1.96 .51 155.20 71.20 11050.85 

A2 -1.69 -1.92 .23 150.80 47.43 7153.07 

A3 
'l:. 
A4 -1.82 -1.90 .08 140.60 27.93 3926.74 

Bl -1.49 -1.91 .41 155.40 64.34 9998.88 

B2 -1. 73 -1.94 .22 152.70 46.37 7080.41 

B3 

B4 -1.87 -1.97 .10 139.90 31.62 4424.03 

Cl -1.79 -1.96 .18 155.60 42.19 6564.77 

C2 -1.84 -1.98 .15 153.10 38.08 5829.87 

C3 

C4 -1.86 -1.95 .10 139.10 31.30 4354.52 

01 -1.93 -2.02 .09 155.20 30.33 4707.45 

02 -1.87 -1.98 .12 154.20 34.35 5296.94 

03 

D4 -1.89 -1.98 .09 140.10 30 4203 

SUM -21.20 -23.46 2.26 1791. 90 495.16 74590.53 

AVERAGE -1.77 -1.96 .19 149.33 43.40 150.64 

See overleaf for graphical view of above table 
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Table B.4: RIGHT HAND OUTER GAS DUCT TRAVERSE 

RH OUTER 

Matrix Pstag Pstat Pdyn Temp V-fact V-factxT 

Al -1.80 -1.96 .16 134.80 40 5392 

A2 -1.88 -1.99 .11 130.20 33.62 4376.73 

A3 -1.89 -2.09 .20 127.00 44.38 5636.85 

A4 -1.92 -2.29 .37 120.40 61.07 7353.28 

Bl -1. 74 -2.03 .29 136.70 53.67 7336.09 

B2 -1.90 -1.99 .08 132.20 28.64 3785.63 

B3 -1.88 -2.09 .21 126.60 45.61 5773.85 

B4 -1.99 -2.33 .34 120.30 58.05 6983.62 

Cl -1.86 -2.00 .14 134.90 36.74 4956.54 

C2 -1.90 -2.01 .11 133.60 32.71 4370.17 

C3 -1.99 -2.10 .11 127.70 33.17 4235.33 

C4 -2.21 -2.34 .14 119.30 36.74 4383.36 

01 -1.87 -2.00 .13 134.15 35.36 4742.92 

02 -1.93 -2.00 .07 130.40 27.02 3523.21 

03 -1.98 -2.07 .09 123.40 29.50 3639.78 

D4 -2.24 -2.36 .12 113.90 34.21 3895.98 

SUM -30.98 -33.62 2.65 2045.55 630.47 80385.35 

AVERAGE -1.94 -2.10 .17 127.85 40.67 127.50 

See overleaf for graphical view of above table 
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APPENDIX C: LOW GRADE COAL LIMITS 

The determination of the characteristic values for the selection of 

the low grade coal were done first, by means of iterative calculating 

spreadsheets. The objective here was to test coal with as low as 

possible quality that could safely be burnt in the Lethabo furnaces 

without loss of ignition. The consecutive columns in the applicable 

spreadsheets (Table C.l, Table C.2 and Table C.3) contain the 

following values or formulae: (See nomenclature for explanation of 

abbreviations or list of symbols.) 

LOAD [%] 


Five equal increments of load to be tested were entered over the span 


from the selected maximum to minimum loads. 


usa [MW] =LOAD % / 100 x 593 

593 MW is the nominal design MeR USO. 

UNITS GENERATED [MW] =usa + 25 

25 MW is the approximate nominal auxiliary electrical power 

consumption for one unit. This is not exactly true for all loads 

since certain auxiliary plant consume power directly proportional to 

the unit load (fans etc.). There are however other auxiliary power 

consumers that consume constant load (mills, CW pumps, lubricating and 

jacking oil pumps, etc.). The above approximation is adequate for 

this exercise since only an indication of UG is needed for 
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operational purposes during testing, but USO is used in calculations. 

EFFICIENCY [%] 

Only monthly averages and seasonal trends of overall thermal 

efficiency values were available from STEP history for the 

calculations in these spreadsheets. Accurate values for a specific 

uni t (vs. the whole station) , steady load (vs. AGe) , overall 

efficiencies per load for the whole unit (vs. boi ler or turbine 

separately) etc. were not known-at that point in time. Many of these 

were intended to be determined in this project. 

BOILER LOAD [MIN] = uso / EFFICIENCY x 100 

MILLS Us 

The anticipated (some cases hypothetical) number of mills i/s were 

entered at each load. Where the number of mills was entered more than 

once, it was to cater for various combinations of mill biasing. 

MILLS BIASED 

Often, one or two of the top mills are biased down to reduce the 

chances of metal temperature excursions, or a bottom mill can be 

biased up to improve evaporation. The remainder of the mills should 

make up the load difference to achieve the initial load set-point. 

The effect of biasing was brought into these calculations on each mill 

combination. 
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NOMINAL LOAD PER MILL [MW] = BOILER LOAD [MW] / AKXJNT OF MILLS IN 

SERVICE 

LOAD PER MILL BIASED OOWN (-) [MW] = NOMINAL LOAD PER MILL [MW] x 

0.967 

Tests were carried out prior to the main tests on the unit to 

ascertain the amount of mill load change (PA flow and feeder speed) 

due to a certain degree of biasing. The maximum percentage biasing 

available on these units range between 35 60 % (an unbiased or 

nominal mill setting is 50%). The maximum bias that would be applied 

to a mill during operation resulted in a load reduction of 3.3% 

(corresponding to a 35% down bias). This implies that the mill will 

be operating at 96.7% of its load setting. 

From experience with Lethabo coal, it is too Iowa burner load that 

poses a danger in terms of loss of ignition during the combustion of 

low grade coal. Therefore the biasing up (+) of mills will be 

considered only at the calculation of the high grade coal qualities. 

NOMINAL LOAD PER BURNER WIlli NORMAL DIS'IRIBUI'ION [MW] =NOMINAL LOAD 

PER MILL [MW] / 6 

Six burners are served by one mill. This would be the load per burner 

when equal distribution of PA flow, pf flow and pf size occurs. (The 

ideal case, not found in practice.) 
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LOAD PER BURNER. OF A DOWN BIASED MILL (-) WITH NORMAL DISTRIBUfION 

AK)OOST BURNERS [MW] = LOAD OF A DOWN BIASED MILL [MW] / 6 

Results of tests performed at Lethabo on Units 1 and 3 were used to 

determine an order of magnitude for any mal-distribution of pf amongst 

burners for these furnaces(12). These furnaces performed very well 

since the worst figures obtained for leanest and richest running 

burners compared very favourably to other furnaces in general. These 

figures amounted to -5,308 and +6,153 percent deviation from the 

average respectively, resulting in the factors for multiplying the 

nominal distribution burner loads below. 

NOMINAL LOAD PER BURNER. WITH LEAN MALDISTRIBUfION (-) [MW] = NOMINAL 

LOAD PER BURNER. WITH NORMAL DISTRIBUfION [MW] x 0.94692 

LOAD PER BURNER OF A MILL BIASED DOWN ( - ) AND WIm LEAN 

MALDISTRIBUfION (-) [MW] = LOAD PER BURNER OF A MILL BIASED DOWN (-) 

AND WIm NORMAL DISTRIBUfION [MW] x 0.94692 

PERCENTAGE BURNER. LOAD (-) = LOAD PER BURNER BIASED DOWN (-) AND WITH 

LEAN MALDISTRIBUfION (-) [MW] / 56 x 100 

The nominal load per burner for the Lethabo furnaces are 56 MW, based 

on 5 mills i/s at MeR. 
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PF FINENESS, % PASSING THROOOH A 75 ~ SIEVE =-0.94523 x PA FLOW + 

107.55111 

The unit 1 mill performance since day one (with seasoned and 

established ball charge) was plotted as a scatter graph of pf fineness 

(percentage passing through a 75 ~ sieve) as a function of PA flow 

(kg/s) (see Figure 4.1). A linear regression of these points produced 

a y = mx + c graph with values as above. This method was used to 

obtain a forecast of what the pf fineness would be at a certain PA 

flow. The pf fineness as variable was to be eliminated as much as 

possible in these tests, as explained in chapter 4.1. 

PA FLOW [kg/s] 

A base minimum value of PA flow (± 20 kg/s) , within the mill operating 

range, is entered was all the rows of this column as the independent 

variable from which this automatic iteration was started. For a given 

PA flow, a percentage feeder speed is calculated from y = mx + c 

(see figure 4.2): 

PA = % feeder speed x 0.28571 +17 1429 

Then for this percentage feeder speed a coal flow is calculated also 

from a linear regression y = mx + c (see figure 4.3): 

% feeder speed = Coal flow x 0.9302 
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For this coal flow a nominal mill load [MW] can be calculated for a 

certain CV [MJ/kg]: 

Coal flow [kg/s] x CV [MJ/kg] =mill load [MW] 

Decreasing values of coal CV is then entered alternatively into the 

iteration formula automatically (this iteration column is not shown on 

the spr~adsheet) and each time the PA flow will be increased in small 

increments of 0.01 up to a value where all the equations below are 

satisfied, with corresponding pf fineness. Extremes of burner loads 

etc. is also calculated automatically as in the equations of the 

columns above. The limiting factors are too high heat release per 

burner for the high CV coal and too low burner load resulting in loss 

of ignition for the low CV coal, where "NO GO" is flagged in the 

appropriate columns below where these limits are exceeded. Feasible 

combinations of mills in service for all coal qualities and loads can 

then be chosen where the expected pf fineness is as constant as 

possible, thus eliminating it as a variable, as much as is 

practically possible. 

LOWER CV NOMINAL AS FIRED [MJ/kg] 

=MILL LOAD [MW] / «PA FLOW - 17.1429) / 0.26577 x 2 x 3.6) 

This y = mx + c type equation is derived from the combined equations 

of figures 4.2 and 4.3 (see PA FLOW and the iteration explanation 
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above). The numerator 2 in the above equation is to obtain the flow 

for both feeders and the 3.6 is to convert tons/h to kg/so 

INHERENT MOISTURE [%] = -0.4074 x NOMINAL CV AS FIRED + 10.796 

Only an indication of this value is needed. It is determined from an 

average obtained from Lethabo coal statistics and expressed in a 

linear relationship as a function of CV. 

TOTAL MOISTURE [%] = -0.8888 x NOMINAL CV AS FIRED + 23.555 

Also, only an indication of this value is needed. It is determined 

from an average obtained from Lethabo coal statistics and expressed in 

a linear relationship as a function of CV. 

LOWER CV NOMINAL AIR DRIED [MJ/kg] 

= LOWER CV NOMINAL AS FIRED [MJ/kg] x (100 - INHERENT MOISIURE) / 

(100 - TOTAL MOISTURE) 

Standard formula. 

LOWER CV LIMIT AIR DRIED (MJ/kg] =	IF BURNER LOAD % < 50%, "NO GO" 

IF BURNER LOAD % < 70%, 15 MJ/kg 

IF BURNER LOAD % < 100%, 14.5 MJ/kg 

IF BURNER LOAD % < 125%, 13.5 MJ/kg 

The first three criteria are taken from the Burner Stability diagram 

(Figure 4.4). It emanates from the Lean Coal tests(3). It prescribes 

that a Lethabo burner should never be operated below 50% load in order 
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to maintain ignition, or only below 70% load if the coal CV is 15 

MJ/kg or above (with the corresponding HIV minimum value, see below), 

etc. The 125% burner load is the maximum burner load permissible, 

obtained from the supplier, for the purposes of these tests. 

LOWER HIV LIMIT [%] = IF BURNER LOAD % < 50%, "NO GO" 

IF BURNER LOAD % < 70%, 22 % 

IF BURNER LOAD % < 100%, 21 % 

IF BURNER LOAD % < 125%, 19 % 

Similar to the minimum permissible CVvs. burner load as above, this 

criteria is also taken from the Burner Stability diagram (Figure 4.4), 

emanating from the Lean Coal tests(3). 

LOWER VOLATILE LIMIT AIR DRIED [%] =LOWER HIV LIMIT AIR DRIED [%] x 

0.146 + 15.308 

This value is determined from an average obtained from Lethabo coal 

statistics and expressed in a linear relationship as a function of 

HIV. This is not always true for Lethabo coal, since certain 

volatiles are inert (as discussed in Chapter 4.1). This is only done 

to obtain an approximate value for this parameter for the purposes of 

coal ordering. 
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LOWER VOLATILE LIMIT AS FIRED [%] = LOWER VOLATILE LIMIT AIR DRIED 

[%] x (100 - TOTAL MJISTURE) / (100 - INHERENT MJISTURE) 

Standard formula. 

LOWER CV AIR DRIED CRITERIA = IF THE LOWER CV NOMINAL AIR DRIED ?::: 

LOWER AIR DRIED CV LIMIT, PRINT 11IAT VALUE OF CV, OTHERWI SE "NO GO" 
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Table C.I: ITERATION POR LOIEST POSSIBLE LIMIT OF COAL QUALITY 

LOAD USO UNITS EFFICIENCY BLR MILLS MILLS LOAD LOAD MY MY Iff III S PA FLOW LOWER CV LOWER ,LOWER LOWER CV LOIER CV LOWER HI VLOWER VOL LOWER VOL LOIER CV 

~ MI GEN 
MY 

~ LOAD 
Ni 

lis BIASED IMILL /MILL /BORNER IBURNER 
NONINAL -BIASED NOMINAL -BIASED 

/BURNER 
NOMINAL 

/BURNER BURNER Pf FIN 
-BIASED LOAD S<75~1 

/MILL 
his 

NOMINAL INHERENT TOTAL NOMINAL LINIT 
AS FIRED MOISTURE NOISTURE AIRDRIED AJRORIED 

LINIT 
AIRDRIED 

LINIT 
AIRDRIED 

LINIT 
AS 

NI NI DISTR DISTR -MALOISTR -MALOISTR H LOm CV MJ/kg S NONINAL MJ/kg NJ/kg NJ/ig S S 

35,06 1725 288 278 48 46 45 44 m 82 27.30 13.54 5.3 11.5 14.50 14,5 21 18.37 17 .16 NO GO 
35.06 1725 J45 3J4 58 56 54 53 m 80 29.33 13.55 5.3 11.5 IUD 14,5 21 18.37 17,16 14.50 
35.06 1725 345 134 58 56 54 53 m 80 29J3 13.55 5.J 11.5 14.50 14.5 21 18.37 17.16 14.50 

1725 411 417 72 70 68 66 119S 77 3US 13.54 S.J 11.5 14050 13. 5 19 18.08 16.89 IUD 
630 35.06 1725 431 417 72 70 68 66 1l9S 77 32.38 13.54 U 11.5 lUO 13.5 19 18.08 16.89 14 .50 

89 525 550 35.25 1489 2 248 240 41 40 39 38 68' 83 25.91 13.54 U 11.5 14.50 15.0 22 18.52 17.30 NO GO 
89 525 550 35.25 1489 1 298 288 50 48 47 45 sa 81 27.66 13.55 5,3 11.5 14.50 14.5 21 18.37 17 .16 lUO 
89 525 SSO 35.25 1489 2 298 288 50 48 47 45 sa 81 27.66 13.55 5.3 11.5 lUO 14.5 21 18.l7 17.16 14 
89 m 550 35.25 1489 1 J72 360 62 60 59 57 102% 79 30.29 13.55 5.3 11.5 14050 13,5 19 18.08 16.89 14.50 
89 m 550 35.25 1489 2 J72 360 62 60 59 57 102i 79 30.29 13,55 5.J 11,5 14.50 13.5 19 18.08 16,89 14050 

() 

80- 800 

m 500 
m 500 

35.37 
35.37 

1343 
1343 

6 
5 

224 
269 

216 
260 

J7 
45 

36 
43 

35 
42 

34 
41 

m 
74~ 

84 
82 

25.05 
26.63 

13.54 
13.54 

5.3 
U 

11.5 
11.5 

IUD 
IUD 

15.0 
lU 

22 
21 

18.52 
18, J7 

17,30 
17.16 

80 m 500 35J7 134) 5 269 260 45 43 42 41 m 82 26.63 13.54 5J 11.5 14.50 1405 21 18.37 17.16 
80 m 500 35.37 1343 4 336 J25 56 54 53 51 m 80 29.00 13.55 5J 11.5 14.50 14.5 21 18.37 17.16 
80 475 500 )5.37 1343 4 336 m 56 54 53 51 m 80 29.00 13.55 5.3 11.5 14.50 14.5 21 18.37 17.16 

12 425 450 35.40 1201 6 200 194 JJ 32 32 31 m 85 24,21 13,55 5J 11.5 14.50 15.0 22 18.52 17. )0 NO GO 
72 425 450 35.40 1201 5 240 232 40 39 38 37 66~ 83 25.63 13.5) 5.3 11.5 14.49 15.0 22 18.52 17 .30 NO GO 
72 425 450 35.40 1201 5 240 232 40 39 38 37 66S 83 25.63 13,53 5.J 11.5 14.49 15.0 22 18.52 17.30 NO GO 
72 425 450 35.40 1201 4 300 290 50 48 47 46 83S 81 27.74 13.55 5.J 11.5 14.50 14,5 21 18.37 11.16 lUO 
12 425 450 )5.40 1201 4 300 290 50 48 47 46 au 81 27.74 13.55 U 11.5 14.50 14.5 21 18.37 17.16 14.50 
72 425 450 3UO 1201 3 400 387 67 65 63 61 110% 78 31.28 13.54 5.3 11.5 14.50 13.5 19 18.08 16.89 14.50 

63 375 400 35.33 1062 6 2 177 171 29 29 28 27 m 85 2U9 IUS 5.3 11 14.50 NO GO NO GO 
63 375 400 35.33 1062 5 1 212 205 35 34 34 n m 84 24.64 13.55 5.J 11.5 14.50 15.0 22 18.52 17.30 NO GO 
63 m 400 35.33 1062 5 2 212 205 35 34 J4 J2 58% 84 24,64 13.55 5.J 11.5 14.50 15.0 22 18.52 17.30 NO GO 
63 J75 400 35.33 1062 4 1 265 251 44 43 42 41 m 82 26.52 13.54 5.J 11.5 14.49 14,5 21 18.37 17.16 NO GO 
6) 375 400 35.J3 1062 4 2 265 257 44 43 42 41 73S 82 26.52 13.54 5.J 11.5 14.49 IU 21 18.37 17.16 NO GO 
63 J75 400 35.33 1062 3 354 342 59 57 56 54 m 80 29.64 lU5 5.J 11.5 14,50 14.5 21 18.37 17,16 14.50 



Table C.2: ITERATION FOR LOIER LIMIT OF COAL TO BE ORDERED 

LOAD USO UNITS EFFICIENCY BLR MILLS MILLS LOAD LOAD Ni Ni Ni Ni S PA FLOW LOIER CV LOIER LOIER LOIER CV LOIER CV LOIER HI VLOIER VOL LOIER VOL LOIER CV 
X Ni GEN X LOAD liS BIASED IMILL /MILL /BURHER IBURNER /BURNER /BURNER BURNER Pf FIN /MILL NOMINAL INHERENT TOTAL NOMINAL LIMli LIMIT LIMIT LIMIT 

Wi Wi NOMINAL -BIASED NOMINAL -BIASED 
Ni Ni DISTR DISTR 

NONINAL -BIASED LOAD 
-MALDISTR -MALDISTR H 

1<1S~. kg/s AS FIRED MOISTURE MOISTURE AIRDRIED AIRDRIED 
LOIER CV MJ/kg X NOMINAL MI/kg MI/kg 

AIRDRIED 
MI/kg 

AIRDRIED 
X 

AS FIReD CRITERIA 
*1 

102 605 630 35.06 1125 2 288 218 48 46 45 44 19S 82 26,11 lU8 4.9 10.8 15.320 14.5 21 18. J1 11.25 15.)2 
102 605 630 35,06 1725 I 345 334 58 56 54 53 95% 80 28,63 14.31 4.9 10.8 15.31 IU 21 18.31 11.25 lUI 
102 605 630 35,06 1125 2 m m 58 56 54 53 95S 80 28.63 14.31 4.9 10.8 lUI IU 21 18,31 11.25 15.31 

605 630 35.06 1125 I 431 417 12 70 68 66 119S 78 31. 49 IU8 4.9 10.8 15.32 u.s 19 18.08 16.97 15.32 
605 630 35,06 1125 2 431 411 12 10 68 66 119S 18 31.49 IU8 4.9 10,8 15.32 13.5 19 18.08 16.91 15.32 

89 525 550 35.25 1489 2 248 240 41 40 39 38 68S 84 25.40 14.18 U 10.8 15.32 15.0 22 18.S2 11.38 15.32 
89 525 550 35.25 1489 1 298 288 50 48 47 45 82S 82 27,06 14.31 4.9 10.8 15.31 14.5 21 18.37 17.24 15.31 
89 m 550 35.25 1489 2 298 288 SO 48 47 45 82S 82 27.06 14.31 4.9 10.8 lUI 1405 21 18.31 17.24 lUI 
89 m 550 35.25 1489 I 312 360 62 60 59 51 102S 80 29.s3 14.38 4.9 10.8 15.32 13.5 19 18,08 16.91 15,32 
89 m 550 35.25 1489 2 J12 360 62 60 59 51 102S 80 29.53 14.18 4.9 10,8 15,32 lU 19 18.08 16.91 15.32 

n 

80 415 500 35.31 1343 6 224 216 37 36 35 34 m 84 24.59 IU8 4.9 10.8 15.32 15.0 22 18.52 17.38 15.32 .... .... 80 475 500 lS.37 1343 5 269 260 45 43 42 41 m 83 26.08 lU8 4.9 10.8 15.32 14,5 21 18.31 17.25 15.32 
80 475 500 35.37 1343 5 269 260 45 43 42 41 741 83 26.08 lU8 4.9 10.8 15.32 14.5 21 18,37 11.25 15.32 
80 415 500 35.37 1343 4 336 m 56 54 53 51 m 81 28.31 lU8 4.9 10.8 15.32 14,5 21 18.37 17.25 15.J2 
80 m 500 35.37 1343 4 336 325 56 54 53 51 92% 81 28.31 IU8 4.9 10.8 15,32 14.5 21 18.31 17,25 15.32 

72 m 450 35.40 1201 6 200 194 33 32 32 31 m 85 23,80 14.38 4,9 10.8 15.32 15,0 22 18.52 17.38 15.32 
12 m 450 35.40 1201 5 240 232 40 39 38 31 66S 84 25.13 14.38 4.9 10.8 15.32 15.0 22 18.52 11.38 15. J2 
72 425 450 35.40 120 I 5 240 232 40 39 38 37 66X 84 25.13 14,38 4.9 10.8 15.32 15,0 22 18.52 17.38 15. J2 
72 425 450 35.40 1201 4 300 290 50 48 41 46 m 82 27.13 IU8 4.9 10.8 15.32 14.5 21 18.37 11.25 15.32 
72 425 450 35.40 1201 4 300 290 50 48 41 46 m 82 27.13 14.38 4.9 10.8 15.)2 IU 21 18.37 11.25 15.32 
12 425 450 35.40 1201 3 400 381 61 65 63 61 110S 19 30.46 14.38 4.9 10.8 15.32 13.5 19 18,08 16.97 15.32 

63 
63 

315 
375 

400 
400 

35.33 
35.33 

1062 
1062 

6 
5 

111 
212 

171 
205 

29 
lS 

29 
J4 

28 
34 

27 
32 

m 
58S 

86 
85 

23.03 
24.21 

14.38 
14.37 

4,9 
4.9 

10.8 
10,8 

15.32 
15.31 

NO GO 
15.0 

NO GO 
22 

'VALUE! 
18.S2 

'VALUE! 
11.J8 

'N/A! 
15.31 

63 m 400 35.33 1062 5 212 205 35 J4 34 n 581 85 2UI 14.37 4,9 10,8 15.31 15.0 22 18,52 11.38 15,31 
63 315 400 35.n !0~2 4 265 251 44 43 42 41 m 83 25.98 14.37 4.9 10.8 15.31 lU 21 18.37 17.24 15.31 
63 m 400 35.33 1062 4 265 257 44 43 42 41 m 83 25.98 14.31 4.9 10.8 15.31 IU 21 18.37 17,24 15.31 
63 m 400 35.J3 1062 3 354 342 59 57 56 54 m 80 28.92 14.37 4.9 10.8 lUI 14.5 21 18.31 17.25 15.31 



ITERATION FOR LOWER LINIT OF ACTUAL TEST COAL 


LOAD USO UNITS EFFI CIENCY BLR MILLS MILLS LOAD LOAD iii iii NY NY I PA FLOW LOWER CV LOWER LOWER LOWER CV LOWER CV LOWER HIV LOWER VOL LOWER VOL LOWER CV 
% Wi GEN % LOAD liS BIASED IMILL IN ILL IBURNER IBURNER IBURNER IBURNER BURNER Pf FIN /MILL IIOMINAL IlfflERElIT TOTAL NOMINAL LIMIT LIMIT LIMIT LIMIT AIRDRIED 

NY lIi NOMINAL -BIASED IIOMINAL -BIASED 
lIi lIi DISTR DISTR 

NOMINAL ·BIASED LOAD 
-MALDISTR -NALDISTR H 

X<75~1 kg/s AS FIRED MOISTURE MOISTURE AIRORIED AIRDRIED 
LOWER CV MJ /kg % lION INAL MJ/kg MJ/kg 

AlRDmD 
MJ/kg 

AIRDmO 
% 

AS FIRED CRITERIA 
*% 

102 605 630 35.06 1725 2 288 278 48 46 45 44 791 82 26.55 14.62 3.2 8.4 15.462 14.5 21 18.37 17.38 15.46 
102 605 630 35.06 1725 I J45 334 58 56 54 53 95% 81 28.43 14.63 3.2 8.4 15.46 14,5 21 18.37 17.38 15.46 

605 630 35.06 1125 2 345 334 58 56 54 53 m 81 28.43 14.63 3.2 8.4 15.46 14.5 21 18.37 17.38 15.46 
605 630 35.06 1725 1 431 417 72 70 68 66 119% 78 31.25 14.63 3.2 8.4 15.47 13.5 19 18.08 17.10 
605 630 35.06 1725 2 431 417 72 70 68 66 119% 78 31.25 14.63 3.2 8.4 15.47 13.5 19 18.08 17.10 15.47 

89 m 550 3U5 1489 6 2 248 240 41 40 39 38 68% 84 25.26 14.63 3.2 8.4 15.47 15.0 22 18.52 11.52 15.47 
89 525 550 35.25 1489 5 1 298 288 50 48 47 45 82% 82 26.89 14.62 J.l 8.4 15.46 14,5 21 18.31 17.38 15.46 
89 525 550 35.25 1489 5 2 298 288 50 48 47 45 m 82 26.89 14.62 3.2 8.4 15.46 14.5 21 18.37 17.38 15.46 
89 525. 550 35.25 1489 4 1 m 360 62 60 59 57 102% 80 29.32 14.63 3.2 8.4 15.47 13.5 19 18.08 17.10 15.47 
89 52S 550 35.25 1489 4 2 m 360 62 60 59 57 102~ 80 29.32 14.63 3.2 8.4 15.47 13.5 19 18.08 17.10 15.47 

('j 

80 475 500 35.37 1343 6 2 224 216 37 36 35 34 62% 84 24.47 14.61 3.2 8.4 15.45 15.0 22 18.52 11.52 15.45 .... 
N 80 m 500 35.37 1343 5 1 269 260 45 43 42 41 74% 83 25.93 14 .62 3.2 8.4 15.46 14,5 21 18.37 11.38 15.46 

80 415 500 35.37 1343 5 2 269 260 45 43 42 41 14% 83 25.93 14.62 3.2 8.4 15.46 14.5 21 \8.37 17.38 15.46 
80 415 500 35.37 1143 4 I 336 J25 56 54 53 51 m 81 28.13 14.62 l.2 8.4 15.46 14.5 21 18.37 17.38 15.46 
80 415 500 35.37 1343 4 2 336 325 56 54 53 51 92% 81 28.13 14.62 J.2 8.4 15.46 14.5 21 18.37 17.38 15.46 

72 425 450 35.40 1201 6 2 200 194 33 32 32 31 m 85 23.69 14.62 3.2 8.4 1S.46 15.0 22 18.52 17.52 15.46 
72 425 450 35.40 1201 5 1 240 232 40 39 38 37 66% 84 25.00 IU2 3.2 8.4 15.46 15.0 22 18.52 17.52 15.46 
72 425 450 35.40 1201 5 2 240 232 40 39 38 37 66~ 84 25.00 14.62 3.2 8.4 15.46 15.0 22 18.52 17.52 15.46 
72 425 450 3S.40 1201 4 1 300 290 SO 48 47 46 m 82 26.96 14.63 3.2 8.4 15.46 14.5 21 18.37 17.38 15.46 
72 US 450 35.~0 120 I 4 2 300 290 SO 48 47 46 83~ 82 26.96 14.63 3.2 8.4 15.46 14.5 21 18.37 17.38 15.46 
72 425 450 35.40 1201 3 I 400 381 67 65 63 61 110~ 79 30.23 14 .63 3.2 8.4 15.47 13.5 19 18.08 17.10 15.41 

63 m 400 35.33 1062 6 2 177 171 29 29 28 21 49~ 86 22.93 14.63 3.2 8.4 15.46 NO GO NO GO 
63 J15 400 35.33 1062 5 1 212 205 35 34 34 32 581 85 24.09 14.62 3.2 8.4 15.46 15.0 22 18.52 17.52 
63 m 400 35.J3 1062 5 2 212 205 35 34 34 J2 58~ 85 24.09 14.62 3.2 8.4 15.46 15.0 22 18.52 17.52 
63 m 400 35.33 1062 4 1 265 257 44 43 42 41 731 83 25.83 14.61 3.2 8.4 15.45 14.5 21 13.37 17.38 15.45 
63 375 400 35.33 106~ 4 2 265 257 44 43 42 41 m 83 25.83 lUI 3.2 8.4 15.45 IU 21 18.37 17.38 15.45 
63 375 400 35.33 1062 3 1 354 342 59 57 56 54 97~ 80 28.72 14.62 3.2 8.4 15.46 1405 21 18.37 17.38 15.46 





APPENDIX 0: HIGH GRADE COAL LIMITS 

The determination of the characteristic values for the selection of 

the high grade coal were done after that of the low grade coal, also 

by means of iterative calculating spreadsheets. The anticipation here 

was to test coal with as high as possible quality that could safely be 

burnt in the Lethabo furnaces without burner damage or exceeding the 

heat transfer per unit area of the furnace wall. The consecutive 

columns in the applicable spreadsheets (Table 0.1, Table 0.2 and 

Table 0.3) contain the following values or formulae: (See nomenclature 

for explanation of abbreviations or list of symbols.) 

LOAD [%] 


Five equal increments of load to be tested were entered over the span 


from the selected maximum to minimum loads. 


USO [MW] = LOAD % / 100 x 593 

593 MW is the nominal design MCR USO. 

UNITS GENERATED [MW] = USC + 25 

25 MW is the approximate nominal auxiliary electrical power 

consumption for one unit. This is not exactly true for all loads 

since certain auxiliary plant consume power directly proportional to 

the unit load (feedpumps, fans etc.). There are however other 

auxiliary power consumers that consume constant load (mills, CW pumps, 
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lubricating and jacking oil pumps~ etc.}. The above approximation is 

adequate for this exercise since only an indication of UG is needed 

for operational purposes during testing~ but usa is used in further 

calculations here. 

EFFICIENCY [%] 

Only monthly averages and seasonal trends of overall thermal 

efficiency values were available from STEP history for the 

calculations in these spreadsheets. Accurate values for a specific 

unit (vs. the whole station), steady load (vs. AGe), overall 

efficiencies per load for the whole unit (vs. boiler or turbine 

separately) etc. were not known at that point in time. Many of these 

were intended to be determined in this project. 

BOILER LOAD [MW] = USO I EFFICIENCY x 100 

MILLS its 

The anticipated (some cases hypothetical) number of mills ils were 

entered at each load. Where the number of mills was entered more than 

once, it was to cater for various combinations of mill biasing (see 

below) . 

MILLS BIASED 

aften~ one or two of the top mills are biased down to reduce the 

chances of metal temperature excursions, or a bottom mill can be 

biased up to improve evaporation. The remainder of the mills should 
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make up the load difference to achieve the initial load set-point. 

The effect of biasing was brought into these calculations on each mill 

combination. 

NOMINAL LOAD PER MILL [MW] = BOILER LOAD [MW] / AK>UNT OF MILLS IN 

SERVICE 

Tests were carried out prior to the main tests on the unit to 

ascertain the amount of mill load change (PA flow and feeder speed) 

due to a certain degree of biasing. The maximum percentage biasing 

available on these units range between 35 60 % (an unbiased or 

nominal mill setting is 50%). The maximum bias that would be applied 

to a mill during operation resulted in a load reduction of 3.3% 

(corresponding to a 35% down bias). This implies that the mill will 

be operating at 96.7% of its load setting. 

From experience with Lethabo coal, it is too Iowa burner load that 

poses a danger in terms of loss of ignition during the combustion of 

low grade coal. Therefore the biasing up (+) of mills will be 

considered only at the calculation of the high grade coal qualities. 

LOAD PER MILL BIASED UP (+) [MW] = (BOILER LOAD - LOAD PER MILL BIASED 

DOWN x MfJUNT OF MILLS BIASED DOWN) / (MILLS i/s - .MKXJNT OF MILLS 

BIASED DOWN) 

D - 3 




The above simply calculates the resulting load of the remainder of the 

mills that would automatically pick up load due to the load reduction 

of the mills biased down. This has also been verified by testing. 

NOMINAL LOAD PER BURNER WITH NORMAL DISTRIBUTION (MW] = NOMINAL LOAD 

PER MIll. [MW] / 6 

Six burners are served by one mill. This would be the load per burner 

when equal distribution of PA flow, pf flow and pf size occurs. (The 

ideal case, not found in practice.) 

LOAD PER BURNER OF AN UP BIASED MIll. (+) WITH NORMAL DISTRIBUfION 

AMONGST BURNERS [MW] = LOAD OF AN UP BIASED MIll. [MW] / 6 

Results of tests performed at Lethabo on Units 1 and 3 were used to 

determine an order of magnitude for any mal-distribution of pf amongst 

burners for these furnaces(12). These furnaces performed very well 

since the worst figures obtained for leanest and richest running 

burners compared very favourably to other furnaces in general. These 

figures amounted to -5,308 and +6,153 percent deviation from the 

average respectively, resulting in the factors for multiplying the 

nominal distribution burner loads below. 

NOMINAL LOAD PER BURNER WITH RICH MALDISTRIBUfION (+) [MW] = NOMINAL 

LOAD PER BURNER WITH NORMAL DISTRIBUfIO~ [MW] x 1.06153 
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LOAD PER BURNER OF A MILL BIASED UP (+) AND WITH RICH MALDISTRIBUfION 

(+) [MW] = LOAD PER BURNER OF A MILL BIASED UP (+) AND WITH NORMAL 

DISTRIBUfION [MW] X 1.06153 

PERCENTAGE BURNER LOAD (+) = LOAD PER BURNER BIASED UP (+) AND WITH 

RICH MALDISTRIBUfION (+) [MW] / 56 x 100 

The nominal load per burner for the Lethabo furnaces are 56 MW, based 

on 5 mills i/s at MeR. 

PF FINENESS, % PASSING THROlX3H A 75 ~ SIEVE = -0.94523 x PA FLOW + 

107.55111 

The unit 1 mill performance since day one (with seasoned and 

established ball charge) was plotted as a scatter graph of pf fineness 

(percentage passing through a 75 ~ sieve) as a function of PA flow 

(kg/s) (see Figure 4.1). A linear regression of these points produced 

a y = mx + c graph with values as above. This method was used to 

obtain a forecast of what the pf fineness would be at a certain PA 

flow. The pf fineness as variable was to be eliminated as much as 

possible in these tests, as explained in chapter 4.1. 

PA FLOW [kg/s] 

A base minimum value of PA flow (± 20 kg/s) , within the mill operating 

range, was entered in all the rows of this column as the independent 

variable from which this automatic iteration was started. For a given 

PA flow, a percentage feeder speed is calculated from y = mx + c 
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(see figure 4.2) 

PA =% feeder speed x 0.28571 +17 1429 

Then for this percentage feeder speed a coal flow is calculated also 

from a linear regression y =mx + c (see figure 4.3) 

% feeder speed = Coal flow x 0.9302 

For this coal flow a nominal mill load [MW] can be calculated for a 

certain CV [MJ/kg] 

Coal flow [kg/s] x CV [MJ/kg] =mill load [MW] 

Decreasing values of coal CV is then entered alternatively into the 

iteration formula automatically (this iteration column is not shown on 

the spreadsheet) and each time the PA flow will be increased in small 

increments of 0.01 up to a value where all the equations below are 

satisfied, with corresponding pf fineness. Extremes of burner loads 

etc. is also calculated automatically as in the equations of the 

columns above. The limiting factors are too high heat release per 

burner for the high CV coal and too low burner load resulting in loss 

of igni t ion for the low CV coal, where "NO 00" is flagged in the 

appropriate columns below where these limits are exceeded. Feasible 

combinations of mills in service for all coal qualities and loads can 

then be chosen where the expected pf fineness is as constant as 

possible, thus eliminating it as a variable, as much as is 
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practically possible. 

UPPER CV NOMINAL AS FIRED [MJ/kg] 

= MILL LOAD [MW] / «PA FLOW - 17.1429) / 0.26577 x 2 x 3.6} 

This y = fiX + c type equation is derived from the combined equations 

of figures 4.2 and 4.3 (see PA FLOW and the iteration explanation 

above). The numerator 2 in the above equation is to obtain the flow 

for both feeders and the 3.6 is to convert tons/h to kg/so 

UPPER CV LIMIT AS FIRED [MJ/kg] = UPPER CV NOMINAL AS FIRED [MJ/kg] / 

LOAD PER BURNER BIASED UP (+) AND WIm RICH MALDISTRIBUfION (+) [MW] x 

56 (nominal burner load) x 1.25 

In the above equation the nominal CV is simply scaled up by the ratio 

of the richest possible burner load to the nominal burner load and the 

maximum percentage of overload (125%) permitted in a burner (estimated 

by the supplier after discussion) to obtain the maximum corresponding 

CV that could be tolerated by this combination of mills, load etc. 

INHERENT K>ISTURE [%] = -0.4074 x NOMINAL CV AS FIRED + 10.796 

Only an indication of this value is needed. It is determined from an 

average obtained from Lethabo coal statistics and expressed in a 

linear relationship as a function of CV. 

TOTAL K>ISTURE [%] = -0.8888 x NOMINAL CV AS FIRED + 23.555 
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Also, only an indication of this value is needed. It is determined 

from an average obtained from Lethabo coal statistics and expressed in 

a linear relationship as a function of cv. 

UPPER CV NOMINAL AIR DRIED [MJ/kg] 

= UPPER CV NOMINAL AS FIRED [MJ/kg] x (100 - INHERENT KHSTURE) I 

(100 - TOTAL MOISTURE) 

Standard formula. 

NOMINAL AIR DRIED HIV [%] = 3 x AIR DRIED CV - 23 

This is a linear relationship obtained from the Burner stability 

diagram (Figure 4.4) to forecast HIV from air dried CV. 

NOMINAL VOLATILES AIR DRIED [%] = NOMINAL AIR DRIED HIV [%] x 0.146 + 

15.308 

This value is determined from an average obtained from Lethabo coal 

statistics and expressed in a linear relationship as a function of 

HIV. This is not always true for Lethabo coal, since certain 

volatiles are inert (as discussed in Chapter 4.1). This is only done 

to obtain an approximate value for this parameter for the purposes of 

coal ordering. 

UPPER CV LIMIT AIR DRIED [MJ/kg) = UPPER CV LIMIT AS FIRED [MJ/kg) x 


(100 - INHERENT MOISTURE) I (100 - TOTAL MOISTURE) 


Standard formula. 
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UPPER. CV AIR DRIED CRITERIA : = IF THE UPPER. CV AIR DRIED LIMIT > 

NOMINAL UPPER. AIR DRIED CV BY KlRE THAN A 0.5 MARGIN (safety factor), 

PRINT TIIAT VALUE OF CV, OTHERWISE "NO GO" 
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D. I: ITERATION FOR HIGHEST POSSIBLE LIMIT OF COAL QUALITY 


LOAD USO UNITS EFFICIENCY BLR MILLS MILLS LOAD LOAD NY III JIJ MY ~ PA FLOW UPPER CV UPPER CV UPPER UPPER UPPER CV UPPER HIV UPPER VOL UPPER CV UPPER CV 
~ NY GEN ~ LOAD liS BIASED !MILL !MILL IBUR !BURNER IBURNER IBURNER BURNER Pf FIN IMILL NOMINAL LINIT INHERENT TOTAL NOMINAL NOMINAL NOMINAL LIMIT AIRDRlED 

III NY NOMINAL +BIASED IIOMINAL +BIASED NOMINAL +BIASED LOAD ~<7S~. kg/s AS FIRED AS PIRED MOISTURE MOISTURE AIRDRIED AIRDmD AIRDRIED AIRDRIED CRITERIA 
III NY 01 STR D I STR +MALD ISTR +NALD ISTR 1+) UPPER CV MJ Ikg MJ/kg ~ NOMINAL MJ lig ~ ~ MJ/kg 

102 605 630 35.06 1725 6 288 292 48 49 51 52 93~ 84 24.56 lU5 24.86 3.2 7.1 19.31 34.94 20.41 25.88 19.31 
102 605 630 35.06 1725 5 J4S 348 58 58 61 62 111~ 83 26.05 18.53 20.87 3.2 7.1 19.30 34.90 20.40 21.13 19.30 
102 605 630 35.06 1725 5 345 353 58 59 61 62 1m 83 26.05 18.53 20.59 3.2 7.1 19.30 34.90 20.40 21. 44 19.30 
102 60S 630 35.06 1125 4 431 436 12 13 76 71 139~ 81 28.27 18.55 16.66 3.2 7.1 19.31 34.93 20.41 17.35 NO GO 

605 630 35.06 1725 4 431 446 72 74 16 19 142% 81 28.21 18.55 16.30 3.2 7.1 19.31 34.93 20.41 16.98 NO GO 

89 m 550 35.25 1489 6 248 252 41 42 44 45 m 85 23.55 lU3 28.11 3.2 7.1 19.30 34.90 20.40 29.96 19.30 
89 m 550 35.25 1489 5 298 300 50 50 53 53 96% 84 24.83 18.54 24.18 3.2 7.1 19.30 34.91 20.40 25.18 19.30 
89 525 550 35.25 1489 5 298 304 50 51 53 54 m 84 24,83 18.54 23.85 3.2 1.1 19.30 34.91 20.40 24.84 19.30 
89 525 550 35.25 1489 4 m J16 62 63 66 61 120~ 82 26.75 18.54 19.29 3.2 7.1 19.31 34.92 20.41 20.09 19.31 

0 89 525 550 ~t2S 1489 4 m 385 62 64 66 68 lUI 82 26.75 18.54 18.88 3.2 7.1 19.31 34.92 20.41 19.66 19.31 

I-' 80 475 500 35.37 1343 224 228 37 38 40 40 m 86 22.92 18.53 31. 91 3.2 7.1 19.30 3UO 20.40 33.23 19.30 
0 80 475 500 35.37 1343 269 271 45 45 48 48 86~ 85 24.07 18.55 26.83 3.2 7.1 19.31 34.94 20.41 27.94 19.31 

80 475 500 35.31 1343 269 274 45 46 48 49 m 85 24.01 18.55 26.41 3.2 7.1 19.31 34.94 20.41 21.56 
80 475 500 35.31 1343 336 339 56 51 59 60 108~ 83 25.81 18.5) 21.39 3.2 1.1 19.30 34.89 20.40 22.27 19.30 
80 475 500 35.37 1343 336 347 56 58 59 61 111~ 83 25.81 18.53 20.93 3.2 7.1 19.30 34.89 20.40 21.80 19.30 

72 425 450 35.40 1201 200 203 33 H 35 36 m 86 22.31 18.53 35.68 3.2 7.1 19.29 34.88 20.40 37.!5 19.29 
72 m 450 35.40 1201 240 242 40 40 42 43 m 85 23.34 18.54 29.99 3.2 7.1 19.30 34.90 20.40 31. 23 19.30 
12 425 450 35.40 1201 240 245 40 41 42 43 m 85 2).34 18.54 29.59 3.2 7.1 19.30 34.90 20.40 30.81 19.30 
72 m 450 35.40 1201 300 303 50 51 53 54 97~ 84 24,89 18.5) 23.93 3.2 7.1 19.30 34.90 20.40 24.91 19.30 
72 m 450 35.40 1201 300 310 SO 52 53 55 99~ 84 24.89 18.53 23.42 3.2 7.1 19.30 34.90 20.40 24.38 19.30 
72 425 450 35.40 1201 400 401 67 68 71 72 130~ 82 21.41 18.54 17.85 3.2 7.1 19.30 34.91 20.41 18.59 NO GO 

63 m 400 35.33 1062 6 111 180 29 30 31 J2 m 87 21.71 18.53 40.37 . 3.2 7.1 19.30 34.89 20.40 42.03 
63 m 400 35.33 1062 5 212 214 35 36 38 38 68~ 86 22.62 18.54 33.93 3.2 7.1 19.31 34.93 20.41 35.33 19.3t 
63 m 400 35.J3 1062 5 212 217 35 36 38 38 69~ 86 22.62 18.54 33.48 3.2 7.1 19.31 3U3 20.41 34.86 19.31 
63 375 400 35.33 1062 4 265 268 44 45 47 41 86% 85 23.99 18.54 27.07 3.2 1.1 19.31 34.92 20.41 28.19 19.31 
63 315 400 35.33 1062 4 265 274 44 46 47 49 sa 85 23.99 18.54 26.49 3.2 7.1 19.31 34.92 20.41 27.59 19.31 
63 m 400 35,33 1062 3 354 360 59 60 63 64 m~ 83 26.27 18.55 20.20 3.2 7.1 19.31 34,93 20.41 21.03 19.31 



Table 0.2: ITERATION FOR HIGH LIMIT Of COAL TO BE ORDERED 

LOAD OSO UNITS Em CI ENCY BLR KILLS MILLS LOAD LOAD MY MY MY Iff S PA FLO' UPPER CV UPPER CV UPPER UPPER UPPER CV UPPER HIV OPPER VOL UPPER CV UPPER CV 
~ Iff GEN I LOAD I/S BIASED /MILL /WILL /BURIlER /BURllER /BURIlER /BURIlER BURlIER Pf FIN /MILL NOMINAL LIMIT INHERENT TOTAL NOMINAL NOMINAL NOMINAL LINIT AIRDRIED 

n iii NOMINAL +BIASED NOMINAL +BIASED NOMINAL +BIASED LOAD S<15~1 kg/s AS FIRED AS FIRED MOISTURE MOISTURE AIRDRIED AIRDRIEO AIRDRIEO AIRDRIED CRITERIA 
MY 1/1 DISTR DISTR +NALOISTR +MALDISTR (+1 UPPER CV MJ/kg MJ/kg S NOMINAL NJ/kg S S NJ/ig 

102 60S 630 35.06 1725 6 2 288 292 48 49 S1 52 91S 84 24.91 11.71 23.14 3.6 7.8 18.52 )2.57 20.06 23.46 18.52 
102 605 630 3s.o6 1725 5 1 345 348 58 58 61 62 1m 83 26.47 17.70 19.93 3.6 1.8 18.51 32.54 20.06 20.41 18.51 
102 605 630 35.06 1725 5 2 345 m 58 59 61 62 1m 83 26.47 17.70 19.66 3.6 7.8 18.51 32.54 20.06 20.18 18.51 
102 605 630 35.06 1125 4 1 431 436 72 73 76 77 1391 80 28.80 17.70 15.90 3.6 7.8 18.52 32.55 20.06 16.93 NO GO 
102 605 630 ]5.06 1725 4 2 431 446 72 74 76 79 1m 80 28.80 17.70 15.56 3.6 7.8 18.S2 32.55 20.06 16.62 NO GO 

89 m 550 35,25 1489 248 252 41 42 44 45 m 85 23.85 17.70 27.49 3.6 7.8 18.52 32,55 20.06 26.27 18.52 
89 525 550 35.25 1489 298 300 50 50 53 53 961 84 2U9 17.71 23.10 3.6 7.8 18.52 32.56 20.06 22.96 18.52 
89 525 550 35.25 1489 298 304 50 51 .53 54 91S 84 25.19 17.71 22.19 3.6 7.8 18.52 32.56 20.06 22.12 18.52 
89 m 550 3US 1489 372 376 62 63 66 67 120' 82 21.20 17.71 18.43 1.6 1.8 18.52 32.51 20.06 19.14 18.52 
89 525 550 35.25 1489 m 385 62 64 66 68 1231 82 21.20 11.71 18.04 3.6 1.8 18.52 32.57 20.06 18.81 18.52 

0 

80 475 500 35.37 1343 6 2 224 228 37 38 40 40 m 86 23.19 17.11 30.49 3.6 7.8 18.52 ]2.56 20.06 28.39 18.52 
..... ..... 80 47S 500 35.37 1343 5 1 269 271 45 45 48 48 86% 84 24.40 17.71 25.61 3.6 7.8 18.52 32.56 20.06 24,89 18.52 

80 m 500 35.37 1343 5 2 269 274 45 46 48 49 88~ 84 24.40 11.71 25.27 3.6 7.8 18.52 )2.56 20.06 24.63 18.52 
80 m 500 35.37 1343 4 1 336 339 56 57 59 60 108' 83 26.21 11.71 20.44 3.6 1,8 18.53 32,58 20.06 20.83 18.53 
80 475 500 35.37 1343 4 2 336 347 56 58 59 61 1m 83 26.21 17.71 20.01 3.6 7.8 18.53 32.58 20.06 20.47 18.53 

72 425 450 35.40 1201 6 2 200 203 33 34 35 36 m 86 22.55 17.10 34.09 3.6 7.8 18.52 32.55 20.06 30.79 18.52 
72 425 450 35.40 1201 5 1 240 242 40 40 42 43 m 85 23. 63 17.11 28.65 3.6 7.8 18.52 32.56 20.06 27.11 18.52 
72 425 450 35.40 1201 5 2 240 245 40 41 42 43 m 85 23.63 17.71 28.27 3.6 1.8 18.52 32.56 20.06 26.83 18.52 
72 m 450 35.40 1201 4 1 300 303 50 51 53 54 m 84 25.25 17.71 22,86 3.6 7.8 18.52 32.57 20.06 22.78 18.52 
72 m 450 35.40 1201 4 2 300 310 50 52 53 55 99' 84 25.25 17.11 22.38 3.6 7.8 18.52 32.57 20.06 22.40 18.52 
72 us 450 35.40 1201 3 1 400 401 61 68 71 72 130~ 81 21.95 11.72 17.06 3.6 7.8 18.53 32.59 20.07 17.96 NO GO 

63 m 400 35.33 1062 6 117 180 29 30 31 32 m 87 22 17.43 37.96 3.7 8.1 18,25 31.76 19.95 33.18 18.25 
63 375 400 35.33 1062 5 212 214 35 36 38 38 68' 86 22.88 17.10 32.40 3.6 7,8 18.52 31.55 20,06 29.68 18.52 
63 315 400 35.33 1062 5 212 211 35 36 38 38 691 86 22.88 11.70 31.96 3.6 1.8 18.52 32,55 20.06 29.39 18.52 
63 J15 400 35.33 1062 4 265 268 44 45 41 47 86' 85 24,31 17.11 25.86 3.6 7.8 18.S3 32.58 20.07 25.08 18.53 
63 375 400 35.33 1062 4 265 214 44 46 47 49 m 85 24,31 17.71 25.31 3.6 7.8 18.53 32.58 20.01 24,67 
63 375 400 35.33 1062 3 354 360 59 60 63 64 1151 82 26.70 n.11 19.29 3.6 7.8 18.53 32.58 20.06 19.81 18.53 



Table 0.3: ITERATION FOR HIGH LIKIT OF ACTUAL TEST COAL 

LOAO usa UNITS EFFICIENCY BLR MILLS MILLS LOAD LOAD III III l/W III ~ PA FLOW UPPER CV UPPER CV OPPER OPPER UPPER CV UPPER HIV UPPER VOL UPPER CV UPPER CV 
~ III GEN % LOAD lIS BIASED IMILL IMILL IBURNER IBURNER IBURNER IBURNER BURNER Pf FIN IMILL NONINAL LINIT INHERENT TOTAL NONINAL NONINAL NONINAL LIMIT AIRORIEO 

l/W l/W NOMINAL +BIASEO NOMINAL +BIASED IlOWlKAL +BIASED LOAD ~<15~1 kg/s AS FIRED AS FIRED MOISTURE MOISTURE AIRDRIED AIRDRIED AIRDRIED AIRORlEO CRITERIA 
III NY DISTR DISTR +NALDISTR tMALDISTR [+1 UPPER CV NUh NJ/kg ~ NONINAL NJIkg ~ ~ NJ/kg 

102 605 630 35.06 1725 6 2S8 292 48 49 51 52 93% 84 25.IS 17.12 22.94 5.9 12.6 18.43 32. 29 20.02 22.29 18.43 
102 605 630 35.06 1725 5 345 348 58 58 61 62 IllS 82 26.78 17.13 19.29 5.9 12.6 18.44 32.33 20.03 19.39 IS.44 
102 605 630 35.06 1725 5 l45 m 58 59 61 62 lin 82 26.78 17.13 19.03 5.9 12.6 IS.44 32.33 20.03 19.18 18.44 
102 605 630 35.06 1725 4 431 436 72 73 16 77 139~ 80 29.19 17.13 15.39 5.9 12.6 18.44 32.33 20.03 16.07 NO GO 
102 605 630 35.06 1725 4 431 446 72 74 76 79 142% 80 29.19 17.13 15.06 5.9 12.6 IS.44 32.33 20.03 15.77 NO GO 

89 525 550 35.25 1489 248 252 41 42 44 45 m 85 24.08 17 .12 26.58 5.9 12.6 18.43 32.29 20.02 24.99 18.43 
89 525 550 35.25 1489 298 300 SO 50 53 53 96~ 83 25.46 17.13 22.35 5.9 12.6 18.45 32.34 20.03 21.83 18.45 
89 525 550 35.25 1489 298 304 50 51 53 54 m 83 25.46 17.13 22.05 5.9 12.6 18.45 32.34 20.03 2!. 60 18.45 
89 525 550 35.25 1489 372 376 62 63 66 67 120% 82 21.54 17.13 17.83 5.9 12.6 IS.44 32.3J 20.03 18. IS IS.44 
89 525 550 35.25 1489 372 385 62 64 66 68 123% 82 27.54 17.13 17.45 5.9 12.6 18.44 32.33 20.03 17.86 NO GO 

0 

80 475 500 35.31 1343 224 228 37 38 40 40 m 85 23.40 17.11 29.46 5.9 12.6 18.42 32.27 20.02 27.01 18.42 ,.... 
N 80 m 500 35.J7 1343 269 271 45 4S 48 48 86~ 84 24.65 17.12 24.76 5.9 12.6 18.43 J2.2S 20.02 23.66 18.43 

80 475 500 35.37 1343 269 214 45 46 48 49 88~ 84 24.65 17.12 24.43 5.9 12.6 IS.43 32.28 20.02 23.42 IS.4) 
SO 475 500 JU7 1343 336 JJ9 56 57 59 60 108~ 82 26.52 17. IJ 19.77 5.9 12.6 18.44 32.32 20.03 19.79 18.44 
SO 475 500 35.37 1343 336 347 56 58 59 61 111% 82 26.52 17.13 19.35 5.9 12.6 18.44 32.32 20.03 19.44 18.44 

72 425 450 35.40 1201 6 200 203 33 34 3S 36 m S6 22.73 17.13 33.00 5.9 12.6 18.45 32.34 20.03 29.36 
72 425 450 35.40 1201 5 240 242 40 40 42 43 m 85 23.85 17.13 27.71 5.9 12.6 18.44 32.32 20.03 25.80 IS.44 
72 425 450 35.40 120 I 5 240 245 40 41 42 43 m 85 23.85 17.13 27.34 5.9 12.6 18.44 32.32 20.03 25.54 18 .44 
72 m 450 35.40 1201 4 300 303 SO 51 53 54 91% 83 25.53 17.l2 22.10 5.9 12.6 IS.43 32.30 20.02 21.64 lS.43 
72 425 450 35.40 1201 4 300 310 50 52 53 55 99% 83 25.53 17.12 21. 63 5.9 12.6 18.43 32.30 20.02 21. 27 18.4] 
72 425 450 35.40 1201 3 400 407 67 68 71 72 130% 81 28.32 17.13 16.49 5.9 12.6 18.44 32.33 20.03 17.04 NO GO 

63 375 400 35.33 1062 6 2 177 180 29 30 31 32 m 87 22.09 17.11 37.27 5.9 12.6 IS .42 32.26 20,02 32.00 18.42 
63 375 400 35.33 1062 5 1 212 214 35 36 38 38 68% 86 23.07 11,]4 31.36 5.9 !2. 6 18.45 32.35 20.03 28.29 18.45 
63 375 400 35.33 1062 5 2 212 217 35 36 38 3S 69X 86 23.07 17.14 30.94 5.9 12.6 18.45 32.35 20.03 2S. 0 1 IS.45 
63 m 400 35.J3 1062 4 1 265 268 44 45 47 47 86% 84 24.56 17.12 2U9 5.9 12.6 IS.43 32.29 20.02 23.84 
63 375 400 35.33 1062 4 2 265 274 44 46 47 49 sa 84 24.56 17.12 24.46 5.9 12.6 18.43 )2.29 20.02 23.44 18.43 
63 375 400 35.33 1062 3 I 354 360 59 60 63 64 1I5~ S2 27.03 17.12 18.65 5.9 12.6 18.43 32.30 20.02 18.86 IS.4J 
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APPENDIX E: INTERMEDIATE GRADE COAL SELECTION 

The determination of the characteristic values for the selection of 

the intermediate (called "spec." grade) coal to be ordered were done 

finally. No extremes (as in the lowest or highest possible) were of 

course calculated, since it was simply positioned midway between the 

low and high grade extremes according to CV value, as explained in 

Chapter 4.1. The iterative calculating spreadsheets were only used to 

check whether the actual test coal received would not exceed any of 

the limits according to the low and high criteria (as in Appendix C 


and D respectively) and to obtain similar guidelines for mill 


configurations (Table E.2 and Table E.1 respectively). 


The following formulae are common to both the low and high criteria 


(Table E1 and E2). The consecutive columns in the applicable 


spreadsheets contain the following values or formulae: (See 


nomenclature for explanation of abbreviations or list of symbols.) 


LOAD [%] 


Five equal increments of load to be tested were entered over the span 


from the selected maximum to minimum loads. 


USO [MW] = LOAD % / 100 x 593 


593 MW is the nominal design MeR USO. 
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UNITS GENERATED [MW] = usa + 25 

25 MW is the approximate nominal auxiliary electrical power 

consumption for one unit. This is not exactly true for all loads 

since certain auxiliary plant consume power directly proportional to 

the unit load (feed pumps, fans etc.). There are however other 

auxiliary power consumers that consume constant load (mills, CW pumps, 

lubricating and jacking oil pumps, etc.). The above approximation is 

adequate for this exercise since only an indication of UG is needed 

for operational purposes during testing, but usa is used in further 

calculations here. 

EFFICIENCY [%] 

Only monthly averages and seasonal trends of overall thermal 

efficiency values were available from STEP history for the 

calculations in these spreadsheets. Accurate values for a specific 

unit (vs. the whole station) , steady load (vs. AGe) , overall 

efficiencies per load for the whole unit (vs. boiler or turbine 

separately) etc. were not known at that point in time. Many of these 

were intended to be determined in this project. 

BOILER LOAD [MW] = USO / EFFICIENCY x 100 

MILLS i/s 

The anticipated (some cases hypothetical) number of mills i/s were 

entered at each load. Where the number of mills was entered more than 
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once, it was to cater for various combinations of mill biasing (see 

below) . 

MILLS BIASED 

Often, one or two of the top mills are biased down to reduce the 

chances of metal temperature excursions, or a bottom mill can be 

biased up to improve evaporation. The remainder of the mills should 

make up the load difference to achieve the initial load set-point. 

The effect of biasing was brought into these calculations on each mill 

combination. 

NOMINAL LOAD PER MILL [MW] = BOILER LOAD [MW] / MK>UNT OF MILLS IN 

SERVICE 

LOAD PER MILL BIASED DOWN (-) [MW] = NOMINAL LOAD PER MILL [MW] x 

0.967 


(As in Table E2, Lower limit) 


Tests were carried out prior to the main tests on the unit to 

ascertain the amount of mill load change (PA flow and feeder speed) 

due to a certain degree of biasing. The maximum percentage biasing 

available on these units range between 35 60 % (an unbiased or 

nominal mill setting is 50%). The maximum bias that would be applied 

to a mill during operation resulted in a load reduction of 3.3% 

(corresponding to a 35% down bias). This implies that the mill will 
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be operating at 96.7% of its load setting. 

From experience with Lethabo coal, it is too low a burner load that 

poses a danger in terms of loss of ignition during the combustion of 

low grade coal. Therefore the biasing up (+) of mills will be 

considered only at the calculation of the high grade coal qualities. 

LOAD PER MILL BIASED UP (+)- [MW] = (BOILER LOAD - LOAD PER MILL BIASED 

DOWN x AMXlNT OF MILLS BIASED DOWN) / (MILLS i/s - AMOUNT OF MILLS 

BIASED DOWN) 

(As in Table El, Higher limit). 

The above simply calculates the resulting load of the remainder of the 

mills that would automatically pick up load due to the load reduction 

of the mills biased down. This has also been verified by testing. 

NOMINAL LOAD PER BURNER WITIf NORMAL DISTRIBm'ION [MW] = rDtINAL LOAD 

PER MILL [MW] / 6 

Six burners are served by one mill. This would be the load per burner 

when equal distribution of PA flow, pf flow and pf size occurs. (The 

ideal case, not found in practice.) 

LOAD PER BURNER. OF A DOWN BIASED MILL (-) WITIf NORMAL DISTRIBm'ION 

AMONGST BURNERS [MW] = LOAD OF A DOWN BIASED MILL [MW] / 6 

(As in Table E2, Lower limit) 
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LOAD PER BURNER OF AN UP BIASED MILL (+) WIre NORMAL DISTRIBUfION 

AM()OOST BURNERS [MW] = LOAD OF AN UP BIASED MILL [MW] / 6 

(As in Table E1, Higher limit) 

Results of tests performed at Lethabo on Units 1 and 3 were used to 

determine an order of magnitude for any mal-distribution of pf amongst 

burners for these furnaces(12). These furnaces performed very well 

since the worst figures obtained for leanest and richest running 

burners compared very favourably to other furnaces in general. These 

figures amounted to -5,308 and +6,153 percent deviation from the 

average respectively, resulting in the factors for multiplying the 

nominal distribution burner loads below. 

NOMINAL LOAD PER BURNER WIre LEAN MALDISTRIBUfION (-) [MW] = NOMINAL 


LOAD PER BURNER WIre NORMAL DISTRIBUfION [MW] x 0.94692 


(As in Table E2, Lower limit) 


NOMINAL LOAD PER BURNER WIre RICH MALDISTRIBUI'ION (+) [MW] = NOMINAL 


LOAD PER BURNER WIre NORMAL DISTRIBUfION [MW] x 1.06153 


(As in Table EI, Higher limit) 


LOAD PER BURNER OF A MILL BIASED OOWN (-) AND WIre LEAN 


MALDI STRIBUfION (-) [MW] = LOAD PER BURNER. OF A MILL BIASED DOWN (-) 


AND WIre NORMAL DISTRIBUfION [MW] x 0.94692 


(As in Table E2, Lower limit) 
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LOAD PER BURNER OF A MILL BIASED UP (+) AND WITH RICH MALDISTRIBUrION 

(+) [MW] = LOAD PER BURNER OF A MILL BIASED UP (+) AND WITH NORMAL 

DISTRIBUTION [MW] x 1.06153 

(As in Table El, Higher limit) 

PERCENTAGE BURNER LOAD (+) = LOAD PER BURNER BIASED UP (+) AND WITH 

RICH MALDISTRIBUTION (+) [MW] / 56 x 100 

(As in Table E1, Higher limit) 

PERCENTAGE BURNER LOAD (-) =LOAD PER BURNER BIASED OOYm (-) AND WITH 

LEAN MALDISTRIBUTION (-) [MW] / 56 x 100 

(As in Table E2, Lower limit) 

The nominal load per burner for the Lethabo furnaces are 56 MW, based 

on 5 mills i/s at MCR. 

PF FINENESS, % PASSI:r«3 TIIROtx3H A 75 IJ.IIl SIEVE = -0.94523 x PA FLOW + 

107.55111 

The unit 1 mill performance since day one (with seasoned and 

established ball charge) was plotted as a scatter graph of pf fineness 

(percentage passing through a 75 ~ sieve) as a function of PA flow 

(kg/s) (see Figure 4.1). A linear regression of these points produced 

a y = mx + c graph with values as above. This method was used to 

obtain a forecast of what the pf fineness would be at a certain PA 

flow. The pf fineness as variable was to be eliminated as much as 
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possible in these tests, as explained in chapter 4.1. 


PA FLOW [kg/s] 


A base minimum value of PA flow (± 20 kg/s) , within the mill operating 


range, was entered in all the rows of this column as the independent 

variable from which this automatic iteration was started. For a given 

PA flow, a percentage feeder speed is calculated from y=mx+c 

(see figure 4.2) 

PA = % feeder speed x 0.28571 +17 1429 

Then for this percentage feeder speed a coal flow is calculated also 

from a linear regression y=mx+c (see figure 4.3) 

% feeder speed =Coal flow x 0.9302 

For this coal flow a nominal mill load [MW] can be calculated for a 

certain CV [MJ/kg] 

Coal flow [kg/s] x CV [MJ/kg] =mill load [MW] 

Decreasing values of coal CV is then entered alternatively into the 

iteration formula automatically (this iteration column is not shown on 

the spreadsheet) and each time the PA flow will be increased in small 

increments of 0.01 up to a value where all the equations below are 
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satisfied, with corresponding pf fineness. Extremes of burner loads 

etc. IS also calculated automatically as in the equations of the 

columns above. The limiting factors are too high heat release per 

burner for the high CV coal and too low burner load resulting in loss 

of ignition for the low CV coal, where "NO 00" is flagged in the 

appropriate columns below where these limits are exceeded. Feasible 

combinations of mills in service for all coal qualities and loads can 

then be chosen where the expected pf fineness is as constant as 

possible, thus eliminating it as a variable, as much as is 

practically possible. 

The following formulae apply to the high grade coal criteria only 

(Table E1): 

UPPER CV NOMINAL AS FIRED [MJ(kg] 

=MILL LOAD [MW] / «PA FLOW - 17.1429) / 0.26577 x 2 x 3.6) 

This equation is obtained from the y = mx + c type equations derived 

from the combined equations of figures 4.2 and 4.3 (see PA FLOW and 

the iteration explanation below). The 2 is to obtain the flow for both 

feeders and the 3.6 is to convert tons/h to kg/so 

UPPER CV LIMIT AS FIRED [MJ/kg] = UPPER CV NOMINAL AS FIRED [MJ/kg] / 

LOAD PER BURNER BIASED UP (+) AND WITH RICH MALDISTRIBUfION (+) [MW] x 

56 (nominal burner load) x 1.25 

In the above equation the nominal CV is simply scaled up by the ratio 

of the richest possible burner load to the nominal burner load and the 
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maximum percentage of overload (125%) permitted in a burner (estimated 

by the supplier after discussion) to obtain the maximum corresponding 

CV that could be tolerated by this combination of mills, load etc. 

UPPER INHERENT K>ISTURE [%] = -0.4074 x NOMINAL CV AS FIRED + 10.796 

Only an indication of this value is needed. It is determined from an 

average obtained from Lethabo coal statistics and expressed in a 

linear relationship as a function of CV. 

UPPER TOTAL K>ISTURE [%] = -0.8888 x NOMINAL CV AS FIRED + 23.555 

Only an indication of this value is needed. It is determined from an 

average obtained from Lethabo coal statistics and expressed in a 

linear relationship as a function of CV. 

UPPER CV NOMINAL AIR DRIED [MJ/kg] 

= UPPER CV NOMINAL AS FIRED [MJ/kg] x (100 - INHERENT K>ISTURE) I 

(100 - TOTAL K>ISTURE) 

Standard formula. 

NOMINAL AIR DRIED HIV [%] = 3 x AIR DRIED CV - 23 

This is a linear relationship obtained from the Burner stability 

diagram (Figure 4.4) to forecast HIV from air dried CV. 

NOMINAL VOLATILES AIR DRIED [%] = NOMINAL AIR DRIED HIV [%] x 0.146 + 

15.308 
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This value is determined from an average obtained from Lethabo coal 

statistics and expressed in a linear relationship as a function of 

HIV. This is not always true for Lethabo coal, since certain 

volatiles are inert (as discussed in Chapter 4.1). This is only done 

to obtain an approximate value for this parameter for the purposes of 

coal ordering. 

UPPER CV LIMIT AIR DRIED [MJ/kg] = UPPER CV LIMIT AS FIRED [MJ/kg] x 

(100 - INHERENT K>ISTURE) / (100 - TOTAL K>ISTURE) 

Standard formula. 

UPPER CV AIR DRIED CRITERIA := IF THE UPPER CV AIR DRIED LIMIT> 

NOMINAL UPPER AIR DRIED CV BY IDRE THAN A 0.5 MARGIN (safety factor), 

PRINr TIiAT VALUE OF CV, OTIIERWISE "NO GO" 

The following formulae apply to the low grade coal criteria only 

(Table E2): 

LOWER CV NOMINAL AS FIRED [MJ/kg] 

=MILL LOAD [MW] / «PA FLOW - 17.1429) / 0.26577 x 2 x 3.6) 

This equation is obtained from the y = mx + c type equations derived 

from the combined equations of figures 4.2 and 4.3 (see PA FLOW and 

the iteration explanation below). The 2 is to obtain the flow for both 

feeders and the 3.6 is to convert tons/h to kg/so 
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LOWER INHERENT M.:>ISTURE [%] = -0.4074 x NOMINAL CV AS FIRED + 10.796 

Only an indication of this value is needed. It is determined from an 

average obtained from Lethabo coal statistics and expressed in a 

linear relationship as a function of CV. 

LOWER TOTAL M.:>ISTURE [%] = -0.8888 x NOMINAL CV AS FIRED + 23.555 

Only an indication of this value is needed. It is determined from an 

average obtained from Lethabo coal statistics and expressed in a 

linear relationship as a function of CV. 

LOWER CV NOMINAL AIR DRIED (MJ/kg] 

= LOWER CV NOMINAL AS FIRED [MJIkg] x (100 - INHERENT M.:>ISTURE) / 

(100 - TOTAL M.:>ISTURE) 

Standard formula. 

LOWER CV LIMIT AIR DRIED [MJfkg] = 	IF BURNER LOAD % < 50%, "NO 00" 

IF BURNER LOAD % < 70%, 15 MJ/kg 

IF BURNER LOAD % < 100%, 14.5 MJIkg 

IF BURNER LOAD % < 125%, 13.5 MJ/kg 

The first three criteria are taken from the Burner Stability diagram 

(Figure 4.4). It emanates from the Lean Coal tests(3). It prescribes 

that a Lethabo burner should never be operated below 50% load in order 

to maintain ignition, or only below 70% load if the coal CV is 15 
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MJ/kg or above (with the corresponding HIV minimum value, see below), 

etc. The 125% burner load is the maximum burner load permissible, 

obtained from the supplier, for the purposes of these tests. 

LOWER HIV LIMIT [%] = 	IF BURNER LOAD % < 50%, "NO GO" 

IF BURNER LOAD % < 70%, 22 % 

IF BURNER LOAD % < 100%, 21 % 

IF BURNER LOAD % < 125%, 19 % 

Similar to the minimum permissible CV vs. burner load as above, this 

criteria is also taken from the Burner Stability diagram (Figure 4.4), 

emanating from the Lean Coal tests(3). 

LOWER VOLATILE LIMIT AIR DRIED [%] = LOWER HIV LIMIT AIR DRIED [%] x 

0.146 + 15.308 

This value is determined from an average obtained from Lethabo coal 

statistics and expressed in a linear relationship as a function of 

HIV. This is not always true for Lethabo coal, since certain 

volatiles are inert (as discussed in Chapter 4.1). This is only done 

to obtain an approximate value for this parameter for the purposes of 

coal ordering. 

LOWER VOLATILE LIMIT AS FIRED [%] = LOWER VOLATILE LIMIT AIR DRIED 

[%] x (100 - TOTAL K>ISTURE) / (100 - INHERENT K>ISTURE) 

Standard formula. 
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LOWER CV AIR DRIED CRITERIA := IF TIlE LOWER CV Na.tINAL AIR DRIED !:! 


LOWER AIR DRIED CV LIMIT, PRINT TIIAT VALUE OF CV, O'IlIERWISE "NO GO" 
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Table E.I: ITERATIOH FOR TIlE HIGIlER LIMIT OF THE ACTUAL SPEC GRADE TEST COAL 

LOAD USO UHITS EFFIClEHCY BLR MILLS MILLS LOAD LOAD Ni Ni llW n ~ PA FLO' UPPER CV UPPER CV UPPER UPPER UPPER CV UPPER H I V UPPER VOL OPPER CV UPPER CV 
X n GEH ~ LOAD liS BIASED /MILL IMILL IBURIlER /BURIlER /BURIIER /BURHER BURlIER Pf FIN /MILL NOMINAL LlkIi INHERENT TOTAL NOMINAL NOMINAL NOMINAL LIMIi AIRORIEO 

Ni Ni NOMINAL +BIASED IIOMINAL tBIASED IIOMINAL tBIASED LOAD ~(15~. kg/s AS FIRED AS FIRED MOISTURE JIOISTORE AIRDRIED AIRDRIED AlRDRlED AIRDRIED CRITERIA,111 Ni DISTR DISTR +MALDISTR +MALDISTR (t) UPPER CV MJ/kg MJ/kg ~ IIOMINAL NJ/kg ~ NJlkg 

630 35.06 1125 6 2 288 292 48 4g 51 52 m 83 26.33 lU7 20.01 3.9 10.1 16.12 25.35 19.01 20.46 16.12 
630 35.06 1725 5 1 345 348 58 58 61 62 1m 81 28.16 14.98 16.81 3.9 10.7 16.13 2U8 19.01 11.14 16.13 
630 35.06 1725 5 2 34S m 58 59 61 62 1I3X 81 28.16 14.98 16.64 3.9 10.7 16.13 25.38 19.01 11.54 16.13 

605 630 35.06 1125 4 1 431 436 12 73 76 17 139S 78 30.92 14.98 13.45 3. g 10.1 16.12 25.36 [9.01 14.63 NO GO 
60S 630 35.06 1725 4 2 4JI 446 n 74 76 19 1m 18 30.n 14 .98 1),17 3.9 10.7 16.12 25.36 19.01 1U6 NO GO 

89 525 550 3U5 1489 248 252 41 42 44 45 81' 84 25.01 14.98 23.26 3.9 10.1 16.12 25.37 19.01 23.02 [6.12 
89 525 550 35.25 1489 298 300 50 50 53 53 96' 82 26.66 14.97 IU3 3.9 10.1 16.12 25.35 19.01 20.02 16.12 
89 m 550 35.25 1489 298 304 so 51 53 54 m 82 26.66 14.97 19.27 3.9 10.7 16.12 25.35 19.01 19.80 16.12 
89 m 550 35,25 1489 m 316 62 63 66 67 120% 80 29.03 14.98 15.59 3.9 10.7 16.13 25.38 19.01 16.60 16.13 
89 525 550 35.25 1489 J72 385 62 64 66 68 123% 80 29.03 14.98 15.26 3.9 10.7 16. \3 25.38 19.01 16.30 16.13 

tr.I 

80 m 500 35.37 1343 6 2 224 228 J7 38 40 40 m 85 24.29 14.98 25.79 3.9 10.7 16.13 25.38 19.01 24.96 16.13 
....... 80 m 500 35.37 1343 5 1 269 271 45 45 48 48 86~ 83 25.72 14.98 21.67 3.9 10.7 16.12 25.37 19.01 21. 77 16.12 
~ 

80 m 500 35.37 1343 5 2 269 274 45 46 48 49 m 83 25.72 14.98 21.38 3.9 10.7 16.12 H.l7 19.01 21.53 16.12 
80 475 500 35.37 1343 4 1 336 J39 56 57 59 60 108~ 81 27.87 14.97 17.28 3.9 10.7 16.12 25.35 19.01 18.10 16.12 
80 475 500 35.37 1343 4 2 336 347 56 58 59 61 111% 81 27.81 14.97 16.91 3.9 10.7 16.12 25.35 19.01 17.77 16.12 

72 m 450 35.40 1201 6 2 200 203 33 34 35 36 m 85 23.54 14.96 28.82 3.9 10.7 16.11 25.32 19.00 27.15 16.11 
72 425 450 35.40 1201 5 1 240 m 40 40 42 43 m 84 24.81 14.98 24,24 3.9 10.1 16.13 25.38 19.01 23.78 16.13 
72 425 450 35.40 1201 5 2 240 245 40 41 42 43 18~ 84 24.81 14.98 23.92 3.9 10.7 16.13 25.38 19.01 23.53 16.13 
72 m 450 35.40 1201 4 1 300 303 50 51 53 54 m 82 26.73 14.98 19.33 3.9 10.1 16.12 25.36 19.01 19.85 16.12 
72 425 450 35.40 1201 4 2 300 310 50 52 53 55 99~ 82 26.73 14.98 18.92 3.9 10.7 16.12 25.36 19.01 19.51 16.\2 
72 425 450 35.40 1201 3 I 400 401 67 68 11 72 DOS 79 29.92 14.98 14.43 3.9 10.7 16.13 25.38 19.01 15.54 NO GO 

63 m 400 3U3 1062 6 2 171 180 29 30 31 J2 m 86 22.80 14.96 32.59 3.9 10.7 16.10 25.31 19.00 29.72 16.10 
63 m 400 35.33 1062 5 1 212 214 35 36 38 38 68% 85 23.93 14.96 27.38 3.9 10.7 16.11 25.32 19.01 26.12 16.11 
63 375 400 35.33 1062 5 2 212 217 35 36 38 38 69% 85 23.93 14.96 21.02 3.9 10.7 16.11 25.32 19.0 I 25.86 16.11 
63 375 400 35.33 1062 4 1 265 268 44 45 41 47 86~ 83 25.62 14.98 21.87 3.9 10.7 16.12 25.36 19.01 21.93 16. \2 
63 375 400 35.33 1062 4 2 265 274 H 46 41 49 m 83 25.62 14.98 21.40 3.9 [0.7 16.12 25.36 19.01 21.55 16. t2 
63 315 400 35.33 1062 3 I 354 360 59 60 63 64 115S 81 28.44 14.98 16.32 3.9 10.7 16. J3 25.39 19. OJ 17.25 16.13 



Table E.2: ITERATION fOR THE LOWER LIMIT OF THE ACTUAL SPEC GRADE TEST COAL 

LOAD USO UNITS EFfICIENCY BLR MILLS MILLS LOAD LOAD WI MI MI Ni ~ PA PLOW LOIER CV LOIER LOIER LOIER CV LOIER CV LOIER HIV LOIER VOL LOIER VOL LOIER CV 
~ Ni GEN ~ LOAD !IS BIASED IMILL IMILL IBURNER /BURNER /BURNER /BURNER BURNER Pf FIN /MILL NOMINAL INHERENT TOTAL NOMINAL LIMIT LIMIT LIMIT LIMIT 

NY WI NOMINAL -BIASED NOMINAL -BIASED NOMINAL -BIASED LOAD S<7S~1 kg/s AS fiRED MOISTURE MOISTURE AIRDRIED AIRDRIED AIRDRIED AIRDRIED AS 
NY NY DISTR DISTR -MALDISTR -MALDISTR (-) LOIER CV MJlig S NOMINAL MJ/ig MJ/kg MJ/ig S tS 

102 605 630 35.06 1725 6 2 288 278 48 46 45 44 19S 83 26.33 14.91 3.9 10.1 16.12 14.5 21 18.37 17.07 16.12 
102 60S 630 35.06 1725 5 I 34S 334 58 56 54 53 m 81 28.16 14.98 3.9 10.7 16.13 1U 21 18.37 17.07 16.13 
102 605 630 35.06 1725 S 2 345 334 58 56 54 53 m 81 28.16 14,98 3.9 10.7 16.13 14,5 21 18.37 11.07 16.13 

605 630 35.06 1725 4 1 4Jt 417 72 70 68 66 1l9~ 78 30.92 14.98 3.9 10.7 16.12 13.5 19 18.08 16.80 16.12 
605 630 35.06 1725 4 2 4J1 417 72 70 68 66 119' 78 30.92 14.98 3.9 10.7 16.12 13.5 19 18.08 16.80 16.12 

89 m 550 JUS 1489 248 240 41 40 39 38 68S 84 25.07 14098 3.9 10.7 16.12 15.0 22 18.52 11.21 16.12 
89 525 5SO 3US 1489 298 288 SO 48 47 45 m 82 26.66 14.97 3.9 10.7 16.12 14,5 21 18.37 17.07 16.12 
89 525 550 3US 1489 298 288 50 48 47 45 82~ 82 26.66 14,97 3.9 10.7 16.12 14,5 21 18.37 11.07 16.12 
89 525 550 35.25 1489 312 360 62 60 59 57 102~ 80 29.03 14.98 3.9 10.7 16.13 13.5 19 18.08 16.80 16.13 
89 525 550 35.25 1489 312 360 62 60 59 57 102S 80 29.03 14,98 3.9 10.7 16.13 13.5 19 18.08 16.80 16.13 

ttl 

80 475 500 35.37 1343 6 224 216 37 36 35 34 m 85 24.29 14.98 3.9 10.7 16.13 15.0 22 18.52 17.21 16.13 ... 
U't 80 475 500 35.37 1343 5 269 260 45 43 42 41 74S 83 25.12 14.98 3.9 10.7 16.12 14.5 21 18.37 17.07 16.12 

80 475 500 35.37 1343 5 269 260 45 43 42 41 m 83 25.72 14098 3.9 10.7 16.12 14,5 21 18.37 17.07 16.12 
80 475 500 35,37 1343 4 336 325 56 54 53 51 m 81 27.87 14.97 3.9 10.7 16.12 14.5 21 18.31 17.07 16.12 
80 47S 500 35.37 1343 4 336 m 56 54 53 51 92' 81 27.87 14.97 3.9 10.7 16.12 14.5 21 18.37 17.07 16.12 

72 425 450 35.40 1201 6 2 200 194 33 32 32 31 m 85 23.54 14.96 3.9 10.7 16.11 15.0 22 18.52 17.21 16.1l 
72 425 450 35.40 1201 5 1 240 2J2 40 39 38 37 66S 84 24.81 14.98 3.9 10.7 16.13 15.0 22 18.52 17.21 16.13 
72 425 450 35.40 1201 5 2 240 232 40 39 38 37 66% 84 24.81 14098 3.9 10.7 16.13 15.0 22 18.52 17.21 16.13 
72 425 450 35.40 1201 4 1 300 290 50 48 47 46 m 82 26.73 14. 98 3.9 10.7 16.12 14.5 21 18.37 17.07 16.12 
72 425 450 35.40 1201 4 2 300 290 50 48 47 46 m 82 26.73 14,98 3.9 10.7 16.12 14.5 21 18.37 17.07 16.12 
72 425 450 35.40 1201 3 1 400 387 67 65 63 61 110% 79 29.92 14.98 3.9 10.1 16.13 13.5 19 18.08 16.80 16.13 

63 m 400 35.33 1062 6 2 177 171 29 29 28 27 49% 86 22.80 14.96 3.9 10.7 16.10 NO GO NO GO 
63 375 400 35.33 1062 5 1 212 205 35 34 34 32 581 85 23.93 14.96 3.9 10.7 16.11 15.0 22 18.52 17.21 16.11 
63 37S 400 3S.J3 1062 5 2 212 205 35 34 34 32 m 85 23.93 14.96 3.9 10.7 16.11 15.0 22 18.52 17.21 16.11 
63 375 400 35.J3 1062 4 1 265 257 H 43 42 41 m 83 25.62 14.98 3.9 10.7 16.12 1U 21 18.37 17.07 16.12 
63 m 400 35.33 1062 4 2 265 257 44 43 42 41 m 83 25.62 14.98 3.9 10.7 16.12 14.5 21 18.37 11.07 16.12 
63 375 400 35.33 1062 3 1 354 342 59 57 56 54 97~ 81 28.44 14.98 3.9 10.7 16.13 14.5 21 18.37 17.07 16.13 
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APPENDIX F: LOW GRADE COAL TEST DATA 

Table F.1: LOW GRADE COAL 630 MW TESTS 

.PillIIETER OJIITS 6l0/20 .0/l4hOO 6)O/IU/15hJO 6l0/15.0/l6h30 610/12.5/llh1G 610/l0.0/18h45 630/1.50/20hOO 

FLOE GAS WLYSIS 

02 ECON AVERAGE I 'tol 3.279 2.833 2.615 2.182 1.710 1.064 

02 A/IITK OUTL AVG DRY hoi 4.714 4.113 3.902 1.m 2.841 1.245 

02 ID DISCHARGE AVG I 'tol 5.003 4.596 4.428 4.015 3.621 3.022 

02 ECON DRY I 'tol 3.204 2.843 2.629 2.261 1.895 .966 

02 10 DISCHARGE DRY hoi 4.983 4.m 4.131 1m 2.926 1.145 

14,988 16.mCO2 ID AVG DRY S val 13.326 13.847 14.061 14.m 

CO2 (THEORETIC NAI) I lass 26.968 26.915 26.910 26.816 21.020 26.m 

CO2 (OSilAlD) DRY I 'tal 14.392 14.884 15.168 15.626 16.281 17 .829 

4,450 2.89102 (OSTIALD) I val 6.241 5.677 s.4J8 4.946 

932.936 965.298 1036.890S02 ID AVO DRY PPI 835.452 876.101 903.621 

JIOI ID AVG DRY pp. 634.962 641.310 644,342 618.583 691.418 661.170 

17 .196 23.236 lU11 165.914CO (CODEL) AVG DRY PPI 22.346 23.445 

All I FLUE GAS PROPERTIES 

Ibar 840.970 841.010 841.250 84l.S10 841.850 842.100BAROMETRIC PRESSURE 

18.700 15.450 15.430AMB lEIIT TElPERATURE 20.140 20.350 19.m 

30.330 31. liD 34.940 31.265RELATIVE HUMIDITY S 34.215 3J.190 
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Table F.l: LOW GRADE COAL 630 MW TESTS (Monday, 2nd May 1994) 

PAlAIImI OJIITS 610/20.0114h00 610/11.5/15hlO 630/1s.D/16hJO 630/l2.5l11h30 630/IO.D/18h45 630j1.50/20hOO 

Dmo lIlT TEIPERATURE ·c -25.015 -24.600 -24360 -24.625 -25.460 -25.580 

FD All IMLer T.\Tdb) ·c lUSl 34.328 33.m 33.356 32.650 31. 944 

AllffR GAS OUTLer AVG ·c 146.170 147.J12 141.6B5 148.289 149.063 150.151 

JIO:-LEAX AIm oarL T. 'c 156.085 155.812 155.189 155.264 154.859 152.353 

DRY FLUEGAS HEAT LOSS III 89.m 81.098 85.915 83.m 81.506 14.326 

ID D I SClIARGE TEKP AVG ·C 131.430 138.420 138.108 138.398 138.212 138.461 

OPACITY S 34.494 32.061 30.175 29.639 27.114 24.862 

MOISTURE ATMOSPHERIC ~g/s U53 4.418 U39 4.104 4.065 3.719 

J«lISTURE (COAL I kgJs 8.248 8.649 1.944 8.141 8.385 9.054 

MOISTURE (COIIBOSTlOlI) ig/s 21.934 21.554 21.119 21.354 22.011 21.161 

J«lISTURE (IJ)PPER) kgjs 3.134 3.113 3.158 3.100 3.599 3.531 

MOISTURE TO FLY-ASH kg/s 5.776 5.874 5.669 5,934 6.394 6.104 

lim I«HSTORE kg/s 32.692 32.461 32.15 I 11.471 31.666 30.160 

AIl FLOW A.FOIL TOm ig/s 596.884 584.087 512.858 556.608 534.936 m.m 

AIR FLOW TOTAL ig/s 648.911 629.711 618.326 599.019 579.218 529.145 

CORE AIR FLOI ig/s 11.930 11.930 11.930 11.930 11.930 11.930 

SEAL AIR FLO' kg/s 21.942 21.942 21.942 21.942 21.942 21.942 

AIR m LEAKAGE kg/s 59.059 49.603 46.m 38.636 31.146 8.082 

ESP Ali LEAKAGE ig/s 40,383 31.679 36.041 33.289 30.653 23.626 

COKBUSTION AIR kg/s 589.858 580.108 512.113 S60.J83 548.072 521.663 

THEORETICAL AIR ig/s SJI.404 533.260 m.m 53 \.64 I 530.366 529.479 

STOICBIOJ(. AIR ig/s 531.410 m.262 532.263 531.644 530.366 529.479 

fURJlACE LEAKAGE ig/s 35.000 35.000 35.000 3S .000 35.000 n.ooo 

F-2 



Table F.1: LOW GRADE COAL 630 MW TESTS (Monday, 2nd May 1994) 

PARAmEI DIltS 630/20.0/14hOO 630/l1.S/15h30 6JO/1.~.0/16hJO 630/12.5/11hlO 6l0m.O/1Sh45 630/UO/20hOO 

CALCULATED FURNACE 02 I lasS 2.294 1.870 1.615 1.187 .748 -.347 

EXCESS AIR ig/s 58.454 46.848 39.921 28.141 17.106 -7.816 

ECOII GAS(DAF) kg/s 615.142 665.487 657.368 645.436 634.m 601.100 

rmACE GAS DRY ig/s 640.142 630.481 622.368 610.436 599.293 512.700 

TOrAL AIIlTR GAS (DAF) ig/s 735.701 716.589 705.020 685.572 666.939 617 .282 

10 GAS (DAfl ig/s 176.084 154.268 141.062 118.862 691.592 640.908 

ID GAS (CIIEX. ABAL.) ig/s 774.590 152.170 739.573 711.364 696.091 639.408 

ID GAS (BALABCR TECH) ig!s 716.099 754.212 141.089 118.869 691.589 640.910 

VOLlllcmlC - GRAVIIIE'I1IC BACHJill GAS RECOlfClLIATIOI 

THEORETICAL CO2 kg/100kg 144.308 143.858 145.996 143.S65 m.m 137.811 

BACK-EHO li2 kg/ 100ig S53.J78 531.431 m.663 508.602 416.584 429.446 

BACl-EHO 02 kg/IOOig 38.621 33.152 30.122 25.236 19.446 6.823 

BACHHO HOI kg/ 100kg .462 .452 .449 .452 .431 .369 

HACHHO S02 kg/IOOig 1.297 1.306 U45 1.326 1.284 1.237 

BACI-El/D CO kg/IOOig .015 .019 .012 .014 .011 .087 

BACK-EHO CO2 ig/100ig 142.084 141. 718 143.83S 141.114 136.991 134.017 

TOTAL GAS kg/lOOkg 135.861 108.137 108.027 616.744 634.146 571.919 

MOLE MASS (Iilture I kJ/klol[ 3037.481 3043.853 3046.018 3050.148 3056. J42 3011.305 

COAL QOAllTITY AIID QUALITY 

COAL VOLDn: fLO' .3/b 384,420 382. 271 384.800 38U26 381.013 m.m 

COAL DENSITY TON/13 .988 1.003 .919 .991 1.038 1.063 

COAL lIAS S fLO' kg/s 105.468 106.515 104.670 106.22) 109.90 I 112.051 
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Table F.l: LOW GRADE COAL 630 MW TESTS (Monday, 2nd May 1994) 

ONITS 6J0/20.0/14hOO 63G/!UIIShJO 6JO/15.0/16h30 630/l2.5/11h30 6JO/IO.D/t8h45 6JO/UO/20hOO 

PROXIMATE AHIl OLTIIATE AJlALYSIS (AIR DRIED) 

INHEmIT IfOIS1'URE I 3.900 4.000 3.100 4.100 . J.700 3.600 

ASH I 43.400 43.800 42.900 44.100 46.100 41.100 

VOLATILE IIAnER I 16.000 15.400 15.900 15.600 14.600 IUOO 

FIXED CARBON(BY DIFF) I 36.100 36.800 31.500 36.200 3UOO 3UDO 

CARBON I 41.630 41.410 4U70 41.050 )9.010 38.160 

HYDROGEN S 2.430 2.310 l.HO 2.340 2.340 2.220 

NITROGEN S .820 .900 .940 .880 .100 .830 

TOrAL SOLPHOJ!. I .530 .410 .440 .810 .510 .540 

CARBONATE ( CO2 I I 1.130 LI80 1.280 1.190 1.060 1.170 

OXYGEN (BY DIFF) S 5.560 5.810 5.740 5.470 6.520 5.180 

GJ.OSS cv JIJ/i& 15.570 15.620 15.930 15.no 14.860 14.400 

SURFACE J«HSl'URE I 4.080 4.290 4.040 3.720 4.080 4.650 

UIHERElIT IfO ISTUkE I 1. 740 J.830 3.550 3.950 3.550 3.430 

TOTAI. IfO IS1'URE S 7.820 8.120 1.590 7.670 7.630 8.080 

PROXIJIAt'E AID OLTIlAI'E AJlM.YSIS {AS mImi 

TOTAL IKlISlru I 7.820 8.120 7.590 7.670 7.630 8.080 

ASH (BY DIm s 42.213 42.324 42.164 42.958 43.516 44.189 

VOLATILE MAmR s 15.m 14.m 15.234 14.996 13. 982 13.611 

FIXED CARBON(BY DlfFJ S 34.645 34.843 35.012 34.376 34.872 34.120 

CARBON S 39.384 39.261 39.m 39.181 38.111 J7 .613 

HYDROGEN S 2.290 2.159 2.291 2.m 2.247 2.183 

NITROGEN S .785 .860 .901 .846 .670 .790 

TOTAL SULPHOJ!. S .521 .497 .484 .691 .546 .no 
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Table F.l: LOW GRADE COAL 630 MW TESTS (Monday, 2nd May 1994) 

PillIEI'El OIITS 6J0/20.0/l4hOO 630/1 U/I5hJO 630/IS.0/16bJO 6JO/l2.S/l7h30 6JO/IO.O/13b4) 630/uo/lOhOa 

CAiBOIilTE ( CO 2 ) S 1.651 1.121 1.226 1.144 l.015 1.114 

OnGEN S 5.324 S.551 5.500 U58 6.244 5.502 

OCV, (AS iECD, HOlIllj IIJ/kg 14,935 14.950 15.281 14.150 14 .254 13.731 

GCV, (DAILY AVERAGE) IU/kg 140651 14.651 14.651 140651 14 .651 140651 

GeY, {BIAS.DAILY AVEj IIJ/kg 14.193 IUOO 14.969 14.700 14.451 14.191 

NCVp {CALCed, DULOJlGl IIJltg 15.866 15.176 16.024 15.168 15.393 15.126 

HEAT III VOLATILES 21.S45 21.177 22.539 21.118 11.258 15.960 

CdR III DUST s 1.400 !.l00 1.400 1.600 1.100 2.300 

CAiBOH III 1000II ASH s 1.400 1.300 .900 .sOD 1.400 !.SOO 

IIEAH CAiBOIl III ASH s 1.400 1.300 1.364 1.521 1.678 2.242 

ICIlJ.JIl PLAIfr 

,
NUMBER Of MILLS liS 6.000 6.000 6.000 6.000 6.000 6.000 

MILL COIlfIGOllTIOIl t ABCDEr ABCDEF ABCDEF ABCDEF ABCDEF ABCDEF 

PF FINENESS (S<15~) S 81.240 76.070 81. 600 78.830 13.230 81.610 

IOHIIl fLUID COIIDITIONS 

REIlEATEI SPlAT FLOI kg/s 13.568 13.405 12.579 12.356 11.431 10.343 

FEED FLOI (ORIFICE) kg/s 491.901 494.552 492.444 m.055 494.364 494.547 

TOTAL fEED FLO' tg/:> 50U69 507.951 505.023 507.411 5OS.795 504.890 

III fNSTEAl mIP. ·C 540.967 ))9.800 5JU68 537.580 517.730 539.174 

REIIEAT STEAM TEIP. ·c m.wo SlS.696 m.m m.666 m.767 m.800 

FIIlAL !!'EEDI. TEIP. ·c 145.210 245.169 244.950 24U81 244.412 244.037 
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Table F.l: LOW GRADE COAL 630 MW TESTS (Monday, 2nd May 1994) 

UNITS 630/10.0/l4hOO 630/11.5/15h30 630/15.0116h30 630/12.5/17h30 630/l0.0/18h45 630!1.50/20hOO 

CONDENSER PERFORlt\NCE 

C. INLET TEMP. (Tt) ·C 20.906 11. \l2 20.994 10.450 19.756 18.496 

C. OUTLET TEMP. (T21 ·C 36.163 36J21 36.239 35.m 34,890 H.m 

CONDENSATE TEMP. ·C 39.926 40.1S7 39.890 39.418 38.564 37.345 

BACKPRESS. (AVERAGE) kPa 5.267 5.J38 5.294 5.122 4.871 4.494 

e, pum I/S (WEST) 4.000 4.000 4.000 4.000 4.000 4.000 

ELECTRICAL PARAmElS 

U1HTS GEIlERATED III 628.726 629.270 615.900 628.450 625.547 624,586 

UII IT CONSUMPT ION 1/1 26.085 15.883 25.742 25.465 25.207 2S .056 

REACTIVE LOAD IIVAR 186.613 193.918 178.612 102.580 190.417 208.800 

IORKS POWER / 050 1 4.328 4.290 4.289 4.223 4.199 4.l19 
./ 

STEP OUTPI1I' PARAmElS 

EFF. GCVv (BOMB) 1 38.159 37 .893 37.509 38.486 38.324 38.961 

m. GCVv (DAILY AVE) S 39.001 38.665 39.136 38.145 37.185 36.520 

EFF. GCVv(DAILY BIAS) 1 38.626 38.215 38.306 38.615 31.798 31.704 

EFF. HCVp (CALCed) l 36.00 35.907 35.782 36.001 35.488 35.m 

STEP FACTOR I 98.930 99.104 99.179 99.217 99.111 99.082 

TOTAL ACCOUNTED LOSS S 1.010 .891 .821 .182 .830 .918 

ONACCOUIITED LOS SES 1 .000 -.000 .000 .001 -.001 .000 

STEP LOSSES 

CARJl(}N III REFUSE l .251 .159 .210 .370 .565 .817 

DRY FLUE GAS 1 .328 .216 .m -.046 -.150 -.J2J 
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Tab 1 e F. 1 : LOW GRADE COAL 630 MW TESTS (Monday, 2n d May 1994) 

PARAMETER UNITS 630/20.0/l4hOO 630/17.5/15h30 630/15.0/16h30 630/l2.5/l1h30 630/l0.0/18h45 630/7.50/20hOO 

H2 i FUEL MOISTURE I .007 .012 .001 -.008 -.004 .003 

MAIN STEAl! WIP. I -.112 -.096 -.075 -.057 -.060 -.086 

REHEAT STEAl! TEMP. I -.014 -.017 -.015 -.016 -.018 -.019 

CONDENSER BACKPRESS. I -.171 -.172 -.166 -.166 -.162 -. \48 

TURB. DHTERIORATI OK I .894 .894 .894 .894 .894 .894 

FINAL FEEDIATER TEMP. I -.004 -.002 -.003 .011 .009 .017 

IIlRKS POIER I -.109 -.158 -.156 - .200 -.246 -.296 

./ 
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Table F.2: LOW GRADE COAL 550 MW TESTS (Friday, 6th May 1994) 

PARAMETER UlIliS 550/27.0/09hI5 550/24.0/08hOO 550/21.00/l0hl 550/17 .5/llhI5 55O/14.0/I2h30 550/l0/l3h30 

FLIlE GAS AHAL YS I S 

02 ECON AVERAGE %vol 4.014 J. 859 3.320 2.823 2.161 1.220 

02 A/lITR O(j'f~ AVG DRY %vol 5.060 4,682 U4J J.9JJ 3.253 2.243 

02 10 DISCHARGE AVG hoI 6.001 5.818 5,228 4.715 4.101 3,269 

02 ECOII DRY hoI 4.187 3.726 3.328 2.830 2.128 1.259 

02 10 DISCHARGE DRY %vol U38 5.106 4.126 4.215 3.442 2.399 

CO2 WAVG DRY hoI 12.975 13,419 13.763 13 .847 14.564 IU88 

C02 (THEOREiI C MAX l S lass 26.142 27. 046 27.113 26.110 26.945 27.010 

CO2 (OSTWALD] DRY 1 vol 13.784 14.343 14.726 IUJJ 15.771 16.808 
/' 

02 (OSTWALD) hoI 6.502 6.171 5.857 UIO 4.867 3.m 

S02 ID AVG DRY pp. 826.153 841.938 889.668 920.400 959.972 1052.994 

NOI 10 AVG DRY ppm 659.567 686.384 731.108 740.096 730.284 644.039 

CO [CODEL) AVG DRY pPI 13.559 7.858 30.481 15.417 22,211 J1J.694 

AIR , FLUE GAS PROPERTIES 

BAROMETRIC PRESSURE .bar 843.950 843.870 843.820 843.390 842.760 842.440 

AMBIENT TEMPERATURE ·c 8.895 12.380 15.195 18.140 19.600 19.910 

RELATIVE HUMiOITY S 43.100 52.145 33.040 24.750 22.095 22.190 

OEWPOlHi TEMPERATURE ·C -31.300 -31.360 -31.190 -30.m -29.100 -28.895 

FO AIR [IlLer T.(idb) ·C 25.339 28.150 30.982 33.521 J5.086 JU9l 
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Table F.2: LOW GRADE COAL 550 MW TESTS (Friday, 6th May 1994) 

PARAMETER ONITS 550/27.0/09hI5 550/24.0/08hOO 550/21.00/10hl 550/17.5/11hI5 550/14.0/12hJO 550/IO/13h30 

A/IITR GAS OOTLET AVG ·C 140.914 143.350 145.786 149.092 152.280 155.822 

NO-LEAK A/HTR OUTt T. ·C 146.969 149.798 152.470 156.m 159.378 161.840 

DRY fLOEGAS HEAT LOSS Nt 80.408 78.914 77.315 76.170 74.316 72.371 

ID DISCHARGE TEIfP AVG 'c 129.604 DO .469 131.338 133.813 135.417 131.838 

OPACITY ~ 3G.528 28.981 11.806 26.196 23.543 20.188 

VOl STURE ATMOSPHERIC kg/s 4.081 3.981 3.894 3.186 3.633 3.444 

MOISTURE [COAL) kg/s 8.115 8.412 8.580 8.339 8.229 8.678 

MOISTURE (CONEUSTION) kg/s 19.088 19.174 19.295 18.884 18.566 19.173 

MOISTURE (HOPPER) kg/s 3.841 3.840 3.804 3.654 3.723 3.791 

MOISTURE TO FLY-ASH kg/s 5.290 5.293 5.460 6.143 5.826 5.520 

NETT MOISTURE ig/s 29.834 30.715 30.113 28.519 28.m 29.566 

AIR FLOW UOlt TOTAL kg/s 543.455 541.434 509.316 499.939 m.m 452.501 

AIR FLOW TOTAL kg/s 581.508 561.180 554.195 539.328 517.497 490.468 

CORE AIR flOW kg/s 11. 930 11.930 11. 930 11. 930 11. 930 11. 930 

SEAL AIR flOW kgjs 21. 942 21.942 21.942 21. 942 11.942 21.942 

AIR HTR LEAKAGE kgjs 32.409 33.869 J4 .506 35.601 33.621 26.896 

ESP AIR LEAKAGE kg/s 39.860 31.971 36.118 33.610 30.090 26.282 

COMBUSTION AIR kg/s 549.099 m.m 520.289 503.721 483.811 463.572 

THEORETICAL AIR kgjs 470.621 469.153 468.910 466.911 466.231 461.251 

STOICHIOIl. AIR kg/s 470.621 469.753 468.970 466.977 466.23! 461.257 

FURNACE LEAKAGE kg/s 35.000 35.000 35.000 35.000 35.000 35.000 

CALCOLATED FURNACE 02 %lass 3.309 2.759 2.283 1.689 .844 -.184 

EXCE$S AIR kg/s 18.418 63.558 5lJ19 36.144 11.645 -3.686 
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Table F.2: LOW GRADE COAL 550 MW TESTS (Friday, 6th May 1994) 

PARAMETER OHITS 550/27.0/09h15 550/24.0/08hOO 550/21.00/lOhl 550/17.5/llh15 550/l4.0/12h30 550/ JOmh30 

ECON GAS(DAFi kg/s 627.183 613.503 600.888 583.567 562.791 544,887 

FURNACE GAS DRY kg/s 592.183 578.503 565.888 548.567 527.791 509.887 

TOTAL A/HTR GAS (OAF) kg/s 661.091 648.872 636.894 620.675 597.912 513.283 

ID GAS (OAF) kg/s 700.952 686.842 673.012 654.285 628.002 599.565 

10 GAS (CHEN. ANAL.J kg/s 699.451 685.342 671.S 12 652.785 626.503 598.065 

10 GAS (BALANCE TECH) kg/ s 700.952 686.842 673.012 654,284 628.004 599.567 

VOLUMETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION 

THEORETICAL CO2 kg/IOOkg 140.781 139.493 137.744 130.961 !35.949 137.553 

BACK-END 112 kg/IOOkg 556.582 532.799 514.452 487.866 480.932 451.666 

BACK-END 02 kg/IOOkg 43.292 38.226 34.141 28.725 23.109 15.121 

BACK-END HOI kg/lOOkg .483 .482 ,495 .473 .460 .381 

BACK-END S02 kg/lOOkg 1.293 1. 262 1.287 1.256 1.290 1.329 

BACK-END CO kg/lOOkg .009 .005 .019 .009 .013 .113 

BACK-END CO2 kg/100kg 139.488 138.367 136.746 129.792 1340493 135.105 

TOTAL GAS kg/lOOkg 741.141 111.140 587.140 648.121 640.291 603.882 

MOLE MASS (Iilturej iJ/kiolK 3034.044 3039.812 3043.657 3043.075 3051.613 3064.152 

COAL QOAH'l'lTY AND QDALITY 

COAL VOLUME FLOW 13/b J24.500 325.035 320.420 329.812 324.054 324,566 

COAL DENS ITY TON/Ill 1.049 1.010 L 100 1.102 1.090 1.101 

COAL MASS FLOW kg/s . 9U17 96.583 91.944 100.951 98.080 99.285 
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Table F.2: LOW GRADE COAL 550 MW TESTS (Friday, 6th May 1994) 

PARAIIETER UNITS 550/27.0/09hI5 550/24.0/08hOO 550121. OO/IOhl 550/17 .5/1lhI5 550/14.0/12hJO 550/l0/IJhJO 

PROIIMATE AND ULTIIIATE ANALYSIS (AIR DRIEDl 

INHERENT MOISTURE ~ UOO 2.700 2.900 2.400 2.400 2.600 

ASH ~ 45.300 44.400 45.100 49.200 48.100 45.100 

VOLATILE MATTER i 14.600 14.100 IUOO 14.500 14.100 14.400 

FIXED CARBON(BY DIFF) i 31.500 38.200 J1.100 33.900 35.400 J7.900 

CARBON i 42.080 41.350 40.210 36.300 39.260 40.210 

HYDROGEN S 2.410 2.446 2.350 2.230 2.260 2.310 

NITROGEN 1 .690 .800 .150 .610 .650 .100 

TOTAL SULPHUR ~ .880 .440 .530 2.120 .410 .850 

CARBONATE ( CO2 ) i 1.050 1. 010 1.060 1.110 1.010 1.140 

OXYGEN (BY DIFF) S 4.990 6.840 7.040 6.030 5.790 7.030 

GROSS CV Ill/kg 15.610 15.980 15.690 13.790 14.610 15.840 

SURFACE MOISTURE 1 6.140 6.180 6.030 6.000 6.140 6.300 

INllERENT lIO ISTURE S 2.440 2.530 2.730 2.260 2.250 2.440 

TOT AL NO ISTURE i 8.580 8.710 8.160 8.260 8.390 8.740 

PROXIMATE AND ULTIMATE ANALYSIS (AS RECEIVED) 

TOTAL MOISTURE i 8.580 8.710 8.760 8.260 8.390 8.740 

ASH (BY DIFF) i 43.64J 42.260 42.488 45.176 44,683 42.437 

VOLATILE lIATTER ~ 13.681 13.768 13.414 1J.610 13.214 13.470 

FIXED CARBON(BY DIFF) 1 J4.095 35.262 3U38 32.954 33.7lJ 35.m 

CARBON i 38.412 38.070 37 .593 35.742 37 .103 37.540 

HYDROGEN 1 2.223 2.239 2.196 2.140 2.153 2.114 

NITROGEN 1 .647 .749 .704 .513 .609 .655 

TOTAL SULPHUR 1 .826 .619 .662 1.408 .634 .8 j 1 

CARBONATE ( CO2 ) 1 .984 .946 .994 1.042 1. 003 1.066 
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Table F.2: LOW GRADE COAL 550 MW TESTS (Friday, 6th May 1994) 

PAWETER OllITS 550/21.0/09hI5 550/24.0/08hOO 5S0/21.00/l0hl 550/l7 .5/llhI5 550/14.0/12h30 550/l0/13h30 

OXYGEN ~ 4.676 6.406 6.604 5.660 5.426 6.576 

GCVv (AS RECD, BOMB) KJ/kg !4.652 !4.993 14.743 12.962 lUlJ 14.841 

GCVv (DAILY AVERAGE) MJ/kg IUI7 IUI7 IU17 14.317 lU11 1U17 

GCVv (BIAS.DAILY AVE) MJ/kg 14.485 14,655 14.5)0 13.640 14.015 14.579 

NCVp (CALCed, DllLONG) NJ/kg IS .465 15.346 15.134 14.516 14.911 15.104 

HEAT IN VOlATILES 21.298 20.459 18.936 14.017 16.857 19.440 

CARBON IN OOST .800 .700 .600 .700 .900 1.400 

CARBON I N ROUGH ASH JOO .700 .600 .400 .300 .200 

MEAN CARBON IN ASH .778 .700 .600 .678 .857 1.314 

IIILL II«l PLANT 

NUMBER OF MILLS I/S 6.000 6.000 6.000 6.000 6.000 6.000 

MILL CONFIGURATION ABCDEF ABCDEF ABCDEF ABCDEF ABCDEF ABCDEF 

PF FINENESS (~<75~.1 80.440 80.380 83.790 82.430 83.940 82.870 

IORIING FLUID CONDITIONS 

REHEATER SPRAY FLO' kg/s 13.628 12.484 11.825 10.946 8.959 6.553 

FEED fLO' (ORIFICE) kg/s 423.305 427 .617 426.643 429.750 433.978 439.118 

TOTAL FEED FLO' kg/s 436.933 440.101 438.468 440.696 442. 937 445.671 

MAlIf STEAM TEMP. ·c 541.668 539 .595 538.714 531.939 537.086 538.396 

REHEAT STEAM TEMP. ·C 535.800 m.m m.473 535.609 535.261 5J5.209 

FINAL FEED'll. TEMP. ·c 238.300 238.300 238.300 238.300 238.279 237.763 
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6thTable F.2: LOW GRADE COAL 550 MW TESTS (Friday, May 1994) 

PAlIAIIE1'EI IINITS 550/27.0/09hI5 550/24.0/08hOO 550/21.00/l0hI 550/17. 5/llhI5 550/l4.0/l2h30 550/10/IJh30 

CONDEBSEI PERfOWIlCH 

Ci INLET TEMP. (j'l) ·c 12.858 11.198 14.781 16.895 18.075 18.567 

Cf OUTLET TEMP. \T2) 'c 29.860 28.154 31. 718 34,268 35.075 35.504 

CONDENSATE TEMP. ·C 31.988 30.420 33.955 31991 37.336 37.093 

BACKPRESS. (AVERAGE) kPa 3.414 3.086 3.837 4.386 4.698 4.824 

CW PUMPS I/S (lEST) 3.000 3.000 3.000 3.000 1000 3.000 

ELHrn.ICAL PAWHTBRS 

ONITS GBHERATED III 550.333 550.417 550.267 550.467 551.061 550.467 

UNIT CONSUMPTION III 25.211 25.173 24.993 2U35 24.m 24.405 

REACTIVE LOAD WAR 189.588 181.965 195.304 208.140 194.854 192.613 

lORIS POfBR / usa S 4.802 4.793 4.758 4.705 4.661 4.639 

STEP OUTPUT PAWHTEIlS 

EFF. GCVv (BOMB I S 37.895 36.272 36.316 40.177 39.147 35.101 

EFF. GCVv (DAILY AVE) S 38.180 31.983 J7 .458 36.m 37 .495 31.001 

EFr. GCVv(DAILY BIAS) S 38.m 37.108 36.909 38.181 38.303 36.342 

EFr. NCVp (CAtCed) S 35.902 35.4J8 35.438 35.871 35.981 35.080 

STEP FACTOR S 99.081 99.116 99.199 99.118 99.119 98.945 

TOTAL ACCOUNTED LOSS S .919 .82l .801 .782 .88 I 1.055 

ONACCOUNTED LOSSES S ~.OOO .000 .000 .000 .000 .000 

STEP LOSSES 

CARBON IN REFUSE S -.080 ~.089 -.130 ~.138 .030 .319 

DRY FLUE GAS S .165 .m .085 .096 -.010 - .115 

02 I FUEL I«lISTURE S -.007 -.000 .009 .020 .026 .036 
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Tab 1 e F. 2: WW GRAPE COAL 550 MW TESTS (Fr iday, 6 t h May 1994) 

PilllIETER DIIITS 550/27.0/09bIS 550/24.0/08hOO SSO/21.00/10hl SSO/I7.5/11hI5 550/l4.0/12h30 55O/I0/llh30 

MAIN STEAl! TElIP. I -. \20 -.093 -.078 -.064 -.047 -.072 

REHEAT STEAM TElIP. I -.019 -.OD -.011 - .015 -.006 -.005 

CONDENSER BACKPRESS. I .014 -.013 .022 .038 .044 .045 

TURB. DETERIORATION I .894 .894 .894 .894 .894 .894 

FINAL FEEDIATER TEMP. I -.010 -.010 -.010 -.010 -.008 .004 

yom POIER I .081 .033 .020 -.039 -.042 -.112 
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Table F.3: LOW GRADE COAL 500 MW TESTS (Wednesday, 4th May 1994) 

PARAMETER UIlITS 500/29.0/l1h45 500/26.0/1JhI5 500/2U/14hlS 500/20.7S/15hl SOO/IS.0/16hI5 500/l2.0/17hJO 

FLUE GAS AHALYS IS 

02 ECO NAVERAGE %vol 4.m 4.077 3.542 3.432 3.058 2.117 

02 A/IITR OUiL AVG DRY I vol 5.431 5.096 4.729 40405 4.127 2.862 

02 ID DiSCHARGE AVG hoi 6.421 6.001 5.569 5.401 5.062 4.263 

02 ECON DRY I vol 4.378 4.045 3.666 3.399 3.125 2.120 

02 10 DISCHARGE DRY I vol 5.995 5.618 5.174 4.833 40487 3.055 

C02 ID AVG DRY I vol 12 .802 13.084 13.371 13,564 13.917 15.069 

C02 (THEORETIC MAX) 1 lass 27.002 27.007 27.007 26.823 27.076 27.167 

CO2 (OSTWALDl DRY I vol lU2S 13 .866 14.261 14.461 14,918 16.271 

02 (OSTWALD) 1 vol 6.847 6.540 6.223 5.898 5.666 4.464 

S02 10 AVG DRY ppi 7S3,861 811.449 850.551 845.456 890.199 973.374 

NOx 10 AVG DRY ppa 639.169 647.191 650.253 677.618 676.560 619.472 

CO [CODELI AVG DRY PPI 20.090 21.265 17.001 23.175 20.836 33.063 

AIR i FLUE GAS PROPERTIES 

BAROMETRI CPRESSURE mbar 844.100 843.370 843.220 843.200 843.280 843.610 

AMBIENT TEMPERATURE ·C 16.190 i7 .660 18.m 19.280 19.435 17.260 

RELATIVE HUMIDITY I 25.925 23.500 23.315 20.650 20.235 23.205 

OEWPOINT TEMPERATURE ·c -29.310 -28.945 -28.600 -28.450 -28.640 -28.505 

FD AIR IllLET T. (Tdb I ·c 30.967 32.651 33. 762 J4. 298 34.612 3J .514 
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Table F.3: LOW GRADE COAL 500 MW TESTS (Wednesday, 4th May 1994) 

PARAMETER UNITS 500{29.0111h45 500/26.0mh15 500/23.5/14hI5 500{20.75/15hl 500/18.0/16hI5 500/12.0/17h30 

A/HTR GAS OUTLET AVG ·C 134.452 136.769 139.086 141.376 144.010 14 7.103 

NO-LEAK A/HTR OUTL T. ·c 141.142 143.346 145.664 141.585 150.216 151.541 

DRY fLUEGAS HEAT LOSS MW 69.259 68.229 67.341 66.984 67.223 64.190 

10 DISCHARGE TEMP AVG ·C 126.714 127.990 128.851 130.073 132.860 135.072 

OPACITY % 28.683 27.296 23. 927 2U90 38.895 22.062 

MOISTURE ATMOSPHERIC 19/8 3.867 3.779 3.679 3.609 3.536 3.271 

~OISTURE (COAL) kg/s 7.439 7.705 7.477 7.218 7.000 6.754 

MOISTURE (COllBUSTIONl kg/3 16.693 16.321 16.430 16.597 17.070 16.886 

MOISTURE (HOPPER) kg/s 3.974 3.953 3.948 4.005 4.041 4.012 

MO ISTURE TO fLY-ASH kg/s 4.684 4.780 4.801 4.542 4.378 4.508 

NETT MOISTURE kgis 27.288 26.978 26.732 26.887 27.268 26.416 

AIR flOW A.FOIL TOTAL kg/s 517.426 506.154 489.939 478.238 462.855 446.25J 

AIR FLOW TOTAL kg/s 550.931 538.376 524.068 514.017 503.663 465.786 

CORE AIR flOW ig/s 11. 930 11. 930 11. 930 11.930 11. 930 IU30 

SEAL AIR FLOW kg/s 18.285 18.285 18.285 18.285 18.285 18.185 

AIR HTR LEAKAGE kg/s 37.587 36.064 34.828 31.906 30.731 20.123 

ESP AIR LEAKAGE kg/s 40.097 38.141 35.814 34.137 32.576 26.570 

COMBUSTION AIR kg/s 513.344 501.312 489.240 482.111 472.932 445.663 

THEORETICAL AIR kg/s 436.854 436 .182 434.561 04.905 433.468 431.906 

STOI CHIOII. AIR ig/s 436.854 436.182 434.561 414.90S 03.468 431.906 

f1JRNACE LEAKAGE kg/s 35.000 35.000 35.000 35.000 35.000 35.000 

CALCULATEO f1JRNACE 02 %lass 3.449 3.048 2.587 2.267 1.932 .715 

EXCESS AIR kg/s 76.490 66.130 54.679 41.206 39.463 13.m 
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Table F.3: LOW GRADE COAL 500 MW TESTS (Wednesday, 4th May 1994) 

UNITS 500/29.0/llh45 500/26.0/l3hlS SOO/23.5/14h15 500/20.75/l5hl 500/18.0/16h15 500/12.0/17h30 

BCON GAS(DAF) kg/s 589.543 578.805 565.455 557.870 549.261 522.23) 

FURNACE GAS DRY kg/ s 554.543 S4J.805 5)0.455 522.870 514.261 487.m 

TOTAL A/HTR GAS(OAF) kg/s 628.629 616.370 601.783 59 i.276 581.492 54J .856 

ID GAS (OAF) kg/s 668.727 654,511 637 .597 625.41) 614.068 570.426 

I D GAS (CHEll. ANAL) kg/ s 667.227 653,011 6)6.097 62).91) 612.568 568.926 

10 GAS (BALANCE TECH] kg/s 668.726 654,511 6J7.597 625.412 614.068 570.427 

VOLUMETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION 

THEORETICAL CO2 kg/l00kg 145.647 143.760 143.676 145.937 148.064 147.212 

BACK-END N2 kg/lOOkg 581.530 562.816 55U56 553.269 547.471 503.818 

BACK-EIIO 02 kg/100kg 49.126 44.513 40.095 31.502 34.461 21.519 

BACK-END NOI kg/lOOkg .491 .481 .473 .493 .481 .409 

BACHND S02 kg/lOOkg 1.286 1.287 1.319 1.313 1.369 1.372 

BACK-END CO kg/l00kg .014 .015 .012 .016 .014 .020 

BACK-END CO2 kg/lOOkg 144.290 142.516 142.511 144.753 146.984 145.971 

TOTAL GAS kg/lOOkg 776.137 751.747 735.965 737.346 730.791 673.110 

MOLE MASS (aiIture) kJ/kiolK 3032.939 3036.048 3039.019 3040.728 3045.156 3058.173 

COAL QUANTITY AND QUALITY 

COAL VOLUME FLOW 13/h J1J.089 314.023 312.675 309.) 13 309.169 305.792 

COAL DENS ITY TON/i) .990 .998 .997 .987 .978 .998 

COAL MASS FLO' kg/s 86.094 87.065 86.634 84.819 84.028 84.745 
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Table F.3: LOW GRADE COAL 500 MW TESTS (Wednesday, 4th May 1994) 

PillJIETER UNITS 500/29.0/11h45 500/26.0/13h15 500/23.5/14hI5 500/20.75/1Shl 500/18.0/16hI5 500/12.0/17h30 

PROXIMATE MID ULTllIATE ANALYSIS (AIR DRIEDl 

INHERENT MOISTURE 1 4.600 4.600 4.600 4.500 4.200 4.400 

ASH % 43.100 43.700 44 .000 42.500 41.400 42.000 

VOLATILE MATTER 1 15.800 15.100 15.700 15.400 16.300 15.700 

FIXED CARBON(BY DIFF) 1 36.400 36.600 35.100 37.600 38.100 37. 900 

CARBON S 41.570 40.590 40.440 41. 720 42.980 42.230 

HYDROGEN ~ 2.270 2.200 2.220 2.290 2.380 2.320 

NITROGEN S .990 .940 .950 .910 1. 050 .850 

TOTAL SULPHUR ~ .690 1.080 .910 1.700 .630 .550 

CARBONATE ( C02 ) ~ .990 1.040 1.210 1.050 1.260 1.110 

OXYGEN (BY DIFF) ~ 5.690 5.850 5.670 5.330 6.100 6.540 

GROSS ev lU/kg 15.220 15.150 14.900 15.680 16.120 15.820 

SURFACE MOISTURE 1 4.230 4,450 4.100 4.100 4,310 3.730 

INHERENT MOISTURE 1 4.410 4.400 40410 UI0 4.020 4.240 

TOTAL MOISTURE 1 8.640 8.850 8.630 8.510 8.J30 7.970 

PROXlllATE MID ULTlllATE ANALYSIS {AS RECEIVED} 

TOTAL MOISTURE ~ 8.640 8.850 8.630 8.510 8.330 1.970 

ASH (BY DlFF) 1 41.333 41.353 41.645 41.251 40.258 40.712 

VOLATILE MATTER ~ 15.101 14. J97 15.007 14.724 15.568 15.088 

FIXED CARBON(BY DIFF) ~ 34.921 35.400 34.718 35.515 35.844 36.169 

CARBON I 39.749 39.234 39.211 39.829 40.409 40.171 

HYDROGEN I 2.175 2.139 2.151 2. \8S 2.227 2.205 

NITROGEN I .946 .896 .908 .870 I. 003 .811 

TOTAL SULPHUR S .773 .958 .878 1.256 .744 .707 

CARBONATE ( CO2 I I .946 .992 1.157 1.004 1.20J 1.067 
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Table F.3: LOW GRADE COAL 500 MW TESTS (Wednesday, 4th May 1994) 

PARAIIETER UNITS 500/29.0/11h45 500/26.0/13h15 SOOm.5/14hl) 500/20.15/15hl 500/l8.0/16hI5 500/12.0/l1h30 

OXYGEN % U38 5.518 5.420 5.096 5.826 6.285 

GCVv (AS REeD I BOIIR l Ill/kg 14.515 14.415 14.211 15.022 15.425 15.129 

GCVv (DAILY AVERAGE) Ill/kg 14.833 14.833 14.833 14.833 14.833 14.833 

GCVv (BIAS.DAILY AVE) Ml/kg 14.104 14.654 14.552 14.921 15.129 15.031 

NCVp (CALCed, DULONG) Wig 15.854 15.648 15.653 15.942 16.148 16.046 

HEAT IN VOLATILES la.958 17.292 11.122 20.041 21.411 19.618 

CARBON IN DOST .800 .100 .100 .100 .100 .800 

CARBON IN ROUGH ASH 1.600 1.300 1.100 1.300 .600 .600 

MEAIl CARBON IN ASH .858 .743 .129 .143 .693 .186 

IIILLING PLAlIT 

HUMBER OF IIILLS I/S # 5.000 5.000 5.0]0 5.000 5.000 5.000 

KILL CONFlGlJRATION # BCDEF BCOEF BCDEF BCDEF BCDEr BCDEF 

PF FINENESS (%<15~1l) % 81. 000 83.160 73.350 84.030 83. 960 

IORKING FLUrD CONDITIONS 

REHEATER SPRAY FLOW kg/s 10.206 9.583 8.515 8.870 8.181 5.188 

FEED FLOW (ORIFICE) kg/s 394.113 394.455 394.375 394.312 393.317 394.131 

TOTAL FEED FLOW kg/s 404.919 404.038 402.950 403.182 401.498 400.519 

IIAIN STEAlI TEMP. ·C 535.351 535.404 535.404 m.452 531.195 538.809 

REHEAT STEAlI TElIP. ·C 534.117 53U39 534.518 534.626 536.550 535.635 

fINAL FEEDI. TElIP. ·C 233.842 m.m 233 .233 233 .36) 233.22J 232.609 
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Table F.3: IIJW GRADE COAL 500 Mil TESTS (Wednesday, 4th May 1994) 

PARAMETER lJIITS 500/29.0/llh4S 500/26.0/llhI5 500mJ/14h15 500/20.75/l5hl 500m.0/16hl) 500/l2.0/l7h30 

COMDEliSER PER.¥ORlWlCE 

CJ INLET TI!IP. (TIl 'c 15.626 16.720 17.493 18.033 18.241 18.107 

C' OIITLET TI!IP. (T21 'c 31.095 32.482 33.265 33.719 33.914 J3 .568 

CONDEIlSATE TEMP. ·c 31. 5J7 32.74J 3J.l69 3Ull 33.976 33.640 

BACXPRESS. (AVERAGE) iPa 3.587 3.940 4.143 4.260 4.320 4,226 

C, PUMPS liS (lEST) I 3.000 3.000 3.000 3.000 3.000 3.000 

ELEcrRI CAL PlliIETERS 

OJIITS GENERATED Iff 503.609 500.874 498.439 498.704 497.817 495.296 

IDlIT CONSOMPTION Iff 23.287 23.146 22.966 22.915 22.799 22.519 

REAcrlVE LOAD MVAR 189.335 202.100 22J.090 200.704 201.103 239.461 

wom POIER / USO I 4.848 U45 4.830 4.816 UOO 4.763 

STEP OUTPUT PilllIETERS 

Eff. GCV, (BOMB) I 38.277 37.907 38.459 31.342 36.649 36.632 

EFF. GCVv (DAILY AVE) I 31.613 36.992 37.001 37.818 38.112 37.611 

EFF. GCVv(DAILY BlAS) I 37.942 37.444 37.716 37.579 31 .366 37.1Il 

EFF. NCVp (CALCed) I JS.189 35.065 35.063 35.187 35.009 34.767 

STEP fACTOR I 99.043 99.134 99.147 99.219 99.096 99.010 

roTA[. ACCOUNTED LOSS I .9S7 .866 .853 .781 .904 .990 

UNACCOONTED LOSSES I .000 .000 .000 -.000 .000 .000 

STEP LOSSES 

CARBON IN REFUSE I .166 .083 .072 -.052 .149 .439 

DRY FLUE GAS I .056 .055 .044 .070 .073 -.124 

H2 I ruEL Jl}ISTURE I -.020 -.006 -.003 .006 .008 .013 
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Table F.3: LOW GRADE COAL 500 MW TESTS (Wednesday, 4th May 1994) 

PillJIETEK UlIITS 500/29.0/llh45 500/26.0mm 500/l3.5/14h15 500/20.75!15hl SOOm.0/16hlS 500/12.0/17h30 

MA IN STW TOO. J -.009 -.010 -.010 -.011 -.051 -.080 

REHEAT STRAM TEMP. S .007 .021 .010 .009 -.037 -.015 

CONDENSER BACKPRESS. S .009 .041 .054 .053 .058 .047 

TURB. DETERIORATION J .894 .894 .894 .894 .894 .894 

FIliAL FEED'ATER TEMP. S -.014 -.OH -.012 -.OIS -.013 -.003 

lORIS POWER J -.l.l4 -.200 -.198 -.173 -.117 -.182 
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Table F.4: LOW GRADE COAL 450 MW TESTS (Thursday, 5th May 1994) 

PARAMETER UNITS 450/30.0/10h45 450/21.0/llh45 450/23.0/13h30 450/20.0/!4hJO 450/16.0/15hJO 450/12.5/16.30 

FLUE GAS AJlALYSIS 

02 ECON AVERAGE ~ vol U73 4.165 U61 J. 834 J.113 2.m 

02 A/OTR OUTL AVG DRY I vol 5.913 5.116 5.183 4.459 4.101 U8) 

02 ID DISCHARGE AVG I vol 6.980 6.732 6.408 5.813 5.202 4.693 

02 ECON DRY I vol 5.006 4.791 4.243 3.550 3.239 2.648 

02 ID DISCHARGE DRY hoi 6.525 6.298 5.688 4.851 4,462 3.645 

CO2 ID AVO DRY I '01 12.182 12.401 12.834 13.493 13.749 14.297 

CO2 (THEORETIC MAX) ~ laSS 26.683 26.809 26.806 26.912 26.799 26.668 

CO2 (OSTWALD) DRY I '01 12.874 13.142 !J.681 IUS3 14.170 15.417 

02 (OSTWALD) I '0\ 7.351 7.177 6.695 6.028 5.616 4.982 

S02 ID AVO DRY ppi 828.468 821.871 831.928 879.525 929.278 968.283 

NOI ID AVG DRY PPI 559.681 571.J37 602.723 620.805 631.121 615.018 

CO (CODEL 1 AVG DRY PPI 24.172 22.396 30.383 20.139 23.501 16.937 

AIR l FLUE GAS PROPERTIES 

HAROMEiRIC PRESSURE IIbar 845.350 844.800 843.870 843.590 843.350 843.440 

AMBIENT TEMPERATURE ·c 16.240 11.m 19.605 20.100 20.040 19.530 

RELATI VE HUlII DIiY I 27.860 24.260 21.3)0 20.225 19.470 20.12S 

DEiPOIHT TEMPERATURE ·C -29.920 -29.590 -28.460 -28.405 -28.5 10 -28.490 

PD AIR INLET T. (Tdb) ·C 3U61 32.831 33.812 34.151 33.196 32.240 
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Table F.4: LOW GRADE COAL 450 MW TESTS (Thursday, 5th May 1994) 

PlliJIETER ITIIITS 450/J0.O/lOh45 450/27.0/11h45 450/23.0/lJh30 450/20.0/14h30 450/16.0/15h30 450/12.5/16.30 

AI IiTR GAS OUTLET AVG ·c 132.809 134.554 141.459 144.512 141.188 149.J15 

NO- LEAK A/HTR OllT~ T. ·c 138.641 140.446 147.582 150.316 152. 752 153.989 

DIY FLOEGAS HEAT ~OSS Iii 63.370 62.85B 64.m 62.923 63.438 61. 996 

10 DISCHARGE TEMP AVG 'c 123.907 123. 868 127.963 1J 1. 029 131.514 133.266 

OPACITY % 27.183 26.413 26.m 23.263 22.631 21.156 

MOISTURE ATMOSPHERIC kg/s 3.639 U81 3.456 3.290 3.215 3.014 

NO ISTORE (COAL) kgls 1.032 6.992 7.068 6.983 1.m 7.B48 

MOISTURE (COKBUSTION) kgls 16.203 15.848 15.159 lUIS 14.927 14.309 

NO ISTORE (HOPPER I kgls 3.962 3. 954 3.993 4.028 4.001 3.943 

~OISTURE TO FLY-ASH kg/s 4.738 4.115 4,597 4.431 4.561 4.822 

IIETT MO ISTORE kg/s 26.098 25.606 25.618 25.318 24.936 24.351 

AIR fLOW A.FOIL TOTAL 19/s 489.752 419.246 459.154 439.069 425.382 411.826 

AIR fLO' TOTAL 19/5 518.m 510.924 492.148 468.451 451.193 431.586 

CORE AIR FLOW kg/s 11. 930 11. 930 11. 930 IU30 1 \. 930 11. 930 

SEAL AIR fLO' kg/s 18.285 18.285 13.285 18.285 18.285 18,285 

AIR fiTR LEAKAGE 19/5 31.673 31.m 29.912 26.633 24.299 19.230 

ESP AIR LEAKAGE 19/5 40.548 39.343 36.202 32.192 30.329 26.721 

COI(llUSTION Al R kg/s 486.615 419.445 462.117 441.818 433.494 418.356 

THEORETICAL AIR kg/s 400.428 399.986 398.936 397.596 391.247 396.532 

STOICBIOM. AIR kg/s 400.428 399.986 398.936 397.596 397.247 396.531 

fURNACE LEAKAGE kg/s 35.000 35.000 35.000 35.000 35,000 35.000 

CALCULATEO fURNACE 02 %laSS 4,100 3.831 3.168 2.311 1.936 I. 208 

EXCESS AIR kg/s 86.181 19.459 63.241 44.222 36.241 21.824 
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Table F.4: LOW GRADE COAL 450 MW TESTS (Thursday, 5th May 1994) 

PARAMETER ONITS 450/30.0/10h45 450/27.0/1Ih45 450/23.0/13h30 450/20.0/14hJO 450/16.0/15h30 450/12.5/16.30 

ECON GAS(DAf) kg/s m.073 551.119 533 .993 513.536 504.814 488.480 

FURNACE GAS DRY kg/s 523.073 516.119 498.993 478.536 469.814 453.480 

TOTAL AlHTR GAS(DAF) kg/s 591.246 584.098 565.464 541.670 530.6lJ 509.2iO 

10 GAS (OAf] kg/s 631.793 623.441 601.667 573.862 560.941 535.931 

ID GAS (CHEll. ANAL.) kg/s 630.293 621.941 600.167 572.362 559.441 534.431 

I D GAS (BALANCE TECH) kg/ s 631.793 623.441 601.666 573.863 560.943 535.940 

VOLtJmRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION 

THEOREiICAL CO2 kg/IOO[g 138.683 lJ8.766 139.644 141.511 139.928 137.915 

BACK-END N2 kg/lOOkg 583.965 513.780 559.635 541.267 525.072 498.035 

BACK-EIID 02 kg/lOOkg 53.632 50.859 44.709 36.848 32.788 25.322 

BACK-END MOl kg/l00kg .43 I .433 .444 .442 .435 .401 

BACK-END S02 kg/IOOkg 1.363 1. 329 !J09 1.336 1.367 1.347 

BACK-END CO kg/lOOkg .Oi8 .016 .021 .013 .015 .010 

BACK-END CO2 kg/IOOkg m.71S 137.143 138.m 140.185 138.936 136.591 

TOTAL GAS kg/lOOkg 777 .127 764.159 744.852 720,692 698.613 66 I.1ll 

WOLE MASS (Iilturei WholK 3025.278 3027.865 3032.390 3039.798 3042.499 3048.159 

COAL QUANTITY AND QUALITY 

COAL VOLUME FLOW 13/h 273.297 261.516 270.115 267.548 279.790 276.725 

COAL DEliS I1Y TOII/.3 1.011 1.098 1.071 1.071 1.033 1. 054 

COAL MASS FLOW kg/s 81.299 81.585 80.177 79.621 80.294 80.993 
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Table F.4: LOW GRADE COAL 450 MW TESTS (Thursday, 5th May 1994) 

PARAIIETER UNITS 450/30.0/l0h45 450/27 .O/llh45 450/23. 0/l3h30 450/20.0{!4h30 450/16.0/l5h30 450/12.5/16.30 

PROXIMATE AND ULTIMATE ANALYSIS tAIR DRIED) 

IN~ERENT MOISTURE ~ 3.100 3.000 3.100 3.100 3.100 4.JOO 

ASH S 41.000 41.200 45.900 45.000 45.300 48.000 

VOLATILE MATTER S 13.600 13 .300 14.800 14.400 13.400 12.000 

FIXED CARBON(BY DIFFI ~ 36.300 36.500 34.100 37.500 37.100 35.100 

CARBON ~ 40.0lD 40.060 40.510 41.140 40.720 39.550 

HYDROGEN ~ 2.370 2.310 2.320 2.320 2.210 2.100 

NITROGEN % .960 .%0 .970 1.010 I. 000 .960 

TOTAL SULPHUR % .960 .600 .940 .560 .960 .120 

CARBONATE ( CO2 I % 1.130 1.230 1.400 1.480 1.360 1.190 

OXYGEN (BY DIFF) S 4.410 4.640 4.700 4.790 4.250 3.180 

GROSS CV lU/kg 15.010 14.940 14.990 15.500 15.310 14.430 

SURFACE MOISTURE ~ 5.730 5.140 5.130 5.850 5.670 5.630 

INHERENT MOISTURE ~ 2.920 2.830 3.020 2.920 3.490 4.060 

TOm MOISTURE S 8.650 8.570 8.750 8.770 9.160 9.690 

PROXIMATE AND ULTIMATE ANALYSIS (AS RECElVEDI 

TOm MOISTURE s 8.650 8.570 8.750 8.770 9.160 9.690 

AS~ (BY DIFF) ~ 44.321 44.323 43.513 42.958 43.498 44.886 

VOLATILE NAITER S 12.797 12.514 13.926 13. 532 12.613 11.296 

FIXED CARBON(BY DIFF) s 34.m 34.593 33.812 34.740 34.730 34.128 

CARBON 1 37.849 37.872 38.11 I 38.637 38.189 J7.639 

HYDROGEN ~ 2.184 2.155 2.160 1.159 1.109 2.OS7 

NITROGEN ~ .903 .903 .9lJ .949 .941 .904 

TOTAL SULPIlUR ~ .823 .654 .814 .635 .823 .711 

CARBONATE ( CO2 ) X 1.063 1.157 \.317 1.391 1.280 1.120 
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Table F.4: LOW GRADE COAL 450 MW TESTS (Thursday, 5th May 1994) 

PARAMETER OIllTS 450/3D.0/IOh45 450/27.0/11h45 450/23.0/13h30 450/20.0/14h30 450/16.0/15b30 450/12.5/16.30 

OXYGEN S 4.206 4,366 4.422 4.50\ 4.000 2.993 

GCVv (AS REeD, BO!IB: JIJ/kg 14.150 14.082 14.131 14,593 14.499 13.617 

GCVv (DAILY AVERAGE) t(J/kg 14.179 14.179 14.179 14.179 14.179 14.119 

Gevv (BIAS.DAILY AVE) t(J/kg 14.164 14.130 14.155 14.386 14.339 lJ.898 

NCV~ (CALCed, DULONG) MJ/kg 15.221 15.180 15.279 15.439 15.234 14.960 

HEAT IN VOLATILES 18.185 16.920 19.075 19.m 18.988 15.239 

CARBON IN DUST .600 .500 .500 .500 .600 .800 

CARBON I N ROUGH ASH .000 !.SOO .900 .000 .400 .400 

IlEAl! CARBON IN ASH .557 .594 .529 .464 .586 .771 

IIILLING PLANT 

NUMBER OF MILLS I/S 5.000 5.000 5.000 5.000 5.000 5.000 

MILL CONFIGURATION BCDEF BCOEF BCDEF BCDEF BCDEf BCDEF 

PF FINENESS (%<75~.l 83.330 83. 490 8U30 83.150 82.620 85.040 

lURKING FLUID CONDITIONS 

REHEATER SPRAY FLO' kg/s 9.912 9.672 9.419 8.654 1.110 5.842 

FEED FLOW (ORIFICE) kg/s 351.090 349.140 343.011 341.522 358.118 357.416 

TOTAL FEED FLOW kg/s 361.002 35U12 m.430 356.116 365.348 363.258 

MAIN STEAM TENP. ·c 53U86 m.430 S36.620 535.978 )37.100 541.118 

REHEAT STEAJI TEMP. ·C 535.264 nUI3 535.369 535.217 535.030 535.008 

FINAL FEEDW. TEMP. ·C 228.436 228.131 227 .981 227.630 228.541 228.150 
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5thTable F.4: WW GRAPE COAL 450 MW TESTS (Thursday, May 1994) 

PAWETEI OlfITS 450/30.0/l0h45 450/21.0/1lh45 450m.0/13h30 450/l0.0/14b30 450/16.0/lSh30 450/IU/16.30 

COIDEISER PElFOWRCE 

Cf INLET TEMP. (Tl) ·C 16.230 17.288 18.413 18.624 18.902 18.781 

CIOUTLET TEItP. (T2) ·C 31.123 31. 939 33.138 32.922 33.254 32.864 

CONDElfSATE TEMP. ·C 30.633 31. 717 32.627 32.553 32. 415 32.702 

BACKPRESS. (AVERAGE) kPa 3J64 3.763 4.050 4.009 4.109 4.014 

CI PUMPS liS (lEST) t 3.000 3.000 3.000 3.000 3.000 3.000 

ELECTiI CAL PARAIIE'm.S 

oms GEliERATED iii 448.919 445.165 444,548 440.895 451. 786 450.646 

UNIT CONSUMPTION III 22.840 22.133 22.613 22.420 22.387 22.205 

REACTIVE LOAD IIVAR 146.265 144.052 156.013 162.226 160.645 157.615 

MlRXS POIER I usa I U60 5.381 5.359 5.358 5.114 5.183 

STEP OOTPIIT P.wmER,S 

EFF. GCVv (BOMB) I 37.043 36.769 36.966 36.014 36.885 38.847 

EPP. GCVv (DAILY AVE) I 36.969 36.518 36.841 37 .066 37.718 31 .309 

EYF. GCVv(DAILY BIAS) I 31.006 36.643 36.903 36.m 37.297 38.062 

EFF. NCVp (CALCed) I 34.438 34.110 34.187 34.039 35.105 35.361 

STEP FACTOR I 99.072 99.261 99.150 99.218 

TOTAL ACCOUJITED LOSS I .928 .739 .850 .781 

UNACCOUNTED LOSSES I .000 .000 .000 .001 

STEP LOSSES 

CARBON IN REPUSE I -.093 -.328 -.298 -.222 

DRY FLUE GAS I -.093 -.111 .079 -.062 

H2 «PUEL 110 Ism I - .017 -.012 .005 .017 
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5thTable F.4: LOW GRADE COAL 450 MW TESTS (Thursday, May 1994) 

PARAm'ER !JilTS 450/Jo.o/lOh45 450/27.0/lIh45 4SO/2J.O/lJh30 450/20.0/14h30 450/16.0/15h30 450/12.5/16.30 

JlA I N STEAM TEIIP. S .015 .014 -.031 -.013 

REHEAT STEAM TEMP. S -.006 .016 -.009 -.005 

CONDENSER BACIPRESS. S .068 .069 .080 .066 

TURB. DETERIORATION S .894 .894 .894 .894 

FINAL FEEDIATER TEIIP. S -.017 -.020 -.017 -.018 

10m POIER s .177 .215 .153 .134 
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Table F.5: LOW GRADE COAL 400 MW TESTS (Friday, 6th May 1994) 

PARAMETER UlIITS 400/37.0/15045 400/J2.5/16h45 400/28.0/I7h45 400124.0/18h45 400/19.0/19h45 400/15.G/l0h45 

fLUE GAS AlIALYS I S 

02 ECON AVERAGE hoi 5.029 4.657 4.122 3.559 3.101 2.551 

02 A/HTR OUTL AVG DRY S vol 5.643 5.218 4.105 4.035 3.564 3.030 

02 10 DISCHARGE AVG ~ vol 7.023 6.618 6.159 5.704 5.339 4,850 

02 ECON DRY ~ vol 5.087 4.632 4.113 3.483 2.637 

02 ID DISCHARGE DRY ~ vol 6.400 5.914 5.320 4.539 3.988 3.377 

CO2 10 AVG DRY ~ vol 12.219 12.721 13.085 13.718 14.126 14.665 

C02 (THEORETIC MAX) ~ lass 26.114 26.880 26.745 26.867 26.884 26.988 

CO2 (OSTWALD) DRY ~ vol 12.999 13.522 13.915 14.741 15.243 i5.859 

02 (OSTWALD) ~ vol 7.259 6.863 6.379 5.752 Ul1 4.786 

S02 ID AVG DRY PPI 787.118 821.889 856.572 883.825 923.293 910.744 

NOt 10 AVG DRY PPI 545.382 562.955 583.610 582.550 561.348 501.861 

CO (COOELi AVG DRY PPI 21.586 19.128 21.162 29.378 24.945 54.127 

AIR l FLUE GAS PROPERTIES 

BAROMETRIC PRESSURE .bar 842.290 842.540 842.850 843.000 84).190 843.310 

AMBIENT TEMPERATURE ·c 20.360 19.885 17.680 16.160 15,530 14.110 

RELATIVE HUMIDITY ~ 21.365 22.005 25.825 26.410 21.050 29.340 

DEiPOINT TEMPERATURE ·C -28.745 -28.880 -29.135 -29.785 -29.925 -30.190 

.~FD AIR mET T. (Tdb I I.. 36.049 36.228 36.006 35.387 34.582 JJ. 796 
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Table F.5: LOW GRADE COAL 400 MW TESTS (Friday, 6th May 1994) 

PARAMETER ITNITS 400/37.0/15h45 400/32.5/16h45 400/28.0/17h45 400/24.0/18h45 400/19.0/19h45 400/15.0/20h45 

AI IITR GAS OUTLET Ava ·c m.ols m.m 136.499 138.10 I 138.933 141.252 

NO-LEAK A/BTR OUTL T. ·c 136.384 138.761 139.993 141.297 141. 776 HUOI 

DRY FLUEGAS HEAT LOSS In 53. 735 53.485 52.521 51. 496 50.853 50.615 

10 0 I SCHARGE TEMP AVG ·C 130.7S2 128.998 129.664 130.878 131.S96 131.474 

OPACITY i 25.459 22.970 21.843 19.942 18.901 17 .859 

MOISTURE ATMOSPHERIC ig/s 3.263 3.166 3.056 2.922 2.833 2.741 

IIOISTURE (COAL I kg/s 5.931 6.057 6.089 5.709 6.141 5.868 

MOISTURE [COMBUSTION! kg/s 15.158 15.396 14.847 14. 743 14.854 14.941 

MOISTURE (HOPPER) kg/s 4.159 4.173 4.025 4.125 4.080 4.159 

MOISTURE TO FLY-ASH kg/s 3.840 3.775 4.452 J.993 4.198 3.838 

!lETT NO [STURE kg/s 24.670 25.017 23.565 23.505 23.711 23.872 

AIR FLOW A.POIL TOTAL kg/s 441.222 419.049 405.130 389.492 378.576 365.992 

AIR rLOW TOTAL kg/s 464,666 450.819 435.051 415.857 403.249 390.13 I 

CORE AI RFLOW ig/s 11. 930 11. 930 11. 930 11.930 11.930 11.930 

SEAL A I R FLOW kg/s 14.628 14.628 14.628 14 .628 14 .628 14.628 

An lITR LEAKAGE kg/s 17.681 17.606 16.694 14.434 12.374 9.303 

ESP AIR LEAKAGE kg/s 42.168 39.308 35.905 )2.032 29.603 26.925 

COMBUSTION Ali kg/s 446.985 433.213 418.357 401.423 390.875 380.827 

THEORETICAL AIR kg/s 368.074 367.298 366. J25 365.065 364.142 363.604 

STVICHION. AIR kg/s 368.014 367.298 366.324 365.064 364.142 363.603 

fURNACE LEAKAGE kg/s 35.000 35.000 35.000 35.000 35.000 35.000 

CALCULATEG FURNACE 02 :ClasS 4.087 3.522 2.879 2.097 1.583 1. 04 7 

EXCESS AIR kg/s 78.911 65.915 52.032 36.359 26.733 17.223 
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6thTable F.5: LOW GRADE COAL 400 MW TESTS (Friday, May 1994) 

PAUMETER OlIITS 400/37.0/l5h45 400/32.5/16h45 400/28.0/11h45 400/24.0/l8h45 400/19.0/19h45 400/15.0/20h45 

EooN GAS{DAF) kg/s 516.372 502.521 486.881 410.290 460.529 450.567 

FliRNACE GAS DRY kgl s 481.372 461.521 451.881 435.290 425.529 415.561 

TOTAL A/faR GAS(DAFI kg/s 535.553 521.633 505.016 486.224 414 .403 461.371 

10 GAS (DAFl kg/s 577.721 560.941 540.981 518.256 504.005 488.296 

III GAS (CHEN. ANAL.) kgl s 516.222 559.441 539.480 516.755 502.5G5 486.795 

ID GAS (BALANCE TECH) kg/s 577.720 560.940 540.983 518.261 504.005 488.302 

VOLUMETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION 

THEORETICAL CO2 kg/lOOkg 145.247 a6.572 139.204 144. 795 140.830 145.699 

BACK-END N2 kg/lOOkg 605.416 590.846 548.359 542.964 512.541 510.326 

BACK-ENO 02 kg/lOOkg 54.516 49.141 40.912 34.506 28.570 24.062 

BACK -END NOx kg/lOOkg .436 .439 .421 .415 .J17 .J39 

BACK-END S02 kg/lOOkg 1.342 1. 367 !.J19 1. 345 1.324 1.385 

BACK-EIID CO kg/l00kg .016 .014 .015 .020 .016 .034 

BACK-EIID CO2 kg/l00kg 143.851 145. J77 138.404 143.416 139.169 143.125 

TOTAL GAS kgjl00kg 805.577 787.184 729.429 122.666 682.002 619.m 

MOLE IIASS (mixture) kl/kiolK 3026.111 3031.444 3035.031 3042.142 3046.613 3052.952 

COAL QUANTITY AND QUALITY 

COAL VOLUME FLOW 8J/h 240.491 238.545 240.996 24 J.806 239. a79 245.698 

COAL DEliS ITY TON/I) 1. 014 1.015 1.108 1.068 1.109 1.052 

COAL !(ASS FLOW kg/s 71.715 11.259 14.165 11.115 73.901 71.823 
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Table F.5: LOW GRADE COAL 400 MW TESTS (Friday, 6th May 1994) 

PARAMETER OHITS 400/J1.0/15h45 400/l2.5/16h45 400/2B.0/17h45 400/24.0/l8h45 400/19.0/19h45 400/15.0/20h45 

PROXIXATE ANn ULTIMATE ANALYSIS (AIR DRIEO) 

INHERENT MOISTURE ~ 1.400 2.500 2.200 2.100 2.)00 2.300 

ASH ~ 43.300 42.900 48.600 45.000 46.000 43.200 

VOLAT ILE MATTER ~ 14.900 14.500 14.100 14.900 14.400 14.400 

FIXED CARBON(BY DIFF) ~ 39.400 40.100 35.000 38.000 37 JOO 40.100 

CARBON S 42.6BO 43.520 39.220 42.400 40.170 42.940 

lIYDROGEN ~ 2.520 2,580 2.390 2.450 2.400 2.480 

NITROGEN ~ .770 .820 .690 .780 .650 .720 

TOTAL SULP HUR ~ 1.560 .510 .580 .470 1.000 .610 

CARBONATE ( C02 ) S 1.150 1.110 1.020 1.180 L050 1.090 

OXYGEN (BY 0IFF) S 5.760 6.120 5.300 5.620 6.430 6.660 

GROSS CV MJ/kg 15.750 16.730 14.650 16.010 15.430 16.680 

SORFACE MOISTURE ~ 6.010 6.150 6.150 5.990 6.150 6.010 

INHERENT MOISTURE ~ 2.260 2.350 2.060 1.970 2.160 2.160 

TOTAL 110 ISTURE ~ 8.270 8.500 8.210 7.960 8.310 8.170 

PROXIMATE AND ULTIJIATE ANALYSIS (AS RECEIVED) 

TOTAL 110 ISTORE ~ 8.270 UOO B.210 7.960 8.310 8.170 

ASH (BI DIFF) ~ 41.439 40.979 44.309 42.507 42.515 41.139 

VOLATILE MATTER ~ 13.984 13.587 13.30B 13.990 13.495 13.m 

FIXED CARBON(BY DIFF) ~ 36.307 36.934 34.172 35.543 35.680 J7 .176 

CARBON ~ 39.640 40.002 37.991 39.517 38.m JU64 

lIYDROGEN I 2.341 2.367 2.278 2.]08 2.283 2.322 

NITROGEN ~ .123 .768 .647 .m .609 .676 

iOTAL SULPffim % 1.102 .609 .641 .590 .838 .656 

CARBONATE ( CO2 ) ~ 1.079 1.040 .956 1.108 .984 1. 023 
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Table F.5: LOW GRADE COAL 400 MW TESTS (Friday, 6th May 1994) 

PARAMETER UNITS 400/37.0/15b45 400/32.5/16h45 400/28.0/17h45 400/24.0/18h45 400/19.0/19h45 400/15.0/20h45 

OXYGEN ~ 5.406 5.735 4.961 5,277 6.026 6.251 

GCVv (AS RECD! BOMB) MJ/kg 14.803 15.700 !3.750 15.052 14.481 15.678 

GCVv (DAILY AVERAGEl liJ/kg 14.751 14.157 14.751 14.751 14.751 14.157 

GCVv (BIAS. DAILY AVE) MJ/kg 14.780 15.229 14.m 14.904 14.619 IUl1 

IICVp (CALCed, DULOllG I MJ/kg 16.059 16.163 15,377 15.935 lU52 16.039 

HEAT III VOLATILES 17 .050 20.442 15.947 20.137 16.669 19.805 

CAREOll IN DUST .800 .100 .400 .800 1.000 1.200 

CARBOll IN ROUGH ASH 1.900 l.500 1.200 1.400 1.400 1.900 

MEAlI CARBON III ASH .879 .758 .458 .843 1. 029 1.250 

lULLING PLANT 

lIOOER OF MILLS 1/5 4.000 4.000 4.000 4.000 4.000 4.000 

MILL CONFIGURATIOll BCDE BCDE BCDE BCDE BeDE BCDE 

PF FINENESS (~<75~1) 78.390 81.480 79.250 83.820 80.580 81. 290 

tJRIIlIG nOLO CONDITIONS 

REHEATER SPRAY FLOW kg/s 7.282 6.779 6.331 6.306 6.313 6.273 

FEED FLOW (ORIFICE) kg/s 316.446 317.819 3\9.556 322 .341 324,556 325.449 

TOTAL FEED FLOW kg/s 323.728 324,598 325.881 328.647 330.869 331.122 

MAIN STEAJI TEMP. ·C S36.361 536.371 536.217 S36 .409 536.274 531.422 

REHEAT STEAM TEMP. ·C m.m )J4.919 534.913 526.783 517.974 514.887 

FINAL FEED'. TEMP. ·C 222.637 222.650 222.650 222.350 222.350 222.298 
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6thTable F.5: LOW GRADE COAL 400 MW TESTS (Friday, May 1994) 

PARAJIEm OIIITS 400m.0/m45 400/32.5/16b45 400/28.0/17&45 400/24.0mb45 400/19.0/19h4S 400/15.0/20b45 

~NDEJlSER PEiPOWlICE 

CI INLET TEMP. (Tl) ·C 19.HO 19.398 18.861 18.520 17.889 11.364 

Cf OUTLET TEMP. (T2) ·C 32.055 32.072 31.500 31.176 30.512 29.944 

CONDENSATE TEMP. ·C 31.483 31.5l5 31.014 30.174 30.120 29.714 

BACKPRESS. (AVERAGE) kPa 3.m 3.163 3.616 3.m 1.199 3.269 

CY PUMPS lIS (IESTl , l.OOO 3.000 3,000 3.000 3.000 lOOO 

ELECTXICAL P.ARAMETERS 

UJIlTS GENWTED III 399.860 399.790 400.610 399.900 399.900 399.709 

UJIlT CONSOIPTION Iff 20.717 20.m 20.412 20.321 20.195 20.134 

REAcrIVE LOAD NVAR 142.695 166.956 181.078 215.568 184.404 179.504 

lORIS POWER / uso I 5,464 5.420 5.369 5.m U18 U04 

STEP OUTPUT PARWElS 

EFF. GCYv (BOlCH l I 35.715 33.891 31.283 35.164 35.482 ll.109 

EFF. GCV, (DAILY AVE) I 35.m 36.064 l4.718 35.866 34.817 3UIl 

EFF. GCYv (DAILY BIAS) I ll. 710 34.947 35.966 35.512 35.146 H.729 

EFF. HeVp (CALCed I I 32.921 32.928 33.J18 ll.215 ll.018 32.951 

STEP FACTOR I 98.156 98.922 99.218 99.211 98.986 98.787 

TOTAL ACCOUIITED LOSS I 1.244 1.078 .782 .789 1.014 1.2IJ 

UJIACCOUNTED LOSSES I .000 .000 -.000 .000 .000 .000 

STEP LOSSES 

CARBON IN REFUSE I .JOO .230 .130 .082 .258 .414 

DRY FLUE GAS I .097 • OJ] -.120 -.254 -.364 -.315 

H2 I FUEL IfOISTURE I .005 .014 .009 .003 .007 .019 
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Table F.5: LOW GRADE COAL 400 MW TESTS (Friday, 6th May 1994) 

PAWETER UlIITS 400/J7.0/1Sh45 400/l2.5/16h45 400/28.0/l1h45 400/2U/18h45 400119.0/19h45 400/15.0/20h45 

NAIM STEAl( 1m. I -.031 -.032 -.023 -.032 -.029 -.054 

RHOEAT STEAM TEMP. I -.009 .001 .002 .197 .409 .483 

CONDENSER BACKPRESS. I .022 .024 .015 .013 .Oll .010 

TURB. DETERIORATION I .894 .894 .894 .894 .894 .894 

fiMAL fEEDIATER TEMP. I .005 .004 .007 .015 .015 .016 

WRKS POlEK I -.038 -.090 -.126 -.m -.191 -.254 
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APPENDIX G: SPEC GRADE COAL TEST DATA 

Tab 1 e G. 1 : SPEC GRADE COAL 630 MW TESTS 

PARAMETER OJiliS 630/23.5/11hOO 630/l9.5/12h30 630/15.0/I3h30 630/l0.0/l4h30 630/08.0/!6h45 630/0U/l5h30 

FLUE GAS ANALYSIS 

02 ECON AVERAGE S vol J. 990 3.458 2.899 2.148 1.550 1.165 

02 A/BTR OUTL AVG nRY S vol 5.168 4.719 4.112 3.395 2.73\ 2.293 

02 In DISCHARGE AVG S vol 5.641 5.198 4.624 3.944 3.361 3.013 

02 ECON DRY S va I 4.016 3.496 2.834 2.098 1.506 1.261 

02 10 DISCHARGE DRY S vol 5.605 5.091 4.396 3.551 2.813 2. 492 

CO2 ID AVG DRY Svol 13.034 13 .J83 13.870 14,449 14.940 15.583 

C02 (THEORETIC NAX) S lass 26.887 26.851 26.834 26.838 26.692 26.910 

CO2 (OSTWALD) DRY S vol 13.811 14,251 14,856 15.607 16.171 16.631 

02 (OSTWALD) ~ vol 6.524 6.120 5.566 4.925 4.182 3.132 

S02 10 AVG DRY ppi 840.441 860.615 891,393 941.143 991.453 1019.755 

NOI 10 AVG DRY PPI 146.364 760.743 158.608 124.018 679.693 632.989 

CO [CODEL) AVG DRY ppi 34.183 24.0 16 20.759 26.618 114.434 411.914 

AIR &FLUE GAS PROPERTIES 

BAROKETRIC PRESSORE Ibar 846.J10 845.370 ll44.835 844.680 844.800 844.660 

AMB lENT TEKPERATURE 'c 16.605 18.390 18.915 19.030 18.460 18.025 

RELATIVE HUMIDITY s 36.665 35.510 31.605 28.770 33.005 31. 990 
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Table G.l: SPEC GRADE COAL 630 MW TESTS (Monday, 9 t h May 1994) 

PARAMETER UNITS 630/23.5/llhOO 630/19.5/12h30 630/15.0/13h30 630/10.0/14h30 630/08.0/16h45 630/05.5/15h30 

DEWPOINi TEMPERATURE ·c -29.460 -29.910 -29.240 -29.115 -29.225 -29.425 

FD AIR INLET T.(Tdbl ·c 3l.517 33.295 33.985 JJ.950 34.080 33.950 

A/HTR GAS OUTLET AVG ·c 143.105 145.107 147.258 149.258 151.109 152.104 

NO-LEAK A/RTR OOTL T. ·c 150.866 153.136 155.451 157.382 158.611 158.324 

DRY FLUEGAS fiEAT LOS S lfW 89.380 87.391 85.522 83.442 81.4 IS 80.439 

ID DISCHARGE TEMP AVG ·C 133.650 133.901 135.104 136.015 137.038 137.027 

OPACITY S 34.856 32.147 29.125 26.526 24.097 23.572 

MOISTURE ATMOSPHERIC kg/s 4.640 4.502 4.321 4.132 3.976 3.911 

110 ISTORE (COAL) kg/s 8.118 8.568 8.053 7.705 8.421 8,369 

MOISTURE (COMBUSTION) kg/s 22.857 23.323 22.776 23.501 22.583 23.531 

MOISTURE (HOPPER] kg/s 3.711 3.71 I 3.769 3.757 3.702 3.728 

MOISTURE TO FLY-ASH kg/s 5.88 I 5.884 5.619 5.674 5.924 5.807 

NETT 110 ISTORE kg/s 33.446 34.220 33.306 33.421 32.759 JJ.738 

AIR FLO' A.FOIL TOTAL kg/s 512.022 590.797 571.212 550.394 519.222 507. 920 

AIR FLOW TOTAL kg/s 661.335 641.617 616.675 588.855 566.489 557.254 

CORE Al RFLOW kg/s 11.930 11. 930 11.930 11. 930 11.930 11. 930 

SEAL AIR FLOW kg/s 21. 942 21.942 21.942 21.942 21.942 21.942 

AIR HTR LEAKAGE kg/s 47 .974 48.133 46.783 43.827 3S.786 31.845 

ESP AIR LEAKAGE kg/s 42.250 39.467 35.908 31.937 28.789 27.795 

COMBUSTION AIR kg/s 613.360 593.544 569.892 545.028 527.102 525.409 

THEORETICAL AIR kg/s 527.588 526.266 524.551 522.188 52!.500 525.508 

STOICHIOII. AIR kg!s m.594 526.266 524.550 522.188 521.500 525 .508 

FORHACE LEAKAGE kg!s 3).000 35.000 J5 .000 35.000 35.000 3S .000 
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9tTable G.1: SPEC GRADE COAL 630 MW TESTS (Monday, h May 1994) 

PARAMETER UJiITS 630/2U/l1hOO 630/19.5!12h30 630/15.0/13h30 630/lo.D/14h30 630/08.0/16h45 630/0U/l5h30 

CALCULATED FURNACE 02 ~ lass 3.237 2.624 1.842 .970 .272 - .004 

EXCESS AIR kg/s 85.772 67.278 45.342 22.840 6.203 -.099 

ECON GAS(DAF) kg/s 699.421 m.Hl 655.198 630.690 613 .484 613.399 

FURNACE GAS DRY kg/s 664.421 644.591 620.798 595.690 578.484 578.399 

TOTAL A/HTR GAS(DAf) kgls 748.896 729.224 104.081 676.011 653.770 646.744 

j 0 GAS (OAf) kg/ s 191.146 768.691 7J9.989 707.954 682.559 674,539 

IO GAS (CIlEW. ANAL.) kg/s 789.652 767.191 738.489 106.454 68\.059 673.039 

I D GAS (BALANCE TECH) kg/ s 791.134 768.681 739.996 107.956 682.559 674.539 

VOLUMETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION 

THEO RET ICAL CO2 kg/l00kg 141.760 140.169 142.665 142.614 139.589 141.634 

BACK-END N2 kg/l00kg 557.212 540.314 530.399 509.635 481. 783 465.383 

BACK-END 02 kgj 100kg 43.933 38.620 32.651 25.261 18.866 16.214 

BACK-END NOx kg/lOOkg .549 .541 .528 .483 .427 .3a6 

BACK-END S02 kg/l00kg 1.319 1.307 1.334 1.350 1.331 1.328 

BACK-END CO kg/IOOig .023 .016 .01J .017 .061 .269 

BACK-END CO2 kg/lOOkg 140.524 139.629 14 1.691 14 \.318 137.181 139.433 

TOTAL GAS kg/1GOkg 143.559 120.+28 706.611 678.124 640.262 623.012 

MOLE IiASS (siIturej kJ/kmolK ]035.328 ]038.936 3044.078 3050.158 3055.213 3064.3l7 

COAL QUANTITY AND QUALITY 

COAL VOLUME fLOW .3/h 443.010 434.671 433.448 426.521 43i.244 431.104 

COAL DENS ITY TON/13 .865 .884 .870 .881 .890 .904 

COAL MASS fLOW kg/s 106.398 106.698 104.124 104.399 106.606 108.21i 
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9thTable G.1: SPEC GRADE COAL 630 MW TESTS (Monday, May 1994) 

PAIWIETER oms 6JD/2J.5/lihOO 6JO/19.5!l2h30 630/l5.0/13h30 630/1D.O/l4h30 630/08.0/16h45 630/05.5/15h30 

PROXIMATE AND ULTIMATE ANALYSIS (AIR DRIED) 

INHERENT MOISTURE ~ J.700 UOO 3.800 3.800 3.400 3.800 

ASH ~ 43.800 43.800 42.500 42.900 44.300 42.500 

VO~AT ILE MATTER X 17.80G 17.600 17.700 18.700 17.800 18.600 

FIXED CARBOIl[BY DIff) ~ 34.700 J4.700 36.000 34.600 34.500 35.100 

CARBOIl 1 40.410 40.0GO ;0.970 40.800 39.470 40.400 

h'YDROGEN ~ 1.510 2.560 2.540 2.620 2.490 2.540 

NITROGEN % .910 .830 .890 .920 .860 .860 

TOTAL SULPHUR ~ .520 .660 1.090 .680 1.550 .940 

CARBONATE ( C02 ) % .600 .500 .590 .620 .720 .730 

OXYGEN (BY OIFf) ~ 7.490 7.750 7.620 7.660 1.210 8.230 

GROSS CV MJ/kg 14.&80 14.720 15.260 15.120 H.730 15.130 

SURfACE MOISTURE ~ 4.080 4.290 4.040 J. 720 4.650 4.080 

INHERENT MOISTURE ~ 3.550 J.740 3.650 3.660 3.250 3.650 

TOTAL MOISTURE ~ 7.630 8.030 7.690 7.380 7.~oo 7.730 

PROXIIlAiE AND ULTlllAiE ANALYSIS (AS RECEIVED) 

TOTAL MOISTURE % 7.630 8.030 7.690 7.380 7.900 7.730 

ASH (BY om) ~ 41.961 41. 688 41.266 41.617 42.063 40.895 

VOLATILE MATTER ~ 17.047 16. Bi6 16.958 17.978 16.944 17.812 

FIXED CARBON(BY DlfF) ~ 3U62 3J.467 34.086 3J .026 33.093 33.563 

CARBON ~ 38.689 38.418 38.936 38.922 38.096 38.654 

HYDROGEN ~ 2.419 2.440 2.434 2.416 2.402 2.m 

NITROGEN ~ .872 .793 .853 .884 .819 .824 

TOTAL SULPHUR ~ .683 .749 .956 .760 1.111 .884 
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9thTable G.1: SPEC GRADE COAL 630 MW TESTS (Monday, May 1994) 

PARmiER UHITS 6JO/2J.5lllhOO 630/l9.5/l2h30 6JO/15.0/l3h30 630/lO.0/14h30 630/08.0/16h45 6JO/OU!15h30 

CARBONATE ( C02 ) ~ .575 .478 .565 .596 .685 .699 

OXYGEN % 7. i7J 7.405 7.300 7.364 6.863 7.88\ 

GCVv (AS RECD, BONB) Nl/kg 14.251 lU87 14.643 14.551 14.04; lU12 

GCVv (DAILY AVERAGE) Ill/kg IU49 lU49 14.349 [4.349 lU49 lUH 

GCVv (8IAS. DAILY AVE) IV/kg 14.300 14.218 14.496 14.453 14.196 14,430 

NCVp lCALCed, DULONG 1 Ml/kg 15.806 15.7J7 15.933 15.969 15.624 15.830 

HEAT IN VOLATILES 20.823 19.655 21.274 23.274 20.;07 21. 782 

CARBON IN DUST .700 .700 .600 .800 1.100 1.200 

CARBON IN ROUGH ASH 1.500 .800 .700 .400 .800 .700 

MEAN CARBON IN ASH .758 .707 .607 .771 1.078 1.164 

MILLING PLANT 

NUMBER OF MILLS liS 6.000 6.000 6.000 6.000 6.000 6.000 

MILL CONFIGURATiON ABCDEF ABCOEF ~..BCDEF ABCDEF ABCOEF ABCDEF 

PF FLNENESS i~<751l.J 73.150 73.350 75.970 74.660 78.440 74.030 

WORKING FLOID CONDITIONS 

REHEATER SPRAY FLOW kg/s 14.005 14.147 13.035 12.089 11.259 10.346 

FEED FLOW (ORIFICE) kgJs 488.501 490.931 492.423 494.689 497.406 497.898 

TOTAL FEED FLOW kgJs 502.512 505.078 50S.m 506.178 508.665 508.244 

MA I N STEAM TEMP. ·C 535.380 533.947 534.241 534.387 534.213 534 .400 

REHEAT STEAM TEMP. ·c 535.400 535.600 535.106 535.603 nuoo 5J5.800 

FI NAL FEEDW. TEMP. ·c 245.150 245.150 245.150 244.850 244.506 244.520 
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Table G.1: SPEC GRADE COAL 630 MW TESTS (Monday, 9th May 1994) 

PARAMETER milTS 630/23.5/11 hOD 630/1U/12h30 630/15.0/IJh30 630/l0.0/l4h30 630/08.0/16h45 630/0U/15h30 

CONDEJrSER PERFOftMAIICE 

Ci INLET 'rEMP. (TI ) ·C 16.221 11.514 18.052 18.441 11.658 18.005 

CI OOTLET TEMP. (T2 ) ·C 35.18) 36.599 J7 .014 31.042 36.648 36.851 

CONDENSATE TEMP. ·C 38.983 40.211 40.644 40.110 40.280 40.56) 

BACKPRESS. (AVERAGE) kPa 4.941 5.252 5.351 5.423 5.210 5.327 

Ct PUMPS US (lEST I 3.000 3.000 J.OOO 3.000 3.000 J.OOO 

ELECTRICAL PAllAllETERS 

UNITS GENERATED III 621.448 621.143 621.630 627.400 627.543 621.400 

UNIT CONSUMPTION Q 26.196 25.816 25.548 25.360 25.165 25.044 

REACTIVE LOAD IIVAR 246.465 224.285 230. III 218.320 198.143 222.090 

MlRKS POIER I USO S 4.151 4.299 4.243 4.212 4.178 4.158 

STEP OI11'POT PARAIIETElS 

m. GCVv (BOIIB) S 39.654 40.042 39.263 39.614 40.235 38.331 

m. GCVv (DAILY AVE) S )9.382 39.312 40.061 40.189 39.379 38.172 

EFF. GCVv{DAILY BIAS) S 39.518 39.614 39.661 39.899 39.802 38.m 

EFF. NCVp (CALCed) I 35.152 35.844 36.084 36.112 36.165 35.145 

STEP FACTOR I 98.942 99.015 99.009 99.059 99.218 98.981 

TOTAL ACCOUNTED LOSS S 1.058 .985 .990 .941 .182 1.013 

UNACCOUNTED LOSSeS , .001 .000 .001 .000 -.000 .000 

STEP LOSSES 

CARBON IN REFUSE S -.124 -.119 -.039 -.011 -.020 .268 

DRY FLUE GAS S .234 .118 .119 .015 -.053 -.090 
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Table G.l: SPEC GRADE COAL 630 MW TESTS (Monday, 9th May 1994) 

PAWEm DlIITS 6J0/23.Sl11hOO 6J0/l9J/12h30 6JO/15.0/l3hJO 630/ID.O/l4h30 630/08.0116h45 6JO/OU/1Sb30 

H2 I roEL JK) ISTURE ~ -.033 -.025 - .015 -.008 -.004 -.OOS 

MAl HSTEAM TEMP. ~ -.009 .026 .019 .01S .019 .m 

REIfEAT STEAM TEMP. ~ -.010 -.014 -.003 -.014 -.012 -.019 

CONDENSER BACKPRE55. X .040 .037 .029 .021 .034 .028 

TORB. DETERIORATION I .894 .894 ...894 .894 .894 .894 

FINAL FEEDIATER TEMP. ~ -.OOS -.004 -.OOS .002 .011 .010 

IlRKS POWER I .010 .012 -.009 .025 -.088 - .088 
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Table G.2: SPEC GRADE COAL 550 MW TESTS (Wednesday, 11th May 1994) 

PARAJ(ETER ONITS 550/30.0/13h45 550/26.0/14h45 550/22.0/15h45 550/18.0/16h45 550/14.0/20h45 550/10/21h45 

FLOE GAS ANAL YS I S 

02 ECON AVERAGE %vol 4.447 3.791 3.315 2.708 2.530 1.210 

02 A/lITR OllTL AVG DRY ~ vol 5.773 5.300 4.775 4.043 3.998 2.394 

02 ID DISCHARGE AVG ~ vol 6.139 5.582 5.235 4.535 4.529 3.211 

02 ECON DRY ~ vol 4,438 3.879 3.310 2.575 2.514 1.284 

02 ID DISCHARGE DRY %vol 6.308 5.764 5.164 4.328 U60 2.645 

C02 ID AVG DRY %vol 12.447 12.m 13.309 13.960 13.938 15.499 

C02 (THEORETIC MAX) ~ lass 26.839 27.006 26.932 26.997 26.907 26.935 

CO2 (OSTWALD) DRY ~ vol 13 .152 13.729 14.223 15.011 15.014 16.513 

02 (OSTWALD) ~ vol 7.145 6.725 6.245 5.568 5.534 3.843 

S02 ID AVG DRY ppm 809.521 843.570 860.388 909.816 904.073 1018.809 

NOI ID AVG DRY ppm 698.047 716.109 727.589 723.261 747.836 628.383 

CO (CODEL) AVG DRY ppm 32.320 32 .395 28.001 25.350 22.325 500.546 

AIR l FLOE GAS PROPERTIES 

BAROMETRI CPRESSURE mbar 844.095 843.990 844.090 844.330 842.760 845.010 

AMBIENT TEMPERATURE ·c 20.610 20.885 20.780 20.040 15.280 12.900 

RELATIVE HUmJTY ~ 24.900 24.750 24.675 25.900 22.095 43.515 

DEWPOINT TEMPERATURE 'c -29.745 -29.245 -29.295 -29.170 -29.100 -30.285 

FD AIR INLET T.(Tdb) 'c 33.723 3U60 34.526 34.720 34.720 34.526 
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Table G.2: SPEC GRADE COAL 550 MW TESTS (Wednesday, 11th May 1994) 

PWllETER OJIITS 55O/30.0/13h4S SS0I26.0/14h45 5SO/22.0/15h45 550/18.0/l6h4S 550/l4.0/20h45 550/l0/21M5 

A/ilTR GAS OUTLET AVG 'c 142.506 143.726 145.156 148.008 148.507 151.994 

NO-LEAK A/HTR OUTL T. 'c 151. 629 153.190 154.710 157.382 158.007 158.683 

DRY FLUEGAS HEAT LOSS liW 80.084 78.429 76.832 75.244 75.248 70.566 

10 DISCHARGE TEMP AVG 'c 132.059 134.702 134.360 134.497 137.036 136.305 

OPACITY , 32.486 28.981 28.766 24.907 24.471 20.864 

MOISTURE ATMOSPHERIC kg/s 4.200 4.060 3.918 3.735 3. 720 3.m 

MOISTURE (COAL I kg/s 10.489 10.471 10.689 10.468 9.915 10 .582 

MOISTURE (COMBUSTIONj kg/s 19.674 20.137 19.510 19.605 19.573 19.945 

110 ISTORE (HOPPER) kg/s 3.894 3.969 3.882 3.992 3.962 3.949 

MOISTURE TO fLY-ASH kg/s 5.048 4.705 5.101 4.603 4.738 4.796 

!lETT NO ISTORE kg/s 33.209 33. 932 32.899 33.197 32.432 33.092 

AIR fLOW A.FOIL TOTAL kg/s 512.254 550.762 534.846 510.920 511.182 465.356 

AIR fLOW TOTAL kg/s 598.439 578.523 558.241 532.052 529.858 486.032 

CORE AJR FLOW kg/s 11. 930 11. 930 11.930 11. 930 11.930 11.930 

SEAL A I R fLOW kg/s 21. 942 21.942 2\.942 21.942 2\. 942 21. 942 

AI ROTR LEAKAGE ig/s 51.771 51.782 50.055 46.171 46.316 30.142 

ESP AIR LEAKAGE kg/s 42.663 39.693 36.488 32.488 32.013 25.521 

COMBUSTION AIR kg/s 546.668 526.742 508.185 485.881 483.543 455.890 

THEORETICAL AIR kg/s 461.761 460.204 458.986 457.388 456.774 m.440 

STOICHIOM. AJR 19/5 461.761 460.204 458.987 m.388 456.714 m.440 

fURJlACE LEAKAGE kg/s 35.000 35.000 35.000 3s.nOO 35.000 35.000 

CALCULATED FURNACE 02 ~ laSS 3.596 2.924 2.241 1.358 1.282 -.180 

EXCESS AIR kg/s 84.907 66.538 49.199 28.493 26.768 -3,550 
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Table G.2: SPEC GRADE COAL 550 MW TESTS (Wednesday, 11th May 1994) 

PARAMETER UNITS 55O/30.0/l3h45 550/26.0/l4h45 550/22.0/15h45 550/18.0/l6h45 550/l4.0/20h45 550/l0121n45 

ECON GAS(DAF) kg/s 625.943 606.131 581.131 565.747 562.531 536.721 

FURNACE GAS DRY kg/s 590.943 511.731 552.131 530.747 527.531 501. 121 

TOTAL A/IITR GAS(OAF) kg/s 619.214 660.013 639.286 613.418 610.341 568.363 

ID GAS (OAF) kg/s 121.811 699.106 615.115 645.906 642.360 593.883 

10 GAS (CHEN. ANAL.) kg/s 120.318 698.206 614,215 644.406 640.859 592.383 

10 GAS (BALANCE TECH) kg/s 121.811 699.106 675.775 645.906 642.359 593.883 

VOLUMETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION 

THEORETICAL CO2 kg/lOOkg 138.062 140.527 137.10 I 140.934 140.825 140.040 

BACK-END N2 kg/IOOkg 568.856 558.855 529.804 520.728 521.141 464.231 

BACHND 02 19/100kg 50.546 45. J39 38.407 31.568 31. 065 17 .178 

BACK-END HOI kg/IOOkg .m .528 .501 .495 .511 .383 

BACK-END S02 kg/100kg 1.299 1.328 1.28\ 1.329 1.320 J.325 

RACK-END CO kg/IOOkg .023 .022 .018 .016 .014 .185 

BACK-END CO2 kg/IOOkg 137.172 139.701 136.149 140.044 139 .188 138.458 

TOTAL GAS kg/100kg 758.420 745.173 706.167 694.179 693.839 621.859 

MOLE lASS (Iilture) kJ/kiolK 3028.608 3034.046 3038.035 30~5.285 3044.653 3063.576 

COAL QUANTITY AND QUALITY 

COAL VOLUIE fLO' .3/h 393.l80 378.019 378.438 376.432 382.480 368.509 

COAL DENS ITY TON/I] .811 .894 .910 .890 .871 .933 

COAL lASS FLOW kg/s 95.182 93.823 95.696 93.046 92.581 95.501 
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Table G.2: SPEC GRADE COAL 550 MW TESTS (Wednesday, 11th May 1994) 

PARAMETER O»ITS SSO/30.0/l3h4S SSO/25.0/14h4S 5S0/22.0/lSh4S 550/l8.0/l6h45 550/14.0/20h45 550/l0/2ih45 

PROXIIfATE AND ULTIMATE ANALYSIS (AIR DRIED) 

INHERENT NOISiURE ~ 4.100 4.100 4.100 UOO 4.400 4.400 

ASH ~ 43.S00 41.200 43. SOD 40.600 41. 700 41.100 

VOLATILE MATTER ~ 17.400 IS.400 17.900 18.400 11.800 18.600 

fIXED CARBON(BY DlfFI ~ 3S.000 36.300 34.200 36.700 36.100 35.900 

CARBON ~ 40.280 41.800 39.180 42.000 41. 630 41.350 

HYDROGEl/ ~ 2.500 2.600 2.470 2.550 2.540 2.520 

NITROGEN % .940 .980 1.000 1.150 1.000 1.060 

TOTAL SULPHUR % .900 .580 .670 .760 .720 .950 

CARBONATE ( CO2 I % .660 .140 .690 .710 .760 .800 

OXYGEN (BY DIFFi % 7.120 8.000 1.480 7.930 7.250 1.820 

GROSS CV MJ/kg 15.140 15.750 14.810 16.000 15.550 15.640 

SURFACE 110 ISTORE % 7.200 7.340 7.350 1.240 6.580 6.970 

INHERENT MOISTURE I 3.820 3.820 3.820 4.010 4.130 4.110 

TOTAL NO ISTURE ~ 11. 020 11.150 11.170 11.250 10.710 11.080 

FROXIIfAIE AIiD ULTIMATE ANALYSIS (AS RECEIVEO) 

TOTAL MOISTURE I 11. 020 11.160 11.110 11.250 10.110 11.080 

ASH (BY DIFF) % 40.136 38.516 39.969 38.180 39.422 38,591 

VOLATILE MATTER I 16.097 16.996 16.m 11.012 16.518 17.248 

FIXED CARBOI/(BY DlfF) % 32.741 33.328 32 .329 )J .557 33.290 33.081 

CARBON I 37.679 38.352 37.417 38.463 38.433 38.219 

HYDROGEN % 2.328 2.372 2.312 2.3 SO 2.m 2.340 

NITROGEN S .870 .905 .924 1.063 .931 .983 

TOTAL SULPHUR I .110 .621 .66J .705 .689 .794 

CARBONATE ( CO2 ) I .611 .684 .637 .656 .708 .742 
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Table G.2: SPEC GRADE COAL 550 MW TESTS (Wednesday, 11th May 1994) 

PARAMETER UNITS 550/30.0/13h45 550f26.0f14h45 55O/22.0/15h45 550/18.0/16h45 55O/!4.0f20h45 550/l0/21h45 

OXYGEN ~ 6.587 7.389 6.908 7.331 6.752 7.252 

GCVv (AS RECD, HOMIl) MJ/kg 14.048 14,591 13.718 14.838 14.524 14.547 

GCVv [DAILY AVERAGE) MJ/kg l4.378 14,378 14,378 14,378 14.378 14.378 

GCVv (BIAS. DAILY AVE) ill/kg 14.213 14,484 14.048 14.608 14,451 14.462 

NCVp (CALCed, DULONG) MJ/kg 15.285 15.m 15.164 15.570 15.574 15.486 

HEAT III VOLATILES 21.161 22.748 20.298 23.513 22.481 23.091 

CARIION IN OUST .500 .500 .600 .600 .100 .800 

CARBON IN ROUGH ASH 1.300 1.000 .700 .500 .400 .500 

MEAN CARBO II III AS H .558 .536 .607 .593 .678 .178 

MILLING PLAlIT 

NUMBER OF MILLS 1/5 6.000 6.000 6.000 6.000 6.000 6.000 

MILL CONFIGORATIOIl ABCDEF ABCDEF ABCDEF ABCDEF ABCDEF ABCDEF 

PF FINENESS (~<75~1) 74,530 14.200 75.370 74.220 14.790 13.890 

WORKING FLOIO CONDITIONS 

REHEATER SPRAY FLOW kg/s 13. 499 11. 910 11. 663 10.827 11.350 8.691 

FEED FLOW [ORIFICE) kg/s 431.178 434.551 434.865 435.742 433.918 439.118 

TOTAL fEED FLOW kg/s 445.277 446.467 446.528 446.569 m.m 441.815 

lIAIN STEAM TEMP. ·c 535.126 535.363 535.500 S3UOO S3U1S 535.155 

REHEAT STEAM TEMP. 'c 532.168 532.100 532.100 532.100 532.098 m.m 

FINAL fEEDW. TEMP. 'c 238.750 238.026 238.456 238.446 238.188 231.900 
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Table G.2: SPEC GRADE COAL 550 MW TESTS (Wednesday, 1ph May 1994) 

PlliIIETER UNUS m/Jo .0/1lh45 550/26.0/14&45 550122.0/llh45 550/18.0/16h45 550/14.0/20h45 550/1012Ih4S 

CONDEliSER PERfORMAJICE 

el INLET TEIIP. IT1 J ·C 19.031 19.370 19.415 19.420 17.200 16.520 

CI OtrrLET TOOl. (T2 ) ·C 35.975 36.261 36.382 36.161 H.9H 33.130 

CONOENSATE TEMP. ·C J7.397 38.010 37.S5I 37.965 35.403 34,827 

BACIPRESS. (AVERAGE) kPa 4.962 5.055 4.995 5.033 4.470 4,232 

CI PUMPS lIS (lEST) t 3.000 3.000 3.000 3.000 3.000 3.000 

ELECl'i1CAL P.wmERS 

IJRITS GENERATED WI 549 .330 548.930 549.800 549.000 549.270 549.534 

UNIT CONSUllPTION III 25.322 25.105 25.019 24.720 24.145 24.409 

REACTIVE LOAD lIVAR 152.150 166.560 176.288 143.038 154,550 160.832 

lURKS POWER I OSO X 4.832 4.793 4.767 4.715 4.718 4.648 

8THP OOTPllT PWMETERS 

Err. GCVv (BOMB) X 39.191 38.265 39.975 37.914 39.010 37.799 

EFf. GCVv (DAILY AVE) X 38.291 38.831 38.142 39.191 39.406 38.245 

EfF. GCVy(DAILY BIAS) X 38.736 38.547 39.037 38.513 39.201 38.020 

EFt. NCVp (CALCed) X 36.018 35.898 36.164 36.189 36.379 3U07 

STEP fACTOR X 98.582 98.113 98.818 98.849 99.219 98.934 

TOTAL ACCOUNTED LOSS X 1.418 1.281 1.182 1.151 .782 1.066 

OHACCOUNTEO LOSSES X -.000 -.000 -.000 -.000 -.001 .000 

8THP LOSSES 

CARBON IN REFUSE X - .149 - .187 -.145 -.096 -.227 .098 

DRY FLUE GAS X 0501 .319 .282 .235 -.043 -.0)7 

H2 I FUEL IKlISTURE X .005 .001 .008 .020 .008 .011 
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Table 0.2: SPEC GRADE COAL 550 MW TESTS (Wednesday, 11th May 1994) 

PARAIIETER. 01I1T8 550/)0.O/llh45 550/26.0/14h45 SSO/22.0/ISh45 550/18.0/16h45 5S0/14.0/20b4S 5S0/10/2Ih4S 

MAIN STEAN' TEMP. I -.001 -.009 -.012 -.012 .014 -.004 

REHEAT STEAM TEMP. I .068 .010 .010 .070 .010 .066 

CONDENSER BACIPRESS. I .052 .055 .032 .046 .04) .025 

TURB. DETERIORATION I .894 .894 .894 .894 .894 .894 

fINAL fEEDIATER TEMP. S -.Oll -.006 -.015 -.017 -.010 -.002 

tum POIER I .073 .090 .069 .010 .032 .001 

o - 14 




Tab 1 e G. 3 : SPEC GRADE COAL 500 MW TESTS (Tuesday, 10t h May 1994) 

PARAMETER UNITS S00/3!.0/09hI5 500/26.5/1 tbOO 500/23.51!2hOO 500/l9.0!IJhI5 500116.0114h15 500/l1.0/l5h30 

FWE GAS ANALYSIS 

02 ECON AVERAGE ~ vol U18 U06 3.807 3.095 2.730 1.800 

02 A/HTR OUTL Ava DRY I vol 5.884 5.604 5.136 4.413 3.950 3.149 

02 ID DISCHARGE AVG ~ vol 6.694 6.211 5.771 5.061 4.675 3.910 

02 ECON DRY ~ vot 4.749 4,389 3.862 3.080 2.583 1.893 

02 10 DISCHARGE DRY ~ vol 6.442 6.110 5.593 4.772 4.105 3.359 

CO2 ID AVG DRY ~ vot i2.418 12.592 12.937 13 .648 13. 966 14.637 

CO2 (THEORETIC MAX) ~ laSS 26.993 26.900 26.796 27.022 26.907 26.180 

CO2 (OSTWALD) DRY ~ vol \3.114 13.359 13 .764 14.628 15.063 15.150 

02 (OSTWALD) I vol 1.263 1.018 6.575 5.926 5.503 4.681 

S02 10 AVG DRY PPI 771.356 806.m 836.714 891.011 924.274 995.971 

NOx ID AVG DRY PP. 723.427 712.347 689.748 664.414 651.936 m.m 

CO (CODEL I AVG DRY PPI 11.503 28.849 40.072 29.484 38.605 186.061 

A I R i FLOE GAS PROPERTIES 

BAROMETRIC PRESSURE Ibar 846.200 845.825 845.190 844.455 844.090 844.035 

AlIllIENT TEMPERATURE ·c 12.280 11.205 18.395 19.395 19.395 19.103 

RELATIVE HUMIDITY I 61.255 34.260 30.410 21.935 27.210 26.520 

DEWPOINT TEMPERATURE ·c -31.455 -29.115 -29.465 -29.200 -29.055 -29.008 

fD AIR INLET T.(Tdb) ·c 21.536 32.495 33.538 33.811 34.214 340508 

G - 15 



Table G.3: SPEC GRADE COAL 500 MW TESTS ( Tuesday, lOt h May 1994) 

PARAJ(ETER UlUTS SOO/31.0/09hI5 SOO/26.S/llhOO 500/23.5/12hOO 500/19.0/13hI5 500/16.0/14hI5 500/11.0/IShJO 

A/HTR GAS OOTLET AVG ·C 130.774 135.715 137.490 140.073 141.436 145.101 

NO-LEAK A/HTR OaTL T. ·C 138.184 143.511 14S.417 148.299 149.657 152.541 

DRY fLUEGAS HEAT LOSS Iff 69.957 68.855 67.529 66.3 14 64.989 63.819 

ID DISCHARGE TEMP AVG ·c 118.154 12LJ06 124.726 127.615 128.870 131.026 

OPACITY ~ 22.145 24.981 23.680 25.838 22.059 18.941 

MOISTURE AT~OSPHERIC ig/s 3.889 3.809 3.693 3.520 3.410 3.257 

NO ISTaRE (COAL l kg/s 10.586 9.991 10.172 9.984 10.387 10.m 

NO ISTURE (COMBUST! ON l kg/s 18.589 18.m 18.285 18.368 18.185 18.541 

MOISTURE (HOPPER) kg/s 3.955 3.m 3.870 4.019 3.955 3.969 

MOISTURE TO FLY-ASH kg/s 4.769 4.875 5.159 4.478 4.771 4.707 

NEli liD ISTaRE kg/s 32.249 31.390 30.860 31.412 31.167 31.383 

AIR FLOW A.FOIL TOTAL kg/s 526.865 519.254 501.895 484.359 460.985 447.511 

AIR fLOW TOTAL kg/s 554.082 542.710 526.051 501J29 485.601 463.776 

CORE AIR FLOW kg/s 11.930 11.930 11.930 11. 930 11.930 11. 930 

SEAL A[R FLO' kg/s 18.285 18.285 18.285 18.285 18.285 18.285 

A I R HTR LEAKAGE kg/s 41. 700 42.893 42.388 40.979 39.473 33.549 

ESP AIR LEAKAGE kg/s 40.675 38.756 36.050 32.213 29.617 26.064 

COMBOSTJ ON A I R kg/s 512.382 499.817 483.662 460.351 446.128 430.228 

THEORETICAL AIR kg/s 426.677 425.617 425.157 423.542 422.121 422.602 

STOICHIOI(' AIR kg/s 426.677 425.617 425.157 423.542 421.121 422.601 

[IlJRHACE LEAKAGE k.g/s 35.000 35.000 35.000 35.000 35.000 3S .000 

CALCULATEO FURNACE 02 'I laSS 3.812 3.437 2.800 1.851 1.246 .410 

EXCESS AIR kg/s 85.705 74.199 58.505 36.808 24.006 7.626 
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10thTable G.3: SPEC GRADE COAL 500 MW TESTS (Tuesday, May 1994) 

PAItANETER {JIIITS 500/31.0/09hI5 500j26.5/llhOO 500/23.5/12hOO 500/l9.0/13h15 500/16.0/i4hI5 500/l1.0/l5h30 

ECON GAS(DAf) kg/s 589.046 575.830 m.m 536.740 521.979 505.637 

fURHACE GAS DRY kg/ s 554.046 540.830 524,378 501.740 486.979 470.631 

TOTAL A/IITR GAS(DAf) kg/s 632.246 620.223 603.266 579.218 562. 952 540.686 

ID GAS (OAF) kg/s 672.921 658.979 639.316 611.431 592.569 566.750 

10 GAS (CHEM. ANAL.) kg/ s 671.421 657.479 637.816 609.931 591.069 565.250 

iD GAS (BALANCE TECH) kg/s 672.921 658.979 639.316 611.431 592.569 566.750 

VOLUMETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATIOH 

THEORET! CAL em kg/lOOkg 134.637 134.362 131.837 1J7.579 134.457 135.558 

BACK-END H2 kg/IOOkg 555.747 548.227 523.824 519.328 496.762 478.211 

BACK-END 02 kg/100kg 50.491 47.154 41.154 34.766 29.214 22.424 

BACK-END NOI kg/IOOkg .531 .516 .476 .454 .415 .349 

BACK-END S02 kg/IOOkg 1.210 1.246 1.233 1.300 1.286 1.331 

BACK-END co kg/l00kg .009 .019 .026 .019 .023 .109 

BACK-END CO2 kg/IOOkg 133.871 m.653 130.936 136.761 133.464 134.401 

TOm GAS kg/IOOkg 741.860 730.815 697.647 692.628 661.175 636.885 

MOLE MASS (Iixture) WholK 3028.550 3030.130 3033.103 3041.992 3044.936 3052.537 

COAL QUAliiITY AND QUALITY 

COAL VOLUME fLOW 13/h 353.085 353.013 352.095 351.212 347.344 352.125 

COAL DENS ITY TOII/IIJ .925 .920 .9J7 .905 .929 .910 

COAL MASS FLOW kg/s 90.707 90.170 91.639 88.271 89.624 88.988 
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Tab 1 e G. 3 : SPEC GRADE COAL 500 MW TESTS (Tuesday, lOt h May 1994) 

PWlIrnR UNITS 500/31.0/09hI5 500/26,5/llhOO 500/23,5/12bOO 500/19.0/LlhI5 500/16.0/l4hI5 500/11.0/15h30 

PROXIMATE A.Nll ULrINATE ANALYSIS (AIR DRIED) 

!~HERElIT NO ISTURE S 4.000 3.600 3.500 3.500 3. 300 3.600 

ASH X 43.500 44.600 46.5DO 42.000 44 .300 43.900 

VOLATILE MArrER S 18.200 18.200 17.700 18.200 17.900 18. SOD 

FIXED CARBON(BY OIFF) S 34.300 33.600 32.300 36.300 3UOO 34.000 

CARBON ~ 40.030 39.750 3UOO 41.810 40.160 40.710 

JlY1)ROGEN ~ 1.500 UOO 2.430 2.540 2.490 2.550 

NITROGEN ~ .990 1.010 1.010 1.040 1. 050 1.030 

TOTAL SULPHUR ~ .550 ,580 .190 .570 .660 .720 

CARBONATE ( CO2 I ~ .610 .760 .600 .690 .780 .670 

OXYGEN [BY om) ~ 7.820 1.200 6.810 1.850 1.260 6.820 

GROSS CV MJ/kg 15.010 15.000 14. 440 15.820 15.130 15.390 

SURFACE MOISTURE ~ 7.910 7.740 7.860 8.010 8.550 8.290 

I~ERElIT MOISTURE % 3.700 3.340 3.240 3.240 3.040 3.310 

TOTAL MO ISTORE ~ 11.610 11.080 11.100 11.310 11.590 11.600 

PKOXIMATE ANl) ULTIMATE ANALYSIS lAS RECEIVED) 

TOTAL MOISTURE ~ 11. 610 11. 080 11.100 11.310 11.590 11.600 

ASH (BY DIFF) S 40.104 41.140 42.201 39.494 40,548 40.678 

VOLATILE IlATIER ~ 16.694 16.70 16.262 16.682 16.322 16.914 

FIXED CARBON(BY DIFF) I 3U32 31.031 30.431 32.514 31.540 30.808 

CARBON ~ 36.745 36.670 35.981 J7.548 36.696 36.996 

BYDROGEN S 2.293 2.296 2.263 2.310 2.282 2.312 

lHTROGEN S .908 .929 .928 .953 .951 .942 

TOTAL SULPHUR S .548 .562 .m .551 .596 .625 

CARBONATE ( CO2 ) ~ .560 .699 .551 .632 .711 .6/J 
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10 thTable G.3: SPEC GRADE COAL 500 M'N TESTS (Tuesday, May 1994) 

PillJIETER oms 500/31.0/09hI5 500/26.5/llhOO 500/23.5/12bOO 500/19.0/13h15 500/16.0/11h1S 500/11.0/15h30 


OXYGEN I 7.173 6.623 6.312 7.195 6.620 6.23S 


GCVv (AS RECD, BOMB) NJ/kg 13.811 13 .836 13.303 14,540 13.833 14.113 


GCVv [DAILY AVERAGE) HJ/kg 13.906 13 .906 13.906 IU06 1J.906 13.906 


GCVv (BIAS.DAILY AVE) HI/kg 13,858 13.871 13. 604 14.223 13.869 14.009 


NCVp (CALCed, DOLONG) IIJ/kg 14.890 IU82 14.614 IS .194 14,865 IS .006 


HEAT IN VOLATILES 22.784 H.m 22.635 24.371 22.887 26.171 

CARBON IN DOST .450 .400 .500 .500 .600 .650 

CARBON IN ROUGH ASH 1.000 .800 1.000 .800 .900 .500 

MEAN CARBOII IN ASH .490 .429 .536 .522 .622 .639 

MILLING PLAlIT 

NUMBER Of KILLS lIS j 5.000 5.000 5.000 5.000 5.000 5.000 

MILL CONfIGURATION t BCOEF BCDEF BCDEF BCDEF BCDEF BCDEF 

PF FINENESS (~<15It1) ~ 16.880 78.430 15.150 15.810 18.860 15.180 

IIlRKING FLUID CONDITIOIIS 

REHEATER SPRAY FLOW kgls 10.402 9.865 9.162 8.324 8.276 6.481 

FEED FLOW (ORIFICE) kg/s 394.173 394.455 394,375 394.312 393.317 394.731 

TOTAL FEED FLOW kg/s 405.175 404.320 403.537 402.636 401.593 401.112 

NAIN STEAII TEMP. ·C 534.900 535.050 536.100 5340900 535.500 m.lOo 

REHEAT STEAl( TEMP. 'c 535.500 535.500 m.600 535.500 534.400 535.500 

FINAL fEEDY. TEMP. 'c 233.200 233 .800 233.650 233.307 233.200 233.200 
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Table G.3: SPEC GRADE COAL 500 MW TESTS (Tuesday, lOth May 1994) 

PWlIEm ONITS 500/31.0/09hll 500/26.5/llhOO 500/2J.5/12hOO SOO/19.0/l3h15 S00/16.0/l4h1S SOO/1LO/ISh30 

CONDHHSER PERFORXAlICE 

el INLET TEMP. (TI) ·C 13.715 16.762 11.718 18.m 18.638 18.120 

CJ OUTLET TEMP. (T2) ·C 29.m 32.012 32.940 33.804 34.030 33.823 

CONDENSATE TEMP. ·C 32.331 3S.m 36.262 35.866 34.844 3).898 

BACKPRESS. (AVERAGE) lPa 3.207 3.817 4.103 4.299 4.359 4.184 

el PUMPS lIS [lEST) J 3.000 3.000 3.000 3.000 3.000 3.000 

ELECTRICAL PARAmERS 

UN ITS GEI/EUTED Ni 499.900 500.000 500.000 500.000 499.906 500.100 

UHIT CONSUMPTION III 23.173 22.906 22.833 22.519 2U02 22.316 

REACTIVE LOAD IIVAR 1)0.638 151.811 131.653 153.211 141.235 143.144 

J>RKS POIER I 080 % 4.861 UOI 4.185 4.729 4.113 4.611 

STEP OUTPUT PARAMETERS 

m. GCYv (BOMB I S 38.055 38.241 39.143 31.196 38.508 38.044 

EFF. acyv (DAILY AVE) S 31.795 38.049 31.W 38.892 38.306 38.610 

EFF. GCYv(DAILY BIAS) S 37.924 38.145 38.215 38.025 38.407 38.m 

EFF. NCVp (CALCed) % 35.297 3USl 35.630 35.595 35.834 35.719 

STEP fACTOR % 99.046 99.177 99.189 99.169 99.218 99.025 

TOTAt ACCOUNTED LOSS % .954 .823 .811 .831 .782 .m 

UNACCOUNTED LOSSES % .000 -.000 .000 .000 - .000 .000 

STEP LOSSES 

CARBOIi IN RE!'1JSE S -.040 -.168 -.079 -.017 -.019 .147 

DRY flOE GAS S .248 .230 .155 .121 .078 .178 

H2 I: rug(, IIOISTORE S -.026 - .018 -.009 .006 .011 .041 
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10thTable G.3: SPEC GRADE COAL 500 MW TESTS (Tuesday, May 1994) 

PARAMETRK UNITS 5001J1.0/09b15 500/26.511IhOO 500/2J.5/12bOO S00/19.0/DhI5 S00{16.0/l4hI5 SOOI1!.O{15bJO 

MAIN STEAM TEMP. I .002 -.001 -.026 .002 -.012 -.012 

REHEAT STEAK TEMP. I -.012 -.012 -.014 -.012 .014 .014 

CONDENSER BACKPRESS. S .012 .025 .028 .040 .038 - .012 

TURB. DETERIORATION I .894 .m .894 .894 .894 .894 

FINAL FEEDIATER TEMP. S -.007 -.022 -.019 -.009 -.007 -.006 

WORKS POIER I - .118 -.106 -.120 -.194 -.216 -.212 
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Table G.4: SPEC GRADE COAL 450 MW TESTS (Friday, 13th May 1994) 

PARAKETER UNITS 450/28.5/09hOO 450/25.5/llhOO 450/22.5/15h45 450/19.5/l6h45 450/16.5/17h45 450/l2.5/19hOO 

FLUE GAS AlIALYSIS 

02 ECON AVERAGE ~ vol 5.364 4.887 3.901 3.190 3.297 3.419 

02 A/HTR GUTL AVG DRY ~ vol 6.345 5.856 5.450 4.771 4,386 3.907 

02 ID DISCHARGE AVG %vol 7.128 6.697 5.898 5.783 5.213 4.896 

02 ECON DRY ~ vol 5.507 4.866 4.293 3.559 3.140 2.623 

02 ID DISCHARGE DRY ~ vol 6.980 6.429 5.911 5.188 4.753 4.178 

CO2 ID AVG DRY ~ vol 12.034 12.463 12.593 13.396 13.768 14.182 

C02 (THEORETIC MAX) ~ mass 27.077 27.122 26.791 27.171 27.237 27.276 

C02 (OSTWALD) DRY ~ vol 12.670 13 .189 13.466 14.336 14.170 15.309 

02 (OSTWALD) ~ vol 7.727 7.282 6.949 6.289 5.924 5.495 

S02 ID AVG DRY PPI 654.321 677 .557 732.706 748.890 712.428 792.430 

NOI ID AVG DRY ppm 706.060 708.218 667.564 664.406 646.358 612.576 

CO (CODEL) AVG DRY PPI 15.922 24.364 42.161 42.967 54.304 17.043 

AIR i FLUE GAS PROPERTIES 

BAROMETRIC PRESSURE .bar 847.450 847.105 845.290 845.480 845.660 843.440 

AMBIENT TEMPERATURE ·C 12.885 16.010 19.900 19.390 18.750 18.110 

RELATIVE HlI~1 DITY ~ 62.180 42.435 22.135 22.400 23.105 20.185 

DEWPOINT TEMPERATORE ·C -30.620 -30.290 -29.685 -29.790 -29.685 -28.490 

fD AIR INLET T.(Tdb) ·C 28.672 30.909 34.464 34.406 33.940 32.359 
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13thTable G.4: SPEC GRADE COAL 450 MW TESTS (Friday, May 1994) 

PlliMETEit lllllTS 450/28.5/09hOO 450/25.S/1lhOO 450/22.S/15h45 450/19.5/l6h45 450/16.5/17h45 450/12.5/19hOO 

A/HTR GAS OUTLET AVG ·C 127.189 130.421 129.418 133.169 134.409 136.936 

NO-LEAK A/HTR OOTL T. ·C 132.518 136.641 136.185 140.220 141.607 144.438 

DRY FLu1GAS HEAT LOSS Ni 61.966 61.174 57.108 57.367 57.100 57.851 

ID DISCHARGE TEMP AVG ·C 121.257 122.565 126.741 128.337 128.435 122.565 

OPACITY I 23.428 22.J65 22.385 21.491 18.578 19.283 

110 ISTURE ATNOSPHERI C kg/s 3.657 3,532 3.421 3.278 3.196 3.096 

110 ISTURE (COAL) kg/s 9.651 9.384 8.823 8.741 9.012 9.116 

MOISTURE (COMBUSTION) kg/s 11.281 11.060 19.402 16.364 16.115 15.997 

110 ISTURE (HOPPER) ig/s 4.091 4.041 4.119 4.117 4.129 4.111 

MOISTURE TO FLY-ASH kg/s 4.148 4,351 4.019 4.028 3.917 4.058 

NETT NO ISTURE ig/s 30.544 29.672 31.147 28.418 28.415 28.261 

AIR FLOW A.FOIL TOTAL kg/s 498.758 484.791 457.482 449.804 436.946 425.145 

AIR FLOW TOTAL kg/s 520.931 503.116 487.184 466.77J 455.111 440.126 

CORE AIR FLOW kg/s 11.930 11. 930 11. 930 11.930 II. 930 II. 930 

SEAL AIR FLOW kg/s 18.285 18.185 18.285 18.285 18.285 18.285 

A I R HTR LEAKAGE kg/s 30.449 33.510 36.771 35.562 34.900 34.004 

ESP AI RLEAKAGE kg/s 41.410 38.411 35.520 32.273 30.282 21.893 

COMBUSTION AIR kg/s 490.482 469.605 450.413 431.211 420.210 406.722 

THEORETICAL AIR kg/s 391.288 390.466 388.145 388.319 387.760 386.481 

STOICHIOM. AIR ig/s 391.288 390.466 388.145 388.319 387.760 386.481 

fURNACE LEAKAGE ig/s 35.000 35.000 35 .000 35.000 35.000 35.000 

CALCULATED FURNACE 02 I liaS S 4.682 3.901 3.200 2.303 1. 788 1.152 

EXCESS AIR ig/s 99.195 19.139 62.268 42.892 31.451 20.241 
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13thTable G.4: SPEC GRADE COAL 450 MW TESTS (Friday, May 1994) 

PARAMETER UII1TS 450/28 .5/09hOO 450/25. 5/11hOO 450/22.5/15h45 450119.5/16h45 450/l6,5/17h45 450/12.5/l9hOO 

ECON GAS(DAF) kgls 564.414 543.558 523.143 505.088 493.937 480.659 

FURNACE GAS DRY kg/s 529,414 508.558 488.143 470.088 458.937 445.659 

iOTAL A/IITR GAS (OAF) kg/ s 596 .363 578.569 561.414 542.150 530.338 516.163 

10 GAS (OAF) kg/s 6]1,173 616.980 596.934 514.422 560.620 544.056 

10 GAS [CHEN. ANAL.) kg/s 636.273 615.480 595.434 S12.923 559.120 542.556 

ID GAS (BALANCE TECH) kg/s 6)7,77) 616.980 596.9J2 574.424 560.623 544.061 

YOLIlJIETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION 

mORETICAL CO2 kgllOOkg 136.804 135.307 138.104 139.030 139.768 138.378 

BACK-END H2 kg/IOOkg 582.152 551.309 565.016 534.263 522.536 503.407 

BACK-EIIO 02 kg/lOOkg 57.410 SO .551 46.895 38.957 34,880 29.483 

BACK-END NOI kg/lOOkg .545 .522 .497 .468 .445 .405 

BACK-END SO 2 kg/100kg 1.077 1. 066 1.164 1.126 1.135 1.119 

BACK-END CO kg/IOOkg .0 II .017 .029 .028 .035 .011 

BACK-END CO2 kg/IOOkg 1J6.139 134.774 IJU03 IJa.J56 IJB.968 131.624 

iOTAL GAS kg/IOOkg 777.334 744,239 751.004 1\3 .198 697.999 672.049 

MOLE MASS (Iilture) kJ/bolK 3024.135 3023.882 3029.078 3039.111 3043.403 3047.799 

COAL QUANTITY AND QOALITY 

COAL VOLOME FLOW 13/h 313.247 309.959 308.446 306.197 307.157 303.719 

COAL DENS ITY TON/I) .943 .963 .928 ,947 .941 .960 

COAL MAS S fLOW kg/s 82.046 82.901 79.484 80.542 80,319 80.955 
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Table G.4: SPEC GRADE COAL 450 MW TESTS (Friday, 13th May 1994) 

PARAMETER UHITS 450/28.5/09hOO 450/25.5/llbOO 450/22.5/15b45 450/19.5/16h45 450/16. 5/l7h45 450/12.5/19hOO 

PROIIMATE AND fJLTIMATE ANALYSIS (AIR DRIED) 

INHERENT MOISTURE ~ 4.900 4.800 4.600 5.400 5.800 5.600 

ASH ~ 41.500 42.900 41.300 40.400 40.000 40.600 

VOLATILE MATTER S 18.100 18.500 18.800 18.900 18.800 18.600 

FIXED CARBON(BY OIFF) S 34.900 33.800 35.300 35.300 35.400 35.200 

CAREON S 40.060 39.010 40.6)0 40.120 41.150 40.450 

IIYOROGEN S 2.550 2.480 2.940 2.420 2.390 2.360 

NITROGEN S !. 060 !. 040 1.060 1.140 1.020 1.060 

TOTAL SULPHllR S .650 .500 .560 .680 .420 .410 

CARBONATE ( CO2 ) S .840 .800 .910 .930 .880 .800 

OXYGEN (BY OIFF) S 8.440 8.410 8.000 8.310 8.340 8.660 

GROSS CV lfJ/kg 15.100 14,560 15.300 15.280 15".320 15.170 

SURFACE MOISTURE S 7.200 6.830 6.790 5.150 5.130 5.980 

INHERENT MOISTURE S 4.510 4.490 UIO 5.110 5,490 5.280 

TOTAL MOISTURE S 11.170 11.320 11.100 10.860 11.220 11.260 

PROXIMATE AND fJLTIMATE ANALYSIS (AS RECEIVED) 

TOTAL MOISTORE S 11. 770 11.320 11.100 10.860 11.220 11. 260 

ASH (BY OIFF) S 38.423 39.365 38.889 38.558 38.264 38.361 

VOLATILE MATTER S 17.289 17.171 17.466 17.755 17.660 17.426 

FIXEO CARBOH(BY OIFFj S 32.5 18 32.138 32.545 32 .828 32 .855 32.953 

CARBON S 37.336 36.928 37.691 37.944 38.\45 37.766 

IIYDROGEI/ S 2.356 2.328 2.542 2.m 2.299 2.282 

NITROGEN S .980 .966 .985 1.071 .958 .993 

TOTAL SULPHUR S .m .487 .515 .514 .451 .415 

CAREOI/ATE ( CO2 I S .177 .743 .845 .874 .821 .749 
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13thTable G.4: SPEC GRADE COAL 450 MW TESTS (Friday, May 1994) 

PARAMETER UIlITS 450/28.5/09hOO 450/25.5/11hOO 450/22.5/15h45 450/19.5/16h45 450/16.5/11h45 450/12.5/19hOO 

OXYGEN ~ 1.803 1.864 1.432 7.806 7.834 8.m 

GCVv (AS RECD, BOMB] IWkg 14.009 13.563 14.m 14.398 14.439 14.160 

GCVv (DAILY AVERAGE) Ml/kg 14.154 14.154 14 .154 14.154 14 .154 14.154 

GCVv (BIAS.DAILY AVE) MJ/kg 14.082 13.859 14.206 14.276 14.296 14.201 

NCVp (CALCed, DULONG) Ml/kg 15.i68 14.999 15.521 15.345 15.377 15.229 

HEAT IN VOLATILES 21. 498 19.860 22.801 22.890 23. 041 21.849 

CARBON I N OUST .400 .300 .400 .400 .500 .500 

CARBON IN ROUGH ASH .900 .700 .900 .700 .600 .500 

MEAN CARBON IN ASH .436 .329 .436 .422 .507 .500 

KIllIfill PLAJll' 

NUMEER Or MILLS I/S t 5.000 5.000 5.000 5.000 5.000 5.000 

MILL CONFIGURATION f BCDEF BCDEF BCDEF BCDEF BCDEF BCDEr 

PF FINENESS (1<75~ll i 81. 950 83.200 32.140 83. 730 82.330 81. 950 

IORKING FLUID CONDITIONS 

REHEATER SPRAY FLOW Eg/S 9.973 9.247 1.807 7.442 7.383 6.652 

FEED FLOW (ORIFICE] kg/s 335.503 337 .605 341. 404 m.304 339.159 339.979 

TOTAL FEm FLOW ig/s 345.476 346.852 349.211 346.746 346.542 346.631 

MAIN STEAK TEMP. ·C 536.600 536.600 536.767 S36.400 536.583 536.229 

REHEAT STEAK TEMP. 'c 535.500 534.400 S34.400 534.400 534.400 534.371 

FINAL FEEDW. TEMP. 'c 228.300 228.300 228.250 228.300 228.300 228.307 
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Table G.4: SPEC GRADE COAL 450 MW TESTS (Friday, 13th May 1994) 

PARAIIETER IJHITS 450/28.5/09hOO 450/25.5/1IhOO 450/22.5/15h45 450/19.5/16h45 450/16.5/11h45 450/12.5119hOO 

COWllEWSER PERFORIWICE 

CI INLET TEMP. (TI) 'c lun 16.415 19.191 19.166 19.015 18.160 

CIOUTLET TEMP.(T2) 'c 28.169 30.m 32.814 32.894 32.513 32.404 

CONDENSATE TEMP. 'c 28.643 29.822 32.368 32.478 32.415 32.105 

BACKPRESS. (AVERAGE) iPa J.068 3.365 4.013 4.021 3.931 U50 

CI PUMPS liS (WEST) t 3.000 3.000 3.000 3.000 3.000 3.000 

ELECTRICAL PARAMETERS 

UNITS GENERATED Iff 449.200 449.709 449.267 449.067 449.267 449.010 

UNIT CONSUMPTION NI 23.039 22.164 22.529 22.485 22.389 22.194 

REACTIVE LOAD MVAR 257.050 241.014 206.983 231.783 232.900 235.573 

IORKS POm / OSO S 5.406 5.332 5.279 5.271 5.245 5.200 

STEP OUTPUT PARAMETERS 

EFP. GCVv (BOMB ) S 37.071 ]7.972 37.656 ]6.785 36.810 36.911 

EFF. GCVv (DAILY AVE) S 36.696 36.385 37.930 31.419 37.549 31.248 

m. GCVv(DAILY 8IAS) S 36.886 37.161 37.793 37 .099 31.176 31.109 

EFF. NCVp (CALCed I S 34,lH 34.331 JU71 34.514 3U63 34.620 

STEP FACTOR S 98.822 99.011 99.084 99.144 99.219 98.952 

TOTAL ACCOUNTED LOSS S 1.178 .989 .916 .856 .781 1.048 

ONACCOUNTED LOSSES S .000 .000 .000 -.000 -.000 .000 

STEP LOSSES 

CARBON I N REFUSE S -.033 -.071 -.060 -.089 -.013 .212 

DRY FLOE GAS S .348 .176 .084 .016 -.052 .064 

fil I FOEL WISTURE S -.019 - .020 -.011 -.010 -.006 .022 
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13 thTable 0.4: SPEC GRADE COAL 450 MW TESTS (Friday, May 1994) 

PillIETER. oms 450/28.5/09hOO 450/25.5/l1bOO 450122.5/15h45 450/19.S/16h45 450/16.5/17&45 450/12.5/19hOO 

IIA I N STEAM TEMP. ~ -.037 -.037 -.040 -.032 -.036 -.028 

RElIEAT STEAl TEMP. ~ -.012 ,014 ,014 .014 .014 .015 

CONDENSER BACKPRESS. ~ .006 .007 .016 .021 .005 -.079 

TURB. DETERIORATION ~ .894 .894 .894 .894 .894 .894 

FINAL FEEDIATER TEMP. ~ -.013 -.011 -.011 -.013 -.012 -.013 

IJRXS POWER ~ .043 .042 .036 .054 - .014 -.040 
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Table G.5: SPEC GRADE COAL 400 MW TESTS (Thursday, 12th May 1994) 

PAWETER UNITS 400/JU/09hOO 400/30.0IllhlS 400/26.0/l3hOO 400/22.0/l4hOO 400/18.0/15hOO 

PLOE GAS AIIALYSIS 

02 ECON AVERAGE hoI 5.340 4.128 3.896 3.143 2.108 

02 AlHTR OUTL AVG DRY ~ vol 5.809 5.456 4.893 4.114 3.604 

02 10 DISCHARGE AVG %vol 1.m 6.561 5.982 5.358 4.913 

02 ECON DRY ~ vol 5.213 4.136 4.061 3.229 2.510 

02 ID DISCHARGE DRY %vol 6.556 6.H3 5.519 4,699 3.989 

CO2 10 AVG DRY ~ vol 12.191 12.5H 13 .047 13.614 lU23 

CO2 (THEORETIC lUX) XlaSS 26.133 26.841 26.889 26.908 27.m 

CO2 (OSTWALD) DRY ~ yol 12.872 13 .299 13 .882 14.621 lU51 

02 (OSTWALD) Xvol 7.368 7.051 6.508 5.891 5.316 

S02 ID AVO DRY ppi 154.616 191.517 819.905 859,577 884.108 

HOI 10 AVO DRY PPI 63U39 622.m 589.221 m.m 502. 282 

CO (CODELI AVG DRY PPI 21.314 31.986 28.961 49.026 91.066 

AIR , PLrnE GAS PROPERTIES 

BAROllETRI CPRESSURE Ibar m,035 m.905 m.155 8440685 m.s60 

AMB IEHT TEllPERATURE ·c 11.870 17 .900 20.145 20.515 20.170 

RELATIVE HUMIDITY X 52,600 32,m 25.165 24,590 23,415 

DEIPOIHT TEMPERATURE ·c -31.520 -30.790 -30.395 -29.770 -29.280 

FD AIR INLET T. (Tab) 'c 27.448 lJ.563 34.366 35.095 35.260 
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Table G.5: SPEC GRADE COAL 400 MW TESTS (Thursday, 12th May 1994) 

PARAmER OMITS 400/34.0/09hOO 400/lO.0/llh15 400/26.0/13h00 400/22.0/14hOO 400/13.0/15hOO 

A/BTR GAS OUTLET AVG ·C 127 .418 129.834 133.536 \36.582 138.651 

NO-LEAK A/HTR OOTL T. ·C 131.138 m.10S 138.439 142.282 144,530 

DRY FLUEGAS HEAT LOSS MY 5U84 52.095 52.253 51. 686 51.066 

10 DISCHARGE TEMP AVG ·C 126.175 118.641 121.967 123.554 116.301 

OPACITY S 22.338 19.025 19.385 16.962 17 .783 

NO ISTURE ATNOSPIlERI C kg/s 3.219 3.138 3.025 2.887 2.777 

IIOISTURE (COAL) kgls 8.984 8.833 8.945 8.805 8.701 

110 ISTURE (COMBUST ION l his 15.486 15.882 15.337 15.532 15.483 

MOISTURE (HOPPER) kgls 4.160 4.188 4.151 4.178 4.226 

MOISTURE TO FLY-ASH kg/s 3.835 3.108 3.874 3.752 3.531 

NETT MOISTURE kg/s 28.012 28.333 21. S8S 21.650 21.651 

AIR FLOI UOIL TOTAL kg/s 444 .160 m.545 416.182 395.329 394.981 

AIR FLO' TOTAL kg/s 458.288 446.716 430.101 410.898 395.191 

CORE AI RFLO' ig/s 11.930 II. 930 II. 930 II. 930 II. 930 

SEAL AIR FLO' kg/s 140628 14 .628 14.628 \4.628 14.628 

Al RHTR LEAKAGE kg/s 18.688 21.655 23.275 25.231 24.737 

ESP AIR LEAKAGE kg/s 40.884 38.592 35.290 31.206 28.152 

COMBUSTION AIR kg/s 439.600 m.121 401.426 385.661 310.454 

THEORETICAL AIR kg/s 359.489 358.608 358.352 356.454 355.485 

STOICHIOJl. AIR kgls 359.489 358.608 J58.m 356.454 m.m 

FURNACE LEAKAGE kg/s 35.000 35.000 35.000 35.000 35.000 

CALCULATED FURNACE 02 S lass 4.219 3.622 2.788 1.754 .935 

EXCESS AIR kg/s 80.111 66.514 49.015 29.213 14 .969 
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Table G.5: SPEC GRADE COAL 400 MW TESTS (Thursday, 12th May 1994) 

!IJIITS 400/34.0/09hOO 400/lO.0/llhI5 400126.0/lJhOO 400/22.0/14hOO 400/18.0/15hOO 

ECON GAS(DAf) kg/s 509.118 494,994 477 0304 455.474 441.104 

fURNACE GAS DRY kg/ s 474.118 459.994 442.304 420.474 406.104 

TOTAL A/HTR GAS(OAF) h/s 529.306 518.148 502.079 482.205 467.341 

10 GAS (OAF) kg/s 570.191 556.740 537.369 513.411 495.492 

ID GAS (CIIEW. ANAL.) kg/ s 568.691 555.240 535.869 511.911 493.992 

10 GAS (BALANCE TECH I kg/ s 570.190 556.739 537.369 513.411 495.495 

VOLlOOITRIC - GRAVIMETRIC BACK-EIID GAS RECONCILIATION 

TIIEORETICAL CO2 kg/IOOkg 137.015 138.473 lJ7 .088 138.228 140.196 

BACK-eND N2 kg/l00kg 575.849 566.378 538.610 521. 663 506.739 

BACK-END 02 kgflOOkg 53.110 48.955 41. 774 34,342 28.282 

BACK-END NOI kg/IOOkg .483 .465 .418 .360 .334 

BACK-END 502 kg/IOOkg 1.225 1.263 1.242 1.258 1.255 

BACK-END CO kg/laOkg .015 .022 .019 .031 .057 

BACK-END CO2 kg/IOOkg 135.972 137.379 135 .816 136.830 138.691 

TOTAL GAS kg/lOOkg 766.715 754.463 717.880 694.484 675.351 

MOLE WASS (liIture) kJ/kiolK 3025.m 3029.258 3035.090 304 \.019 3048.005 

COAL QUANTITY AIID QUALITY 

COAL VOLUME flOW 13/h 285.709 289.635 288.769 28U23 290.875 

COAL DENSITY TON/a3 .937 .911 .9JJ .m .908 

COAL WASS flOW kg/s 1U68 73.793 74.855 73.927 73.368 
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Table G.5: SPEC GRADE COAL 400 MW TESTS (Thursday, 12th May 1994) 

PWIIETER UllITS 400/34.0/09hOO 400/30.0/l1hI5 400/26.0/lJhOO 400/22.0/14hOO 400/18.0/l5bOO 

PROIIMATE AND ULTIMATE ANALYSIS. (AIR DRIEDI 

INHERENT MOISTURE X 3.700 3.800 3. 900 4.000 4.000 

ASH X 43.000 41.800 43.000 42.100 39.900 

VOLATILE MATTER X IUOO 18.700 17.900 18.800 19.600 

FIXED CARBOM(BY DIFF) X 35.000 35.700 35.200 35.100 36.500 

CARBON , 40.630 41. 410 40.530 41.150 42.300 

HYDROGEN X 2.560 2.640 2.510 2.570 2.580 

NITROGEN X .940 I. 050 .840 .870 1.060 

TOTAL SULPHUR ~ 1.290 .840 .910 .790 .760 

CARBONATE ( CO2 I X .760 .810 .530 .690 .800 

OXYGEN (BY DIFF) X 7.120 7.650 7.780 1.830 8.600 

GROSS CV MJlig 15.180 15.540 15.100 15.400 16.160 

SURFACE MOISTURE X 8.680 8.470 8.350 8.210 8.160 

INHERENT MOISTURE X 3.400 3.500 3.600 3.700 3.700 

TOTAL MOISTURE , 12.080 11. 970 11.950 II. 910 11.860 

PROIIMATE AND ULTIMATE ANALYSIS (AS RECEIVED) 

TOTAL MO ISTURE X 12.080 11.970 11.950 11. 910 11.860 

ASH (BY DIFFI X 39.164 38.393 39.135 38.656 37.194 

VOLATILE MATTER X 16.656 17.059 16.350 17.197 17.939 

fIXED CARBON(BY DlfFI X 32.100 32 .578 32.566 n.236 33.001 

CARBON X 37.394 37.792 37.414 31.125 38.262 

HYDROGEN X 2.340 2,380 2.322 2.m 2.356 

NITROGEN X .856 ;958 .161 .796 .970 

TOTAL SULPHUR X .994 .190 .823 .7~ .755 

CARBONATE ( CO2 ) X .692 .139 .484 .631 .132 
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Table G.5: SPEC GRADE COAL 400 MW TESTS (Thursday, 12th May 1994) 

PARAMETER ums 400/34.0109hOO 400/30.0/llhI5 400/26.0/l3hOO 400/22.0/14hOO 400/18.0/l5hOO 

OXYGEN I 6.480 6.979 7.106 7.162 7.871 

GCVv (AS RECD! BOMB ) MJ/kg 13.950 14.220 13.835 14.\31 14.837 

GCVv (DAILY AVERAGE) IU/kg 14.195 14.195 14.195 14.195 14.195 

GCVv (BIAS.DAILY AVE) MJ/kg 14.073 14.207 14.015 14.163 14,516 

NCVp (CALCed, DULONG) NJ/kg 15.202 15.369 15.172 15.310 15.501 

HEAT IN VOLATILES 22.180 22.520 20.393 22.849 24.762 

CARBON IN OUST .600 .700 .800 .900 1.000 

CARBON INROUGH ASH 1.800 1.100 1.400 1.300 1.200 

NEAll CARBON IN ASH .686 .729 .843 .929 1.014 

MILLIIll PLANf 

NUMBER Of MILLS I/S J 4.000 4.000 4.000 4.000 4.000 

MILL CONfIGURATION J BCDE BCOE BCDE BCOE BCDE 

PF FINENESS (1<75~11 s 76.600 77.250 78.410 76.760 75.700 

MJRlIlll flUID CONDITIONS 

REHEATER SPRAY flOW kg/s 6.712 6.322 6.256 6.160 6.060 

fEED flO' (ORIFICE) kg/s 316.446 317.819 319.556 322.341 324.556 

TOTAL FEED FLOW kg/s m.218 324.141 325.812 32UOI 330.616 

NAIR STEAM TEMP. ·c m.m m.120 536.325 m.m m.m 

REHEAT STEAM TEMP. ·C m.m 532.100 530.901 525.200 m.m 

FINAL fEEOW. TEMP. ·c 222.450 222.467 222.450 222.450 222.501 
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Table G.5: SPEC GRADE COAL 400 MW TESTS (Thursday, 12th May 1994) 

PAItANETEI UNITS 400/34.0/09hOO 400/30.0/l1hI5 400/26.0/1Jh00 400/22.0/l4hOO 400/18.0/15h0O 

CONDEJlSEi PEiPOIl.lWlCE 

CI INLET TEMP .ITI) ·C 13.860 11.930 18.800 19.310 19.541 

CI OUTLET TEMP .IT2) ·C 25.431 30.m 31.261 31. 905 32.111 

CONDENSATE TEMP. ·c 25.266 29.788 30.910 31.308 31.490 

BACKPRESS. (AVERAGE) kPa 2.356 3.413 3.540 3.701 3.762 

CI PUMPS lIS (lEST] t 3.000 3.000 3.000 3.000 3.000 

ELIlCTRICAL PWMETERS 

UNITS GEMEllATHD III 40l.460 401.164 401.387 40L456 401.679 

UNIT CONSUMPTION '" 20.818 20.634 20.415 20.339 20.185 

REAcrIVE LOAD WAR 203.670 188.m 115.830 164.300 163. 768 

IORKS POWEI I USO X 5.469 5.422 5.361 5.337 5.291 

STEP OOTPIlT PAItANETERS 

m. GCVv (BOMB) X 36.690 36.263 36.786 36.482 35.046 

EFF. GCVy (DAILY AVE) X 36.058 36.329 35.854 36.319 36.631 

EFF. GCVv(DAILY BIAS) X 36.371 36.296 36.314 36.400 35.821 

m. NCVp (CALCed) X 33.670 33.m 33,543 33.673 33.544 

STEP FAcrDK X 99.062 99.102 99.118 99.218 98.768 

TOTAL ACCO[JN'!'ED LOSS X .938 .897 .882 .782 1.232 

UNACCO[JN'!'ED LOSSES X .000 .000 -.000 -.000 -.000 

STEP LOSSES 

CARllON IN IEFUSE X .147 .178 .220 .191 .456 

DRY FLUE GAS X .050 -.034 -.066 -.293 -.283 

H2 I PUEL IfOIS1iIRE X -.036 -.029 -.002 -.015 -.OOS 
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Table G.S: SPEC GRADE COAL 400 MW TESTS (Thursday, 12th May 1994) 

PWMETER UIIITS 400/34.0/09hOO 400/30.0/llhI5 400/26.0/13hOO 400/22.0/14hOO 400/l8.0/l5h00 

IIA IN STEAM TEMP. 1 -.018 -.017 - .031 - .031 -.018 

REHEAT STEAM TEMP. S .063 .070 .098 .135 .473 

CONDENSER BACKPRESS. 1 -.053 .014 -.004 .009 .Oll 

TURB. DETERl ORAT ION S .894 .894 .894 .894 .894 

FINAL fEEDWATER TEMP. S .017 .015 .016 .017 .016 

10m POlEK S -.126 -.194 -.246 -.226 -.313 
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APPENDIX H: HIGH GRADE COAL TEST DATA 

Table H.t: HIGH GRADE COAL 630 MW TESTS 

PARAMETER utlITS 630/21.0/llh4S 630/18.0/lJhI5 630/15.0/14hI5 6JO/ll.0/15hI5 6JO/08.0/16hI5 630/05.0/I1hIS 

PLUE GAS ANALYS I S 

02 ECOII AVERAGE ~ vol 3.706 3.521 2.667 2.463 1.905 1.400 

02 A/HTR OUTL AVG DRY hoi 5.469 5.084 4,557 3.979 3.345 2.578 

02 ID DISCHARGE AVG S vol 5.980 5.550 4,880 4.460 3.910 3.460 

02 ECON DRY ~ vol 3.7J8 3.411 2.859 2.m 1.812 1.448 

02 10 DISCHARGE DRY ~ vol 5.194 5.419 4.775 4.102 3.458 2.842 

CO2 10 Ava DRY S va! \3 .082 l3.m 13.961 14.421 15.023 15.960 

C02 (THEORETIC MAX) I .ass 27.566 21.559 21.124 27.669 21.633 27 .113 

CO2 (OSTWALD) DRY I vol 13.994 14 .344 15.025 lUll 16.194 16.858 

02 (OSTWALD I S vol 6.848 6.444 5.991 5.471 40307 3.875 

S02 10 Ava DRY PPI m.791 377.529 398 .428 414.728 443.948 S58.548 

1101 ID AVG ORY PPI 801.S41 723.323 701.089 666.881 619.534 558.548 

CO (CODEL) AVG DRY PPI 22.672 20.951 26.610 28.726 48.534 726.661 

AIR I fLOE GAS PROPERTIES 

BAROMETRIC PRESSORE .bar 845.580 844.900 844,560 844,440 844.520 844.700 

AMBIENT TEMPERATURE ·C 15.820 16.895 11.010 !7 .070 11.150 16.320 

RELATIVE HUMIDITY I 44.410 39.015 31.695 31.m 34.410 33.820 
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16thTable H.l: HIGH GRADE COAL 630 MW TESTS (Monday, May 1994) 

PARAJIETER UNITS 630/21.0/llh4S 630/l8.0mhI5 630/15.0/14h15 6JO/l1.0!15h15 6JO/08.0/16h15 630/05.0/l1h15 

DEiPOINT TEMPERATURE ·C -30.260 -29.805 -29.590 -29.860 -30.290 -30.040 

FD AIR INLET T.(Tdb) ·C 30.551 31.565 32.000 31.849 31.929 31.099 

AlIITR GAS OUTLET AVG ·C m.m m.m m.m 138.841 140.757 142.541 

NO-LEAK A/HTR OUTL T. ·c 143.281 143.892 145.996 148.702 149.415 149.042 

DRY fLUEGAS HEAT LOSS Mi 82.556 80.685 79.242 78.515 76.612 75.086 

10 OISCHARGE TEMP AVa 'c 125.592 128.091 129.448 132.801 133.019 1l2.982 

OPACITY 1 30.372 26.838 24.471 22.736 23.281 21.750 

NO ISTURE ATMOSPHER I C kgjs 4.526 4.421 4.261 4.104 3.965 3.837 

MOISTURE (COAL) kg/s 10.335 10 .409 11.109 9.980 11.147 11.J47 

MOISTURE (COMBUSTION) kg/s 19.920 19.695 18.693 19.394 18.376 19.316 

MOISTURE (HOPPER) kg/s 4.229 4.262 4.259 4.217 4.265 4.289 

IIOISTURE TO FLY-ASH kg/s 3.518 3.370 3.384 3.300 3.354 3.241 

NETT 110 ISTURE kg/s 35.492 35.413 34.938 34.456 34.399 35.542 

AIR fLOI A.FOIL TOTAL kg/s 618.486 603.629 583.837 563.406 545.758 526.628 

AIR fLOI TOTAL kg/s 645.032 630.995 607.274 584.782 564.857 546.644 

CORE Al RFLOW kg/s 11. 930 11.930 II. 930 11.930 11.930 11. 930 

SEAL AIR fLOW kg/s 18.285 18.285 18.285 18.285 18.285 18.285 

A I R MTR LEAKAGE kg/s 69.433 64.529 61.422 55.903 47.331 34.554 

ESP AI RLEAKAGE kg/s 39.912 37.922 34.641 31.429 28.553 26.363 

COMBUSTION AIR kg/s 515.599 566.466 545.851 528.819 517.526 512.090 

THEORETICAL AIR kg/s 504.299 505.138 502.855 50 I. 449 502.900 508.329 

STOICBIOM. AIR kg/s 504.299 505.738 502.855 501.449 502.899 508.329 

FURNACE LEAKAGE ~g/s 35.000 35.000 35.000 35.000 35.000 35.000 
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16thTable H.l: HIGH GRADE COAL 630 MW TESTS (Monday, May 1994) 

PWMETER OHlTS 630/21. O/llh45 630/18.0/13hI5 630/15.0/l4hI5 630/II.O/l5h15 630/08.0/16hI5 630/05.0/l1hI5 

CALCULATED FURNACE 02 I lass 2.868 2.482 1. 824 1.201 .654 .110 

EXCESS AIR kg/s 71.300 60.728 42.996 27.430 14.627 3.161 

ECON GAS (OAF) kg/s 661. 440 652.279 632.203 615.019 603.269 600.514 

FURNACE GAS DRY kg/s 626.440 617.279 597.203 580.019 568.269 565,574 

TOTAL MIITR GAS(OAFJ kg/s 132.374 118.308 695.126 612.423 652.100 636.628 

10 GAS (OAF) kg/s 172.286 756.229 729.767 703.851 680.652 662.992 

10 GAS (CHEM. ANAL.) kg/s 710.786 754.730 728.267 702.351 679.152 661.491 

ID GAS (BALANCE TECH) kg/s 772.287 756.238 729.762 703.853 680.650 662. 991 

VOLUMETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION 

THEORET! CAL CO2 kg/lOOkg 163.230 165.160 163.557 165.451 164.614 165.871 

BACK-END N2 Ig/100kg 641.348 631.J82 603.663 592.425 565.704 531.266 

BACK-END 02 kg/lOOkg 52.405 48.241 40.578 34.116 27.446 21.289 

BACK-END HOI Ig/1001g .680 .604 .563 .520 .461 .392 

BACK-EJID 502 ig/lOOkg .680 .673 .678 .691 .705 .838 

BACK-END CO kg/100kg .018 .016 .020 .021 .034 .476 

BACK-END CO2 kg/lOOkg 162.128 164.766 163.166 164.954 164.010 164.423 

TOTAL GAS kg/l00lg 857.859 845.683 808.667 792.727 758.361 718.685 

MOLE MASS (Iilture) kIlholK 3035.186 3039.670 3045.253 3049.965 3057.130 3070.051 

COAL OUAJlTITY AIID QUALITY 

COAL VOLUME FLO' 13/n 3J7 .981 m.837 J29.829 329.053 J2U1J 335.088 

COAL DENS ITY TON/13 .959 .967 .985 .971 .987 .991 

COAL MASS FLO' kg/s 90.025 89.423 90.243 88.789 89.75J 92.251 
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Table H.1: HIGH GRADE COAL 630 MW TESTS (Monday, 16th May 1994) 

PARAmHR UNITS 630/21.0/11h45 630/l8.0/l3hI5 630/l5.0/14hI5 630/11.0/!5hl5 630/08.0/16h15 630/05.0/11hI5 

PROXIMATE AND ULTIMATE ANALYSIS (AIR DRIED) 

INHERENT MOISTURE ~ 6.300 6.400 7.300 5.900 7.100 6.800 

ASH S 31.500 30.400 30.200 10.000 30.200 2UOO 

VOLATILE MATTER ~ 20.600 20.900 20.600 21.200 20.700 21.600 

FIXED CARBON(BY DIFF) S 41.600 42.J00 41. 900 42.900 42.000 43.100 

CARBON S 46.910 48.070 47.060 48.270 47.840 48.660 

HYDROGEN S 2.630 2.620 2.460 2.600 2.440 2.500 

NITROGEN ~ 1.290 1.350 1.320 1.360 !.JOO !.S20 

TOTAL SULPHUR S .440 .500 .380 .450 .570 .420 

CARBONATE ( C02 ) S 2.100 !.S80 2.100 2.130 1.S40 2.210 

OXYGEN (BY Dm) S 8.830 9.080 9.180 9.290 9.010 9.390 

GROSS CV HJ/ig 17.750 18.210 18.060 18.510 18.160 18.690 

SURFACE MOISTURE S 5.510 5.580 5,380 5.660 5.700 5.880 

INHERENT MOISTURE S 5.970 6.060 6.930 5.580 6.120 6.420 

TOTAL MOISTURE S 11.480 11.640 12.310 11.240 12.420 12.300 

PROXIMATE AND U~TlNATE ANALYSIS (AS RECEIVEDl 

TOTAL MOl STURE ~ 11. 480 I!. 640 12.310 11.240 12.420 12.100 

ASH (BY Om) s 29.612 29.110 28.432 28.746 28.704 27.356 

VOLATILE MATTER S 19.393 19.659 19.409 19.929 19.435 20.243 

FIXED CARBOH(BY OIFF) S 39.515 39.591 39.849 40.085 39.441 40.101 

CARBON S 44,548 45.075 44.6J7 45.156 44.926 45.269 

HYDROGEN S 2.433 2.421 2.354 2.417 2.340 2.366 

NITROGEN S I. 214 1.270 1.244 1.278 1.221 1.424 

TOTAL SULPHUR S .423 .451 .395 .428 .484 .413 
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16thTable H.1: HIGH GRADE COAL 630 MW TESTS (Monday, May 1994) 

PARAIETER 01IIT5 630/21.0/1lh45 630/18.0/I3h15 630/l5.0/l4h15 630/11.0/l5h15 630/08.0/l6hI5 630/05.0/17h15 

CARBONATE ( CO2 ) ~ 1.977 1.486 1.979 2.002 1.446 2.071 

OXYGEN ~ 8.m 8.541 8.649 8.73J 8.459 8.800 

GCVv (AS RECD, BOIm) IIl/kg 16.710 17.191 17.084 17.460 17 .120 17.587 

GCVv (DAILY AVERAGE) IIllkg 17.192 17.192 17.192 17.192 17.192 17.192 

GCVv (BIAS.DAILY AVE) Nllkg 16.951 17.191 17. [38 [7.326 17.156 17.389 

NCVp (CALCed, DULONG) Ill/kg 17.716 17.887 17.630 17.911 17.717 17.864 

HEAT IN VOLAT ILES 20.023 22.110 21.114 22.354 22.087 22.886 

CA.RlION IN DOST .400 .300 .300 .400 0500 .700 

CARBON IN ROUGH ASH .400 .400 .400 .500 .300 .100 

MEAN CARBON INASH .400 .301 .307 .401 .486 .m 

IILLING PLANf 

HOlmER OF MILLS lIS t 5.000 5.000 5.000 5.000 5.000 5.000 

MILL CONFIGURATION t BCDKF BCDEF BCDEF BCDEF BCDEF BCm 

PF FINENESS [X<75!11) ~ BU80 81.850 82.250 83.910 83.360 81.980 

IORKING FLUID CONDITIONS 

REHEATER SPRAY FLOW kg/s 11.469 9.955 9.092 8.989 7.248 7.102 

FEED FLOW (ORIFICE) kg/s 493.076 496.569 499.051 498.154 501.496 502.726 

TOTAL FEED FLOW kg/s 504.545 506.524 508.143 507.74J 508.744 509.828 

MAIN STEAM TEMP. ·C 535.080 534.300 HU4J 535.500 S34.950 534.m 

REHEAT STEAM TEMP. 'c 53UOO 534.551 534.714 DUDO 534.750 534.100 

FINAL FEED•. TEMP. ·C 244.500 244 .200 244.500 244.250 244.250 244.250 
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16thTable H.1: HIGH GRADE COAL 630 MW TESTS (Monday, May 1994) 

U1fITS 630/21.0/1Ib4S 630/l8.0/13h15 630/1S.0/14hIS 630/11.0/15h15 630/0B.0/16h1S 630/05.0117h15 

CONDElISElt PEltFODAHCE 

CI INLET TEMP. (T1) ·C 15.886 16.610 16.850 16.130 16.190 11.080 

C'I OmIT TEMP. (T2) ·C JJ .939 34,585 34.834 34.660 34.650 34.810 

CONDENSATE TEMP. ·C 31.650 38.397 38.511 38.430 38.316 38.620 

BACKPRESS. (AVERAGE) kPa 4.509 4.688 4.147 4.697 4.688 4.753 

CI PUMPS liS (lEST) 1000 3.000 3.000 3.000 3.000 3.000 

ELECTKICAL PAWETEltS 

UNITS GENERATED MY 626.387 626.258 626.329 626.483 626.588 626.791 

UNIT CONSUMPTION MY 2U60 24.116 23.858 23.698 23.500 23.310 

REACTIVE LOAD lIVAR 248.015 263.121 269.825 278.217 259.119 253.426 

MJRKS POWER I OSO X 4.046 4.015 3.960 3.931 3.897 3.863 

STEP OIlTPUT PWMETEltS 

EFF. GCVv (001(8) X 40.020 39.161 39.018 38.884 39.249 31.196 

EFF. GCVv (DAILY AVE) X 38.898 39.164 38.833 39.489 39.085 38.052 

EFF. GCVv(DAILY BIAS) x 39.m 39.165 38.955 39.184 39.167 37.619 

EFF. NCVp (CALCed) X 37.146 31.641 37 .861 37.905 37.921 36.621 

STEP FACTOR X 98.891 98.969 99.162 99.225 99.218 98.972 

TOTAL ACCOUHTEO LOSS X 1.109 1.031 .838 .175 .181 1.028 

ONACCOUNTED LOSSES X -.001 .000 .000 .000 .000 -.000 

STEP LOSSES 

CARBON 1M REFlJSE X .015 .00) -.074 .064 .032 .301 

DRY FLUE GAS X .066 .005 .005 -.225 -.109 -.109 
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16thTable H.1: HIGH GRADE COAL 630 MW TESTS (Monday, May 1994) 

PllilIETElt IJRITS 630/21.0/11h(5 630/18.0I!3hlS 630{15.0/14kI5 630/l1.0!lSh15 630/08.0116kI5 630/05.01l1h15 


H2 l FUEL J(()ISTUltE ~ -.053 -.052 -.0(1 -.050 -.034 -.023 


IlAlM STEAM TEMP. ~ -.002 .017 .001 -.012 .001 .017 


REHEAT STEAM TEMP. ~ .Ot( .011 .001 -.005 .006 .022 


CONDElfSER BACXPRESS. ~ -.019 - .021 -.022 -.026 -.030 -.033 


TURB. DETERIORATION ~ .89( .89( .m .89( .394 .894 


FINAL FEEDiATER TEMP. S .009 .016 .008 .015 .015 .016 


MlRKS POIER ~ .175 .158 .058 .119 .006 -.056 
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Table H.2: HIGH GRADE COAL 550 MW TESTS (Tuesday, 17th May 1994) 

PARAMETER milTS 550j28.0/09hOO 550/24.5/10.15 5S0/21.0/llbI5 550/17 .0/lZhI5 550/IJ .5!13h30 550/1O.0/l4h30 

fLOE GAS WLYSIS 

02 ECOIl AVERAGE S vol 4,443 4.240 4.132 3.198 Z.S5S 2.157 

02 A/HTR OurL AVG DRY ~ vol 6.076 5.635 5.042 4.701 4.017 3.106 

02 10 DISCHARGE AVG S vol 6.366 5.985 5.600 4.891 4.261 3.611 

02 ECOIl DRY S va I UJ5 4.114 3.m 3.187 2.638 2.120 

02 ID DISCHARGE DRY S vol 6.546 6.085 5.419 4.995 4.272 3.540 

CO2 ID AVG DRY S vol 12.617 13 .055 13.534 13.822 14.461 15.482 

C02 (THEORETIC MAXI ~ lass 27.706 27.767 27.691 27.725 27.707 27.649 

CO2 (OSTiALD) DRY ~ vol IU84 13 .848 14.422 14.828 15.494 16.182 

02 (OSTWALD) ~ vol 7.427 6.995 6.440 6.1S0 5.459 4.346 

S02 ID AVG DRY PPI 392.924 415.79.1 449.555 475.053 503.343 m.189 

1l0x ID AVG DRY PPI 872.746 841. 487 786.671 728.223 639.066 543.605 

CO (CODELI AVG DRY PPI 6.486 28.182 32.761 31.320 101.207 766.942 

AIR i FLOE GAS PROPEaTlES 

BAROMETRIC PRESSURE Ibar 846.900 846.830 846.350 845.130 845.200 845.030 

AXIl IENT TEMPERATURE ·c 10.020 13.870 15.280 16.275 16.670 16.830 

RELATIVE HUMIDITY ~ 62. 930 48.170 42.645 39.415 35.890 35.110 

DEWPOIHT TEMPERATURE ·c -30.930 -30.910 -30.370 -30.170 -30.120 -29.860 

FD AIR INLET T. (Tdbl ·C 25.342 28.409 30.332 31.204 31.661 32.089 
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Table H.2: HIGH GRADE COAL 550 MW TESTS (Tuesday, 17th May 1994) 

P.rumER UNITS 550!28.0/09hOO 550124.5/10.15 550/21.0/llhI5 550/17.0/12bI5 550/IJ.5/13h30 550/10.0/14h30 

AI!ITR GAS OUTLET AVG ·C 118.551 124.869 127.109 13U46 132.951 134.126 

NO-LEAK A/HiR OUTL T. ·C 127.737 1JJ.979 m.829 140.440 140.796 139.474 

DRY FLUEGAS HEAT LOSS IfI 68.187 68.620 66.169 61.001 64.616 61.609 

10 DISCHARGE TEMP AVG ·C 119.164 121.951 123.520 124.960 126.536 126.390 

OPACITY ~ 26.953 24.894 23.514 22.266 21.094 20.571 

MOl STORE ATMOSPHERIC kg/s 4.102 3.986 3.828 3.733 3.582 3.440 

MOISTORE (cOALl kg/s 9.647 10.234 10.092 10.071 10 .040 10.346 

110 ISTORE (COMBUSTION) kgls 16.853 16.644 16.210 16.052 15.854 16.382 

NO ISTURE (HOPPER l kg/s 4.418 4,384 4.403 4,380 4.416 4.368 

MOISTURE TO FLY-ASH kg/s 2.656 2.812 2.726 2.829 2.663 2.887 

NETT 110 ISTURE igls 32.364 n.m 31.801 31.407 31.229 31.649 

AIR FLO' UOIL TOTAL kgls 567.250 551.584 525.426 509.352 498.314 m.m 

AIR fLO' TOTAL kgls 584.462 567.984 545.351 531.716 510.208 489.963 

CORE AIR FLOW kgls II. 930 11. 930 11.930 II. 930 11.930 II. 930 

SEAL AIR FLOW kgls 14.628 14 .628 14.628 14.628 14.628 14 .628 

A I R HiR LEAKAGE kgls 58.859 55.256 51.068 49.188 41. 906 28.121 

ESP AI RLEAKAGE kgls 40.608 38.144 34.621 32.418 29.181 26.348 

COMBUSTION AIR kg/s 525.602 m.128 494.283 482.528 468.)01 461.836 

THEORETICAL AIR kgls 442.468 442.819 441. 714 440.016 440.440 446.399 

510I eH 1011. AIR kgJs 442.469 m.m 441.114 44O.Q76 440.440 446.399 

fURNACE LEAKAGE kgJs 35.000 35.000 35.000 35.000 35.000 35.000 

CALCULATEO fURNACE 02 ~ lass 3.662 3.156 2.459 2.037 1.377 .774 

EXCESS AIR kgJs 83.134 69.909 52.509 42.452 21.861 15.437 
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Table H.2: HIGH GRADE COAL 550 MW TESTS (Tuesday, 17th May 1994) 

PlliMETER OIlTS 550/28.0/09hOO 550/24.5/10.15 SSO/21.0fllhI5 5S0/11.O/12hI5 550/lJ.5/13h30 SSO/10.01l4h30 

ECON GAS(OAF) kg/s 605.565 593.239 514.641 562.668 548.664 544 .086 

FURNACE GAS DRY igis S7o.s65 558.239 m.MI 527.668 513.664 509.086 

TOTAL A/HTR GAS{DAF) kg/s 665.924 649.995 627.209 613 .355 592.010 m.m 

ID GAS (OAF) kg/s 706.532 688.139 661.829 645.8J3 621.257 600.061 

10 GAS (CHEM. ANAL.) kg/s 705.032 686.639 660.m 644.333 619.157 598.561 

10 GAS (BALANCE TECH I kg/ s 106.515 688.139 661.830 645.83J 621.257 600.062 

VOLUMETRIC - GRAVlllETRIC BACK-ENU GAS RECONCILIATION 

THEORETICAL CO 2 ig/lOOkg 167.832 165.115 165.806 164.814 166.878 165.291 

BACK-ENU N2 kg/l00ig 681.843 648.649 629.586 613.738 S94.116 543.901 

BACK-END 02 kg/IOOkg 63.173 55.851 48.158 43.202 35.m 27.222 

BACK-END NOI kg/IOOkg .790 .124 .656 .591 .501 .392 

BACK-END S02 kg/IOOkg .759 .764 .800 .823 .843 .827 

BACK-END CO kg/IOOig .005 .023 .025 .024 .018 .516 

BACK-END CO2 kg/IOOkg 161.464 164.790 165.432 164.421 166.348 163. 747 

TOTAL GAS kg/lOOkg 914.034 870.80 I 844.658 822.198 797.619 736.605 

MOLE MASS (liIture) kJ/bolK 3030.824 3036.061 3041.182 3044.185 3051.604 J065.m 

COAL QUANTITY AND QUALITY 

COAL VOLUME FLOW ,3/h 301.116 298.186 300.786 299.293 298.284 299.851 

COAL DENSITY TON/I) .922 .952 .938 .944 .940 .978 

COAL NASS FLO' kg/s 77.298 19.024 78.355 78.492 77.889 81. 463 
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Table H.2: HIGH GRADE COAL 550 MW TESTS (Tuesday, 17th May 1994) 

PARAMETER OMITS 5SO/28.0/09hOO 550/24.5110.15 550/21.0/llh15 55O/I1.0/!2hI5 550/IJ.5/1Jh30 550/l0.0/14h30 

PROXINATE ANO ULTlliATE ANALYSIS (AIR DRIEDl 

INHERENT KOISTURE S 6.400 6.600 6.100 6.700 7.100 6.900 

ASH S 28.000 29.100 28.400 29.400 27.800 28.800 

VOLAiILE lIAnER % 22.000 21. 400 21.700 21.600 21.800 21.800 

FIXED CARBOH(BY DIFF) % 43.600 42.900 43.200 42.300 43.300 42.500 

CARBON S 49.740 48.320 48.630 48.020 49.060 48.120 

HYDROGEN % 2.620 2.540 2.490 2.460 2.440 2.4 \0 

NITROGEN ~ 1.440 1.490 1.650 1.840 2.110 2.440 

TOTAL SULPHUR ~ .440 .390 .890 .420 .510 .440 

CARBONATE ( C02 l S 2.130 1.860 1.860 2.130 1.910 2.100 

OXYGEN (BY DIFFJ X 9.230 9.700 9.380 9.030 9.010 8.190 

GROSS CV IU/kg 18.910 18.450 18.670 18.260 18.790 18.520 

SURFACE NO ISTURE ~ 6.410 6.710 6.590 6.540 6.210 6.200 

INHERENT NO ISTURE ~ 6.010 6.180 6.290 6.290 6.680 6.500 

TOTAL If0 I STURE X 12.480 12.950 12.880 12.830 12.890 12.700 

PROXIliATE AND ULTINATE ANALYSIS (AS RECEIVED) 

TOTAL IfOISTORE % 12.480 12.950 12.880 12.830 12.890 12.100 

ASH (BY OIFF) S 26.972 21.119 26.914 27.351 26.510 21.012 

VOL AT ILE IIATTER ~ 20.486 19.856 20.114 20.093 20.349 20. J54 

FIXED CARBON(BY Om) ~ 40.062 40.015 40.032 39.120 40.190 39.933 

CARBON ~ 45.804 45.063 45.251 44.980 45.544 45. J11 

HYDROGEN S 2.J80 2.m 2.318 2.305 2.299 2.286 

NITROGEN ~ 1.341 1.382 1.534 1.112 1.910 2.178 

TOTAL SULPHUR ~ .445 .421 .653 .435 .418 .445 

CARBONATE ( C02 ) ~ 1.983 1.126 1.729 1.981 1.839 I. 961 
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Table H.2: HIGH GRADE COAL 550 MW TESTS (Tuesday, 17th May 1994) 

PARAMETER UNITS 550/28.0/09hOO 550/24,5/10.15 550/2i.O/llhI5 550/l1.0/l2h15 550/lU/lJh30 550/lO.01I4h30 

OXYGEN ~ 8.595 9.000 8.720 8.400 8.410 8.207 

GCVv (AS RECD, BOMB) HJ/kg 11.682 11.196 17.m 11.060 11.619 11.366 

GCYv (DAILY AVERAGE) IU/kg 11.393 17 .393 11.393 11.393 11.393 11.m 

GCVv (BIAS.DAILY AVE) MJ/kg 1U17 17.294 17.413 11. 226 17.506 11.319 

NCYp (CALCed, DULONG) MJ/kg 18.062 17.746 17.809 17.681 11.369 17 .707 

HEAT IN VOLATILES 23.312 21.182 22.339 21.m 22.853 22.232 

CARBON IN DUST .300 .200 .250 .100 .350 .700 

CARBON I N ROUGH ASH .600 .900 .900 .s00 .700 .700 

MEAN CARBON IN ASH .322 .250 .297 .314 .315 .700 

MILLING PLAtIT 

NUMBER OF MILLS I/S 4.000 4.000 4.000 4.000 4.000 4.000 

MILL CONFIGURATION BCDE BCDE BCDE BCDE BCDE BeDE 

PF FINENESS (%<75~11 82.260 82.170 80.200 80.950 81.840 81.060 

IORKING FLUIO CONDITIONS 

REHEATER SPRAY FLOW kg/s 9.445 8.463 1.769 6.423 5.896 5.722 

FEED FLOW (ORIFICE) kg/s 434.948 437 .854 439. I53 439.790 442.199 442.498 

TOTAL FEED FLOW kg/s 444.193 446.317 446.922 446.213 448.095 448.220 

MA III STEAM TEMP. ·c 5140600 m.971 534.600 53U86 m.w 534.443 

REHEAT STEAM TElIP. 'c 535.800 534.760 534.917 m.729 532.771 533.585 

FINAL FEEDW. TEMP. ·c 2J7 .850 2J7 .350 237.J50 2:l7 .350 237.350 231.336 
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Table H.2: HIGH GRADE COAL 550 MW TESTS (Tuesday, 17th May 1994) 

PARANEm OIiITS 550/28.0/09hOO 550/24.5/10.IS 550/21.0/llhlS 550/11.0/12hIS 550/13.S/13h30 SS0/10.0/14hJO 

CONnEl/SIlI PI!RFORIWlCE 

CI INLET TEMP. (T 1) ·C 11.865 13.994 15.300 16.260 16.380 16.380 

Ci OUTLET TEIIP. (T2 ) ·C 27.984 29.933 J1.181 32.027 32.160 31. 996 

CONDEl/SATE TEMP. ·C 29.395 31.002 32.312 33.271 33.616 33.S86 

BACKPRESS. (AVERAGE) kPa 3.273 J.403 3.687 3.814 3.914 4.036 

C, POIIPS lIS (lEST) t 3.000 3.000 3.000 3.000 3.000 3.000 

I!LEC11ICAL Pllillt.iERS 

Ul/lTS GElIERATED Iff 550.160 m.OS3 550.8)5 550.800 550.393 550.291 

OIiIT CONSUMPTION III 22.042 21.986 21.679 21.470 21.377 21.310 

REACTIVE LOAD IIVAR 304.450 214.730 241.030 254,850 239.824 255.070 

lORIS POIER I USO X 4.174 4.163 4.097 4.056 4.041 4.029 

STEP OOTPUT PAltAMETEiS 

EFF. GCVv (BOMB) X 38.640 38.861 38.7J8 39.519 38.549 37.391 

EFF. GCVv (DAILY AVE) X 39 .282 38.421 38.829 38.713 39.050 37.m 

EFf. GCVv{DAILY BIAS) X 38.958 38.640 38.783 39.147 38.798 37.363 

EfF. l/CVp (CALCed) X 37.827 37.655 37.922 38.141 38.009 36.672 

STEP fAcroR X 98.877 99.048 99.080 99.170 99.218 99.209 

TOTAL ACCOUNTED LOSS X 1.123 .952 .920 .829 .782 .191 

UNACCOUNTED LOSSES X .000 .000 .000 .001 .000 .000 

STEP LOSSES 

CARBON IN REFUSE X .213 .134 .156 .160 .209 .319 

DRY fLUE GAS X .141 .075 .092 .029 -.118 -.202 

H 2 I FUEL I/O ISTURE X -.059 -.053 -.038 -.035 -.039 -.037 
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Table H.2: HIGH GRADE COAL 550 MW TESTS (Tuesday, 17th May 1994) 

PAR.AJm'rER OWITS 550/28.0/09bOO 550/24.5/10.15 550121.0/llhl5 550/11.0/12h15 550/ll.5/llh30 550/10.0/14&30 

MAlIf STEAK TEMP. I .010 .026 .010 .018 .030 .014 

REHEAT STEAK TEMP. I ~.019 .006 .002 .007 .053 .034 

CONDENSER BACKPRESS. I .018 ~.026 -.030 -.049 -.035 -.010 

TURB. DETERIORATION % .894 .894 .894 .894 .894 .894 

FINAL FEEDIATER TEMP. % .001 ,014 .016 .016 .015 .015 

WORKS POWER % -.077 -.m -.183 -.211 -.228 -.235 
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18thTable H.3: HIGH GRADE COAL 500 MW TESTS (Wednesday, May 1994) 

PARAJIETER 0IIIT8 500/31.0/l0hOO 500/28.0/llhOO 500/24.0/1JhOO 500119.5/14hOO 500{15. O/l5hOO 5001 I1.0/16hOO 

FLUE GAS ANALYSIS 

02 ECON AVERAGE ~ vol 4.945 4,594 3.960 3.460 2.840 2.007 

02 A/BTR OUTL AVG DRY i vol 6.687 6.267 5.634 5.044 4,348 3.460 

02 ID DISCHARGE AVG ~ vol 7.030 6.613 5.951 5.382 4.638 3.992 

02 ECON DRY i vol 5.023 4.609 3.910 3.361 2.75S 2.149 

02 10 DISCHARGE DRY i vol 7.202 6.77J Ull 5.357 4,515 3.120 

CO2 10 AVG DRY i vol 11.938 12 .335 12 .808 13.365 1J .896 14,848 

C02 (THEORETIC NAX) ~ lass 21.498 27.516 27.451 27.524 27.366 21.447 

C02 (OSTWALD) DRY i vol 12.664 13.073 13.729 14,369 14.993 15.849 

02 (OSTWALD) i vol 8.043 7.626 7.018 6.519 5.851 4.881 

502 ID AVG DRY PPI 344,221 358.020 385.148 418.979 456.517 504.241 

NOI ID AVG DRY PPI 860.044 834.161 110.810 725.018 646.182 531.840 

CO (COOEL) Ava DRY ppi 12.964 25.699 20.214 19.356 43.344 385.J 14 

AIR I FLOE GAS PROPERTIES 

BAROMETRIC PRESSURE .bar 841.310 846.905 845.740 845.440 845.360 845.450 

AMBIENT TEMPERATURE ·C 11.3 10 14.405 16.700 17.430 11.690 17.550 

RELATIVE HUMIDITY i 51.180 44.220 32.395 29.210 28.295 28.485 

OEiPOINi TEMPERATURE 'c -31.010 -30.350 -30.150 -29.389 -29.560 -29.1JO 

FD AIR INLET T.{Tdb) ·C 27.052 29.581 32.316 32.898 32.926 32.954 
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18thTable H.3: HIGH GRADE COAL 500 MW TESTS (Wednesday, May 1994) 

PAlWlETRR UNITS 500/J2.0/l0hOO 500m,0/llhOO 500m,0/l3hOO 500/1U/14hOO 500/15,O/15hOO 500/lLO/l6hOO 

A/lITR GAS OUTLET AVG 'c 123.172 \27,130 130.472 131.685 133.31J 134.896 

NO-LEAK A/fiTR OOTL T. 'c m.857 137.622 141.001 141.641 142.489 142.162 

ORY fLUEGAS IlEAT LOSS iii 68.48J 67.657 65.171 63.058 61.0J5 58.531 

JD OISCHARGE TEW!> AVG 'c 117.224 119.071 122.4JO 124.841 125.955 126.716 

OPACITY ~ 27.700 26.631 24.840 2J .070 21.624 21.0J6 

MOISTURE ATMOSPHERIC kg/s J.957 3.850 3.670 3.528 3.311 3.215 

MOISTURE (COAL) kg/s 9.484 9.405 9.121 9.450 9.276 9.428 

MOISTURE (COMBUSTION) kg/s 15.114 lUOO 15.886 15.893 15.626 16.405 

NO ISTURE (HOPPER) kg/s 4.406 4.416 4.462 4.479 4.435 4.459 

MOISTURE TO fLY-ASH kg/s 2.710 2.663 2.454 2.378 2,580 2.411 

NETT NO ISTURE kgls 30.352 JO .508 JO .686 30.972 JO .128 J1.035 

AIR FLO' A.fOIL TOTAL kgls 547.447 519.131 51t 389 489.527 467.003 44J.6JJ 

AIR FLO' TOTAL kgls 56J .826 548.571 522.7J9 502.510 480.141 457.178 

CORE AIR fLOW kg/s I1.9JO 11.9JO 11. 930 I1.9JO 11. 9JD 11.9JO 

SEAL AIR FLOW kgls 14.628 14.628 14.628 14.628 14.628 14.628 

AIR HTR LEAKAGE kgls 63.202 59.921 57.222 52.292 45.945 35.105 

ESP AIR LEAKAGE kg/s 42.102 J9.718 J5.470 J2,J 19 28.680 25. J10 

COMBUSTION AIR kgls 500.624 488.650 465.5 17 450.218 434.196 422.674 

TJIEORETICAL AIR kgls 410 .546 411.295 408.994 408.554 407.883 410,345 

STOICHIOM. AIR kgls 410 .546 411.295 408.994 408.554 407.883 410.345 

fURNACE LEAKAGE kgls 35.000 J5.000 J5.000 35.000 35.000 35.000 

CALCULATED fURNACE 02 ~ tass 4.165 3.665 2.811 2.142 1.40J .675 

EXCESS AIR kgls 90.078 77.355 56.523 41. 665 26.313 12.328 
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18thTable H.3: HIGH GRADE COAL 500 MW TESTS (Wednesday, May 1994) 

PARAMETER UNITS 500/32.0/lOhOO 500/28.0/llhOO 500/24.0/13hOO 500/19.5/14hOO 500/ls.o/l5hOO 500/l1.0/l6hOO 

ECON GAS (OAF) kg/ s 576.488 564.830 540.910 526.090 509.635 499.354 

FURNACE GAS DRY kg/ s 54l.488 529.830 505.910 491.090 474.635 464. J54 

TOTAL A/HTR GAS(DAF) kg/s 641.190 626.251 599.632 579.881 557.080 535.959 

10 GAS (DAF) kg/s 683. 292 665.968 635.102 612.200 585.760 561.268 

10 GAS (CHEM. ANAL.) kg/s 681.792 664.468 633.601 610.700 584.160 559.769 

ID GAS (BALANCE TECH I kgl s 683.292 665.968 635.102 612.200 585.759 561.266 

VOWIIHTRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION 

THEORETICAL CO2 kg/lOOkg 164.241 164.980 167.971 167.983 165.412 167.332 

BACK-END N2 kg/lOOkg 705.757 686.459 675.388 648.202 615.621 579.410 

BACK-END 02 kg/lOOkg 71.911 65.753 57.203 48.874 39. JI9 30.290 

BACK-END HOI kg/100kg .805 .759 .688 .620 .523 .407 

BACK-END 502 kg/l00kg .688 .696 .735 .765 .789 .821 

BACK-END CO kg/lOOkg .011 .022 .017 .015 .033 .m 

BACK-END CO2 kg/l00kg 163.947 164.701 167.647 167.690 165.086 166.273 

TOTAL GAS kg/lOOkg 943.121 918.390 901.678 866.168 821.572 777.476 

MOLE WASS (Iixture] kJ/bolK 3022.393 3027.077 3031. 690 3038.103 3043.613 3055.581 

COAL QUAHTITY AND QUALITY 

CO AL VOLUME FLOW .3/h 275.298 m.m 272.713 270.028 269.343 270.614 

COAL DENS lTY TON/.] .947 .9S5 .930 .941 .953 .960 

COAL MASS FLOW kg/s 72.450 72.515 70.436 70.679 71.297 72.191 
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18thTable H.3: HIGH GRADE COAL 500 MW TESTS (Wednesday, May 1994) 

PARAMETER UNITS S00/J2.0/l0hOO S00/28.0/llhOO 500/24.0/l3hOO SOO/l9.5/14hOO SOO/15.0/15hOO SOO/I1.0/l6hOO 

PROXIIfATE AHD ULTIMATE AHALYSIS (AIR DRIED I 

INHERENT MOISTURE l 6.100 5.800 S.900 6.100 5.700 S.700 

ASH ~ 30.800 JOJOO 28.700 27.800 29.900 28.300 

VOLATILE MArrER ~ 21.500 21.300 21.600 22.100 21.400 21. 900 

FIXED CARBON(BY DIFF) ~ 41. 600 42.600 4J .800 44.000 43.000 44.100 

CARBON ~ 48.030 48.5S0 50.260 50.420 48.880 50.050 

HYDROGEN ~ 2.550 2.600 2.740 2.740 2.670 2.770 

NITROGEN ~ l.360 1.360 1.280 1.370 1. 280 1.350 

TOTAL SULPHUR ~ .540 .560 .450 .420 1.130 .700 

CARBONATE ( C02 ) ~ 2.330 1. 930 2.)00 2.100 1. 910 1. 950 

OXYGEN (BY DIFF) ~ 8.290 8.900 8.370 9.050 8.470 9.180 

GROSS CV KJ/kg 17.800 18.140 18.760 18.970 18.350 18.820 

SURFACE KOISTURE ~ 7.410 7.580 7.460 7.710 7.720 7.770 

INUERENT MO ISTURE ~ .U80 5.390 5.490 5.660 5.290 5.290 

TOTAL MOISTURE ~ 13.090 12.970 12.950 13.370 lJ.O 10 13 .060 

PROXIMATE AND ULTIMATE AHALYSIS (AS RECEIVED) 

TOTAL MOISTURE S 13.090 12.970 12.950 13 .370 13.010 13.060 

ASH (BY DIFF) l 28.101 21.815 27.210 26.314 21.814 26.701 

VOLATILE NATTER S 19.811 19.593 19.895 20.294 19.656 20.103 

FIXED CARBON(BY DIFF) S 38.998 39.622 39.945 40.022 39.520 40.136 

CARBON ~ 44.824 45.026 45.842 45.845 45.144 45.668 

HYDROGEN J 2.406 2.427 2.493 2.489 2.458 2.503 

NITROGEN ~ 1.253 1.251 1.179 1.258 1.176 1.239 

TOTAL SULPHUR S .540 .549 .498 .484 .810 .612 

CARBONATE ( CO2 J J 2.147 1.775 2.118 1. 928 1.B09 J.19G 
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18thTable H.3: HIGH GRADE COAL 500 MW TESTS (Wednesday, May 1994) 

PARAMETER U1iITS 500!J2.0/IOhOO 500/28.0/llhOO 500124.0/lJhOO 500/l9.5/14hOO SOO/l5.0/I5hOO SOO/l1.0/16hOO 

OXYGEN ~ 1.639 8.181 7.109 8.310 1.780 8.421 

GCVv (AS RECD, BOMB) IIJ/kg 16.415 16.759 17.354 11.50 I 16.928 17.351 

GCVv (DAILY AVERAGE) IIJ/kg 17 .061 17.061 17 .061 11.061 17.061 17.061 

GCVv [BIAS.DAILY AVE) IIJ/kg 16.768 16.910 17.208 11.281 16.994 17.206 

IlCVp [CALCed, DULONG) IIJ/kg 17.754 17 .852 18.206 18.193 11.952 18.161 

HEAT III VOLATILES 19.944 20.044 22.155 22.661 21.041 21. 770 

CARBON IN DUST JOO .100 .200 .200 .200 .600 

CARBOIl IN ROUGH ASH .600 1.500 1.000 .700 .600 .600 

NEAN CARBON IN ASH .m .201 .258 .236 .229 .600 

MILLIKG PLAIiT 

NUMBER Of MILLS I/S 4.000 4.000 4.000 4.000 4.000 4.000 

MILL CONFIGURATION t BCOE BCDE BCDE BCDE BCDE BCDE 

PF FINENESS (1<15111) % 81.760 85.200 8S.190 85.820 84.690 85.090 

WORKING FLUID CONDITIONS 

REHEATER SPRAY FLOW kg/s 8.897 8.013 1.381 7.0 IS 6.066 5.890 

FEED FLOW [ORIFICE) kg/s 398.495 40 U67 40J.083 404.111 405.847 408.054 

TOTAL FEED FLOW kg/s 407.392 409.m 410.470 411.732 411.913 413.944 

NAIll STEAM TEUP. 'c m.029 536.400 535.400 537.500 5J1.500 531.500 

REHEAT STEAM TEIIP. ·c 5J7.500 537.500 5]7.029 531.500 536.557 535.700 

FINAL mow. TEMP. ·c 234.000 233.450 233.450 233.450 2JJ.450 23J.450 
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Tab1 e H. 3 : HIGH GRADE COAL 500 MN TESTS (Wednesday, 18t h May 1994) 

PWNETEl OlIITS 500m.0/IObOO 500/28.0/1Ib00 500/24.0/13h00 500/19.5/14bOO 500/15.0/15bOO 500/11.0/16hOO 

COllDEIlSEl PElfORlANCE 

el INLET TEMP. (Til ·c 12.587 14.384 16.380 16.7J1 16.960 11.080 

Ci OUTLET TEMP. (T2) ·c 21.584 29.444 31.409 31. 618 31.904 31.008 

CONDENSATE TEMP. 'C 21.930 30.161 31.163 32.080 n.m 32.284 

BACKPRllSS. (AVERAGE I kPa 2.889 3.211 3.659 3.129 3.184 3.814 

GI PUMPS liS (WEST) 3.000 3.000 3.000 3.000 3.000 3.000 

ELECTRICAL PWNETElS 

UNITS GEJlERATED 111 505.874 506.139 506.010 506.010 506.070 506.285 

UNIT CONSUMPTION M'I 21.192 21.614 21.421 21.181 20.993 20.841 

REACTIVE LOAD WAR 225.000 226.811 239.910 220.235 194.183 222.660 

WORKS POIER I USO % U02 4,461 4.420 4.368 4.328 4.293 

STEP OUTPUT PAllimRS 

EFF. GCVv (BOMB) % 40.556 39.869 39.643 39.200 40.192 38.7S5 

EFF. GCVv (DAILY AVE) S 39.162 39.163 40.324 40.210 39.811 39.413 

EFF. GCVv(DAILY BIASI S 39.847 39.513 39.981 39.698 40.034 39.081 

EFF. NCVp (CALCed) % 37.634 31.419 J7 .189 37.110 31.898 31.015 

STEP FACTOR S 98.943 99.065 99.140 99.206 99.218 99.150 

TOTAL ACCOUNTED LOSS S \.057 .935 .860 .794 .182 .850 

UNACCOUNTED LOSSES S .000 .000 .000 .000 -.000 .001 

STEP LOSSES 

CARBON IN REFUSE S -.039 -.106 -.034 .063 .075 .303 

DRY nUE GAS S .351 .282 .156 .095 .046 -.093 

H2 &FUEL MOISTURE S -.042 -.038 -.034 -.028 -.021 -.020 
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Table H.3: HIGH GRADE COAL 500 MW TESTS (Wednesday, 18th May 1994) 

PAiAKETER OlIITS 500/32.0/l0hOO 500/28.0I11hOO 500/24.0/13hOO 500/l9.5/14hOO 5001lS.0/15h00 500/l1.0/16hOO 

NAI NSTEAl( TEllP. S -.046 -.032 -.032 -.055 -.055 - .055 

REHEAT STEAM TEllP. S -.060 -.060 - .049 -.060 -.037 -.017 

CONDEHSER BACKPRESS. S -.015 -.009 -.016 -.019 -.019 -.019 

TURB. DETERIORATION S .894 .894 .894 .894 .894 .894 

FINAL FEEDJATER TEMP. S -.012 .004 .003 .003 .003 .004 

IORKS POWER S .020 .001 -.028 -.100 - .105 -.148 
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19thTable H.4: HIGH GRADE COAL 450 MW TESTS (Thursday, May 1994) 

PARAMETER OHITS 4501JJ.0/09h45 450/29.0/10h45 450j25.0/l1h45 450/20.5/12h45 450/l6.5/13b45 450/12.5/15hOO 

FLUE GAS ANALYSIS 

02 ECON AVERAGE l vol 5.354 5.104 4.561 4.024 3.302 2.415 

02 A/HTR OUTL AVG DRY l vol 6.963 6.213 5.866 5.112 4.669 3.644 

02 10 DISCHARGE AVG l vol 1.m 6.979 6.426 5.860 5.208 4.313 

02 ECOIi DRY l vol 6.145 5.094 4.673 3.894 3.m 2.419 

02 10 DISCHARGE DRY l vol 7.646 6.161 6.380 5.615 4.965 4.040 

CO2 10 AVG DRY l vol 11.854 12.418 12.798 13.441 13 .850 14.969 

C02 (THEORETIC MAX) l laSS 27,633 21.664 21.683 21.119 21.161 27.165 

C02 (OSTWALD) DRY l vol 12.343 13.161 13.531 14.260 14.815 15.174 

02 (OSTWALDl l vol 8.209 1.554 1.223 6.556 6.140 4.963 

S02 10 AVG DRY ppi 301.067 344.493 311.146 407.140 454.213 509.317 

HOI fO AVG DRY pp. 820.920 786.758 749.616 101.469 613.096 488.799 

CO (CODa) AVG DRY PPI 16.140 25.551 29.695 51.119 51.341 444 .028 

AIR 1 FLUE GAS PROPERTIES 

BAROMETRIC PRESSURE Ibar 846.590 846.345 845.875 845.180 844.690 844.410 

AMBIENT TEMPERATURE 'c 11. 980 14 .490 15.815 16.760 11.460 11.845 

RELATIVE HUMIDITY l 49.790 39.715 34.440 29.980 28.365 21.56S 

DEiPOINT TEMPERATURE ·C -31.300 -31.430 -30.900 -30.980 -30.650 -30.095 

FD AIR INLET T.(Tdb) ·c 27.612 29.880 3!.S09 31.883 32.791 )).102 
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Table H.4: HIGH GRADE COAL 450 MW TESTS (Thursday, 19th May 1994) 

PWllETER IlfIITS 4SO/33.0/09h45 450/29. O/lOh45 450/25.0/llh45 450/20. 5/12h45 450/16.5/1lh45 450/l2.5/l5hOO 

A/UTR GAS OUTLET AVG ·C 123.729 126.606 128.854 130.828 1JJ,321 136.688 

NO-LEAK A/HTR OUTL T. ·C 129.075 1JJ,596 136.179 138.451 141.517 143.306 

ORY FLUEGAS HliAT LOSS Ni 60,363 58.623 57.944 56.680 55.934 54.339 

10 DISCHARGE TEMP AVG ·C 118.524 118.441 119.351 121. 614 122.173 124.607 

OPACITY ~ 28.061 26.059 23.507 22.097 21.363 20.020 

MOISTURE ATIIOSPHERIC kg/s 1.651 3.451 3.369 3.216 3.095 2.939 

MOISTURE (COAL) kg/s 8.206 8.256 1.974 8.105 7.980 8.158 

MOISTURE (COMBUSTION) kgls 13.912 13.652 13.122 13.614 13.231 13.211 

YO ISTURE (HOPPER I kgls 4.465 4.473 4.436 4.490 4.473 4.477 

MOISTURE TO fLY-ASH kgls 2.440 2.406 2.576 2.326 2.407 2.388 

NETT MOISTURE kgls 27.860 27.426 26.924 27.100 26.312 26.997 

AIR fLOW A.FOIL TOTAL kgls 509.664 487.781 467.241 446.476 430.212 405.855 

AIR FLOW TOTAL kgls 520.876 491JOJ 479.742 457.969 440.594 418.378 

CORE AIR FLOW kg/s 11.930 11. 930 11. 930 11. 930 11. 930 11. 930 

SEAL AIR FLOW kgls 14.628 14.628 14.628 14.628 14 .628 14.628 

AIR HTR LEAKAGE kgls 30.863 37.505 38.141 37.453 38.179 29.m 

ESP A I R LEAKAGE kg/s 41.168 36.162 34.200 JO.540 27.609 24.002 

COMBUSTION AIR kg/s 490.1H3 453.998 441.601 420.516 402.415 389.241 

THEORETICAL AIR kgls 375.690 373.301 372.952 372.521 369.881 373.938 

STOICHlOM. AIR kg/s m.690 313.301 372.952 372.521 369.881 373.938 

FURNACE LEAKAGE kg/s 35.000 35.000 35.000 35.000 35.000 35.000 

CALCULATED fURNACE 02 S laSS 5.401 4.115 3.599 2.642 1.812 .910 

EXCESS AIR kgls . 114.323 80.691 68.649 47.996 32.534 15.303 
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Table H.4: HIGH GRADE COAL 450 MW TESTS (Thursday, 19th May 1994) 

PARAMETER UNITS 450/33. 0/09h4S 450/29. 0/10h45 450/25.0/llh45 450/20.5/l2h45 450/16.5/IJh45 450/12.5/15hOO 

ECON GAS(DAFI kg/s 562.563 526.2t1 513.941 492.913 474.800 462.440 

FURNACE GAS DRY kg/ s 521.563 491.211 418.941 457.913 439.800 421.440 

TOTAL A/HTR GAS(DAf) kg/s 594.926 565.223 55J .583 531.866 514.419 493.077 

10 GAS (DAF) kg/s 636.094 601.384 581.7B3 562.405 542.088 517.079 

10 GAS (CHEM. ANAL.) kg/s 634.594 599.884 586.283 560.905 540.588 515.519 

I D GAS (BALANCE TECH I kg/ s 636.093 601.384 581.182 562.405 542.089 517 .088 

VOLUMETRIC - GRAVIMETRIC BACK-EIlD GAS RECONCILIATION 

THEORET! CAL CO 2 kg/lOOkg 166.611 166.932 165.005 168.179 166.456 167.194 

BACK-EIlD N2 kg/1OOkg 717.223 684.470 661.048 642.83 I 619.269 572 .198 

BACK.-END 02 ig/l00kg 17.923 65.549 59.690 51.014 43.322 32.664 

BACHIlD NOI kg/IOOkg .785 .115 .658 .598 .502 .371 

BACK.-END S02 kg/lOOkg .627 .669 .696 .740 .193 .824 

BACK-END CO kg/lOOkg .015 .022 .024 .041 .039 .314 

BACK-END CO2 kg/l00kg 166.167 166.390 164.681 167.942 166.205 166.443 

TOTAL GAS ig/10Okg 952.139 917.815 886.798 863.166 830.131 772.814 

MOLE MASS (Iiftufe) Who!l 3022. 679 3029.265 3032.944 3040.305 3044.409 3058.795 

COAL QOAllTITY AND QUALITY 

COAL VOLUME fLOW 13/h 243.902 243. J28 240.025 24l.694 240.268 241.034 

COAL DEliS IiY TOll/IJ .915 .969 .994 .970 .978 .999 

COAL IIASS FLOW kg/s 66.071 65.523 66.281 65.156 65.302 66.910 
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19thTable H.4: HIGH GRADE COAL 450 MW TESTS (Thursday, May 1994) 

PARAlETER !I1IITS 450/J3.0/09h45 450/29.0/l0h45 450/25.0/llh45 450/20J/I2h45 450/16.5/llh45 450/l2.5/15hOO 

PROXIMATE AND ULTIllATE ANALYSIS (AIR DRIED) 

INHERENT MOISTURE ~ 6.000 6.300 5.800 6.000 5.900 6.400 

ASH ~ 3D.200 30.000 31.700 29.200 30.100 29.300 

VOLATILE MATTER ~ 21.500 21.300 20.800 21.200 21. 600 21.200 

FIXED CARSONIBY DIFF) ~ 42.300 42.400 41. 700 43.600 42.400 43.100 

CARBON ~ 48.970 49.110 47.900 49.900 48.810 49.500 

HYDROGEN ~ 2,550 2.510 2.490 2.520 2.440 2.J90 

NITROGEN % 1.270 1.200 1.170 1.190 1.200 LIlO 

TOm SULPHUR ~ .540 .410 .380 .440 .520 .490 

CARBONATE ( C02 ] ~ I. 690 2.050 1.830 1.670 2.250 1.660 

OXYGEN (BY DIFF) ~ 8.180 8.420 8.130 9.080 8.780 9. DO 

GROSS CV MJ/ig 18.110 18.130 11.790 18.600 18.270 18.J80 

SURFACE MOISTURE ~ 6.800 6.100 6.590 6.820 6.690 7.110 

INHERENT MOISTURE % 5.620 5,900 5.440 5.620 5,530 5.980 

TOT AL va ISTURE ~ 12. 420 12.600 12.030 12.440 12.220 13.090 

PROXlHATE A/ID ULTIMATE ANALYSIS {AS RECEIVEDI 

TOTAL MOISTURE ~ 12.420 12.600 12.030 12.440 12.220 13.090 

ASH (BY oml % 28.412 28.219 29.322 21.844 28.245 21.563 

VOLATILE MATTER ~ 19.951 19.183 19.350 19.668 20.070 19.597 

FIXED CARBON(BY DIff) ~ 39.217 39.m 39.291 40.048 39.465 39.750 

CARBON ~ 45.413 45.m 45.033 45.899 45.428 45.630 

HYDROGEN % 2.336 2.318 2.31\ 2.321 2.286 2.251 

NITROGEN ~ 1.178 1.11 J 1.088 1.104 I.I1J I. 045 

TOTAL SULPHUR ~ .466 .405 .392 .419 .457 .441 

CARBONATE ( C02 ) ~ 1.568 1.90~ I. 702 1.549 2.091 U3~ 
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19thTable H.4: HIGH GRADE COAL 450 MW TESTS (Thursday, May 1994) 

PARAIIITER UHITS 4S0m.0/09h45 4S0/29.0/10h45 450/25.0/llh45 450/20.5/12h45 450/16.5/1Jh45 450/12.5/mOO 


OXYGEN ~ 8.147 7.820 8.122 8.424 8.158 8.440 


GCVy (AS RECD, BOND) MJ/kg 16.929 16.911 16.613 17.326 17.04) 17 .066 


GCVy (DAILY AVERAGE) MJ/kg 16.981 16.981 16.981 16.981 16.981 16.981 


GCVy (BIAS.DAILY AVE I MJ/kg 16.955 16.946 16.797 17.154 17.012 17 .024 


NCVp (CALCed, DULONG) MJ/kg 17.895 17.894 17.716 18.018 17 .824 17.836 


HEAT IN VOLATILES 21. 654 21.330 20.003 21.825 21.686 21. 227 

CARBON IN DUST .400 .400 .200 .100 .100 .200 

CARBON IN ROUGH ASH 1.100 .600 .500 .100 .400 

MEAN CARBON IN ASH .371 .450 .229 .129 .143 .214 

IfILWIG PLANT 

NUMBER Of MILLS lIS 4.000 4.000 4.000 4.000 4.000 4.000 

MILL CONfIGURATION t BCDE BCDE BCDE BCDE BCDE BCDE 

PF FINENESS (~<75~.J ~ 81.230 85.400 86.020 86.340 86.970 85.870 

lUmMi FLUID CONDITIONS .000 .000 .000 .000 .000 .000 

REHEATER SPRAY fLO' kg/s 8.065 7.540 6.981 5.929 5.7J7 5.451 

FEED FLOY (ORIFICE) kg/s 351.853 354.868 359.254 J59 .881 360.412 365.150 

TOT AL fEED FLOW kg/s 359.918 362.408 366.235 365.810 366.149 371.201 

MAIN STEAM TEMP. ·c 537.800 5J7.800 531.800 537.800 m.800 5J7 .800 

REHEAT STEAli TEIIP. 'c 531.500 537.456 531.500 536.400 m.774 530.100 

fINAL FEEDi. TEMP. ·C 228.150 221.850 221.550 227.550 221.550 221.550 
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19thTable H.4: HIGH GRADE COAL 450 MW TESTS (Thursday, May 1994) 

PillIO!TER UNITS 450/3J.O/09h45 450/29.0/10h45 450/25.0/11h45 450120.5/12h45 450/16.5/l3h45 450/12.5/15hOO 

CONDEISER PERFOKlAHCE 

CI INLET TEMP. (Tl) 'c 12.790 14.502 15.108 16.159 16.589 11.110 

CW OOTm TEMP. (T21 'c 26.306 21.911 29.266 29.804 30.020 30.514 

CONDENSATE TEMP. 'c 26.311 27.512 29.085 29.526 31.222 30.281 

BACKPRESS. (AVERAGE) kPa 2.559 2.878 3.125 3.237 3.294 3.422 

CI PUMPS lIS (lEST) , 3.000 3.000 3.000 3.000 3.000 3.000 

ELECfRICAL PAWETERS 

UHITS GENERATED N'f 449.m 449.010 449.078 449.515 449.418 448.426 

UHIT CONSONPTION n 21.144 21. 090 20.889 20.748 20.510 20.330 

REACTIVE LOAD MVAR 180.030 114.533 112.134 185.565 188.710 180.182 

WORKS POWER / OSO S 4.939 4.928 4.878 4.838 4.782 4.149 

STEP OOTPOT PARAMETERS 

EFF. GCVv (BOMB) S 38.273 38.624 38.885 37.987 38.539 37.490 

EfF. GCYv (DAILY AVE) S 38.155 38.464 38.043 38.757 38.678 31.617 

EfF. GCVv(DAILY BIASI S 38.214 38.544 38.m 3U68 38.608 31.583 

EfF. NCVP (CALCed I S 36.207 36.503 36.464 36.527 36.849 35.871 

STEP fACTOR S 98.722 98.833 98.934 99.113 99.218 98.916 

TOTAL ACCOUllTED LOSS S 1.271 1.166 1.066 .887 .182 1.024 

UNACCOUNTED LOSSES S .001 .000 .000 -.000 -.000 - .000 

STEP LOSSES 

CARBON IN REFUSE S .103 .092 -.050 -.089 -.061 .185 

DRY FLUE GAS S .m .242 .235 .154 .101 .012 

H2 i F'UEL IIOISTURE S -.059 -.042 -.032 -.024 - .015 -.006 
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19thTable H.4: HIGH GRADE COAL 450 MW TESTS (Thursday, May 1994) 

PAUMmR IJIfITS 450/33.0/09h45 45D/29.0/IOh45 450/25.0/11h45 450/20.5/12h45 450/15.5/13h45 450/12.5/15hOO 

MA I H STEAM TEMP. I -.061 -.061 -.061 -.061 -.061 -.061 

REHEAT STEAM TEMP. I -.060 -.059 -.060 -.034 -.091 .103 

CONDENSER BACKPRESS. I -.020 -.019 -.015 -.021 -.019 -.014 

TURB. DETERIORATION I .894 .894 .894 .894 .894 .894 

FINAL FEED lATER TEMP. I -.008 .001 .010 .012 .011 .008 

WORKS POIER I .143 .118 .145 .055 .023 -.096 
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20thTable H.5: HIGH GRADE COAL 400 MW TESTS (Friday, May 1994) 

PARANETER UNITS 400{J1.O/00hOO 400/J2.5/00h50 400/21.5/01h45 400/2U/02h35 400/18.0/03M5 400/14.0/05hOO 

fLUE GAS AJlALYS I S 

02 ECON AVERAGE ~ vol 50500 5.464 5.046 US7 3.838 3.261 

02 A/m. OUTL AVG DRY ~ vol 6.643 6.374 5.804 5.281 4.632 3.807 

02 ID DISCHARGE AVG ~ vol 7.415 1.112 6.585 6.100 5.436 4.862 

02 ECON DRY ~ vol 5.362 4.975 U58 3.m 3.169 2.565 

02 ID DISCHARGE DRY ~ vol 7.387 7.023 6.381 5.746 4.986 4.127 

CO2 JD AVG DRY J YO I 11.957 12.149 12.664 13.153 13.742 14.m 

C02 (THEORETIC MAX) ~ lass 27.613 27.608 27.619 27.125 27.7J9 21.698 

CO2 (OSTWALD) DRY ~ vol 12 .564 12.888 lJ.486 14.125 14.835 15.621 

02 (OSTWALD) ~ vol 8.086 7.875 7.329 6.862 6.240 5.m 

S02 10 AVa DRY ppm 341.353 367.133 410.941 443.314 481.851 504.959 

NOI ID AVG DRY PPI 782.m 755.646 704.374 641.851 554.422 472.904 

CO (CODELI AVG DRY PPI 12.947 5,376 11.395 9.127 28.548 272.252 

AIR. PLUE GAS PROPERTIES 

BAROMETRIC PRESSURE Ibar 845.485 845.120 845.030 844.915 844,990 845.160 

AMBIENT TEMPERATURE ·C 8.310 7.395 7.040 6.650 6.520 6.015 

RELATIVE HUKIOITY ~ 52.220 55.225 55.615 51.070 56.950 60.905 

DEWPOINT TEMPERATURE ·c -31.310 -31.815 -31.940 -31.880 -31.830 -31.950 

fD AIR INLET T. {Tdb 1 ·C 28.406 27.231 27.235 27.0% 25.957 25.232 
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20thTable H.5: HIGH GRADE COAL 400 MW TESTS (Friday, May 1994) 

PAKAllETER DIlTS 400/37.0/00hOO 400/32.5/00h50 400/27.5/01h45 400!2J .5/02h35 400/18.0/03h45 400/14.0/05hOO 

A/lITR GAS OUTLET AVG ·C 121.939 121.561 122.933 126.141 126.887 126.125 

NO-LEAK A/lITR OUTL T. ·c 129.915 130.194 131.633 135.lll 135.501 133.078 

DRY FLUEGAS HEAT LOSS Iff 53.775 53.337 52.210 52.289 51. 04 7 48.277 

10 DISCHARGE TEMP AVG ·C 122.926 120.439 118.984 119.244 120.900 121.038 

OPACITY ~ 26.459 24.879 21. 939 22.243 19.940 19.529 

NOISTURE ATMOSPHERIC kg/s 3.226 3.147 3.022 2.907 2.781 2.651 

MOISTURE (COAL I kg/s 7.558 7.415 7.491 7.582 7.557 7.545 

MOISTURE (COMBUSTION) kg/s 12.870 12.362 12.367 12.144 11.872 12.087 

MOISTURE (HOPPER) kg/s 4.542 4.512 4.536 4.530 4,534 4,543 

MOISTURE TO FLY-ASH kg/s 2.092 2.226 2.117 2.143 2.125 2.085 

HETI MOISTURE kg/s 26.102 25.211 2UOO 25.020 24.619 24.741 

AIR FLOW UOI LTOTAL 19/5 454.599 443.480 427.243 412.320 393.375 312.440 

AIR FLOY TOTAL kg/s 459.353 448.126 430.227 413.784 395.724 J77.165 

CORE AIRfLOW kg/s II. 930 11. 930 11.930 11. 930 11.930 11.930 

SEAL AIR FLOY kg/s 10.971 10.971 10.971 10.971 10.911 10.971 

AIR HTR LEAKAGE kg/s 40.979 42.7J2 41. 025 39.512 36.062 28.395 

ESP AIR LEAKAGE kg/s 40.977 3U65 34,885 3!.594 27.876 24.105 

COMBUSTION AIR kg/s 418.374 405.393 389.202 374.212 359.662 348.770 

THEORETICAL AIR kg/s 340.2SJ 338.225 337.679 336.191 m.m 336.448 

STOICHIOM. AJR (g/s 340.253 338.125 337 .619 336.191 335.211 336.448 

FURNACE LEAKAGE kg/s 35.000 35.000 35.000 35.000 35.000 35.000 

CALCULATED FURNACE 02 ~ laSS 4.323 3.836 3.065 2.352 1.510 .818 

EXCESS AIR kg/s 78.121 67.168 51.523 38.021 24.385 12.321 
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Table H.5: HIGH GRADE COAL 400 MW TESTS (Friday, 20 th May 1994) 

PARAMETER UNITS 400/31.O/00hOO 400/J2,5/00h50 400/27.5/01 n45 400/23.5/02h)5 400/18.O/03h45 400/14. 0/05hOO 

ECOIl GAS(OAF) kg}s 487.278 473.786 457 .583 443.020 428.435 417.754 

FURNACE GAS DRY kg/s 452.278 438.786 422.583 408.020 393.435 382.754 

TOTAL A/lITR GAS (OAF) kg} s 529.757 518.018 500.108 484.091 465.997 447 .648 

10 GAS (OAF) kg/s 570.134 556.583 534.992 515.685 493.813 471.754 

[0 GAS (CHEN. ANAL.) kg/ s 569.234 m.083 533.492 514.185 492.373 470.254 

ID GAS (BALANCE TECH I kg/ s 570.732 556.582 534.991 515.684 493.874 471. 752 

VOLUMETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION 

THEORETICAL CO2 kg/100kg 168.240 166.581 168.044 166.693 167.046 168.353 

RACHIlO N2 kg} 100kg 720.224 703.523 681.954 652.031 626.026 595.070 

BACK-END 02 kg/lOOkg 75.450 69.922 61. 487 52.838 43.930 34.552 

BACK-END HOI kg/lOOkg .750 .705 .636 .m .458 .m 

BACK-END 502 kg/IOOkg .698 .733 .793 .816 .850 .846 

BACK-END CO kg/IOOkg .012 .005 .010 .007 .022 .200 

BACK-END CO2 kg}100kg 167.978 166.360 167.827 166.358 166.523 167.561 

TOTAL GAS kg/lOOkg 965.l11 941.248 912.706 872.604 8J7 .809 798.599 

IIOLE MASS (liIturej kJ/bolK 3023.404 3025.1!5 3030.935 3036.337 3042.857 3052.465 

COAL QUANTITY AND QUALITY 

COAL VOLUME FLO' 13/h 219.408 221.842 221.018 222.354 223.031 223.021 

COAL DENS ITV TON/I) .910 .960 .955 .951 .951 .954 

COAL MASS fLOW kg/s 59.136 59.132 58.616 59.097 58.948 59.072 

H - 31 




20thTable H.5: HIGH GRADE COAL 400 MW TESTS (Friday, May 1994) 

PARAMETEl UNITS 400m.0/00hOO 400/lU/GOh5D 400/27.5/0 IMS 400/23.5/02h35 400/18.0/03b4S 400/ltO/05bOO 

PIOXIMATE AND ULTIMATE ANALYSIS [AIR DRIEDl 

INHERENT MOISTURE l 6.200 UOO 6.200 6.000 6.400 6.300 

ASH l 29.000 30.900 29.600 29.800 29.500 28.900 

VOLATILE MATTER l 21.600 21. 000 21.300 21.500 21.500 21. 900 

fIXEO CARBON(BY Olffl I 43.200 42.300 42.900 42.700 42.600 42.900 

CARBON S 49.810 48.900 49.700 49.030 49.0]0 49.820 

HYDROGEN I 2.630 2.5]0 2.550 2.490 2.4]0 2.470 

NITROGEN l 1.210 1.180 1.190 1.180 L 180 1.170 

TOTAL SULP OOR l .540 .410 .430 .470 .520 .510 

CARBONATE ( C02 I I 1. 650 2.170 2.030 2.290 2.330 2.420 

OXYGEN (BY 0Iff) l 8.960 8.110 8.300 8.740 8.610 8.410 

GROSS CV NJ/kg 18. 530 18.150 18.470 18.320 18.270 18.400 

SURfACE MO ISTURE I 6.980 7.DO 6.990 7.230 6.8]0 6.830 

INHERENT MOISTURE I 5.800 5.410 5.790 5.600 5.990 5.900 

TOTAL I/O mURE I 12.780 12.540 12.780 12.8]0 12.820 12.713 

PROXIMATE AND ULTIMATE ANALYSIS (AS RECEIVEDi 

TOTAL NO ISTURE I 12.780 12.540 12.780 12.83D 12.820 12.77J 

ASH (BY OlfF) I 27.506 28.655 27.926 21.648 27.596 27.389 

VOLA'f ILE MA1iER I 19.999 19.417 19.720 19.853 19.938 20.300 

fIXED CARBON(BY 0IFF) I 39.715 ]9.388 39.514 39.668 39.646 39.538 

CARBON I 45.915 45.463 45.862 45.493 45.590 45.946 

HYDROGEN I 2.382 2.m 2.345 2.314 2.292 1.310 

NITROGEN I 1.120 1.091 1.102 1.090 1.094 1.085 

TOTAL SULP HUR I .412 .412 .421 .439 .463 .459 

CARBONATE ( CO2 I I 1.528 2.006 1.879 2.m 2.161 2.24J 
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Table H.5: HIGH GRADE COAL 400 MW TESTS (Friday, 20th May 1994) 

PARAlCETER UlIITS 400/J7.0/0DhOO 4DDI32.5/00n50 400/27.5/01h45 400/2J.5/02h35 400/18.0/03n45 400/l4.0/05hOO 

OXYGEN ~ 8.296 7.499 7.684 8.071 7.984 7.796 

GCVv (AS RECD I BONB) MJ/kg 17.2JO 16.851 17.174 16.989 17 .017 17.129 

GCVv (DAILY AVERAGE) IIJ/kg 17.065 17 .065 17.065 17.065 17.065 17.065 

GCVv (BIAS. DAILY AVE) MJ/kg 17.148 16.m 17.120 17.027 17.041 17. 097 

NCVp (CALCed, DULONG) WJ/kg 18.096 17.883 18.027 17.866 17.m 18.017 

HEAT IN VOLATILES 22.047 20.950 22.070 21.032 21.206 21.935 

CARBON IN DUST .100 .100 .100 .300 .400 .400 

CARBON I N ROUGH ASH 1.500 1.000 .900 1.000 .900 

MEAN CARBON IN ASH .201 .165 .158 .278 .443 .436 

MILLING PLANT 

NUMBER OF MILLS liS 3.000 3.000 3.000 3.000 3.000 3.000 

MILL CONfIGURATION BCD BCD BCD BCD BCD BCD 

PF FINENESS (~<75~.) 79.970 75.570 81.590 81.260 80.230 83.350 

IORKING fLUID CONDITJOIIS 

REHEATER SPRAY FLOW kg/s 6.421 6.454 6.373 6.380 6.m 6. J89 

FEED FLO' (ORifiCE) kg/s J2J .82) 322.931 320.359 321.218 326.079 324.495 

TOTAL FEED FLOW kg/s no.244 J29.385 326.132 327.658 332.411 JJO.884 

lIA I N STEAl( TEIIP. ·c 538.324 538.400 538.400 m.m SJ7 .800 533.139 

REHEAT STEAl! TEMP. ·c 535.000 53J.576 531.800 528.881 121.088 515.135 

FINAL FEED'. TEJ(P. ·c 222.050 222.040 222.050 222.050 222.27.\ 222.008 
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20 thTable H.5: HIGH GRADE COAL 400 MW TESTS (Friday, May 1994) 

PARAMETER OIIlTS 400/37 .0/00hOO 400/J2.5/00h50 400/21.510Ih45 400/23.5/02h35 400/18.0/03h45 400/14.0/05bOO 

CONDENSER PERFORMAHCE 

Ci INLET TEMP. (TI) ·c 13.085 12.391 12.509 11.969 11.158 10.m 

C' OUTLET TEMP. (T2) ·c 25.101 24.380 24,482 24.003 23.264 22.438 

CONDENSATE TEMP. ·C 25.150 24,366 24.420 24.096 23.346 22.623 

BACKPRESS. (AVERAGE) lPa 2.291 2.113 2.204 2.112 1.990 1.863 

CI PUMPS lIS (fEST] 3.000 lOOO J.OOO 3.000 3.000 1000 

ELECTRICAL PARAMETERS 

UNITS GENERATED iii 399.564 401.843 401.843 400.286 400.188 400.lS2 

UNIT CONSUMPTION III 17 .540 11.m 11.438 11.280 17.164 11.086 

REACTIVE LOAD MVAR 212.530 215.400 224.859 2J4 .196 234.196 229.895 

WORKS POWER / USO I 4.591 4,562 4,536 U12 4,481 4,460 

STEP OIJl'PUT PARAMETERS 

EFF. Gm (BOMB) I 37 .493 38.568 38.185 38.148 38.183 31.858 

EFF. GCVv (DAILY AVE) I 31.855 38.085 38.430 31.918 38.016 38.000 

m. GCVv(DAILY BIAS) I 31.613 38.315 38.301 38.063 38.129 31.929 

EFF. NCVp (CALCed) I 35.699 36.J43 36.318 36.215 36.m 35.991 

STEP FACTOR I 99.001 99.094 99.200 99.211 99.193 99.005 

TOTAL ACCOUNTED LOSS I .993 .906 .800 .182 .801 .995 

UNACCOUNTED LOSSES I .000 .O~O .000 .001 .001 .000 

STEP LOSSES 

CmON IN REfUSE I .131 .043 .043 .073 .118 .350 

DRY FLOE GAS I .381 .341 .231 .118 -.013 -.lIS 

H2 I fUEL MOISTURE I -.032 -.025 -.023 -.015 -.021 -.020 
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Table H.5: HIGH GRADE COAL 400 MW TESTS (Friday, 20 th May 1994) 

eARAMETER vms 400/37.0/00hOO 400/JU/OOh50 400/27.5/01h4S 400/23.S/02h35 400/l8.0/03h45 400/J4.0/05hOO 

NAIll STEAlI TEMP. % -.071 -.072 -.072 - .061 -.061 -.068 

REHEAT STEAlI TEMP. % .000 .034 ,077 .147 .334 .417 

COIlOENSER BACKPRESS, ~ -.034 - ,039 -.036 -.046 -.071 -,094 

TURB. DETERIORATION ~ .894 ,894 ,894 .894 ,894 .894 

FINAL FEEDWATER TEMP. % .024 ,033 ,on ,027 .018 .028 

WORKS POWER % -.299 -,3G8 -,141 -,415 -,451 -,457 
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APPENDIX I: STEP PROORAM CUSTOMISATION 

1.1 INTRODUCTION 

The purpose of these notes is to give a brief summary of the 

background and philosophy applicable to the STEP system as well as 

identified shortcomings and methods adopted to address these. 

STEP is the abbreviation for Station Thermal Efficiency Performance 

program that basically comprises a mathematical model of the power 

station and the generating units within. The system was developed in 

Great Britain for the then Central Electricity Generating Board (CEGB) 

and was introduced into ESKOM in the early 1970's to optimise 

efficiency by reducing energy losses as far as possible. At the time, 

efficiencies were typically abOut 27%, due in part to the vintage of 

the plant design and in cases poor operating and maintenance 

practises. 

1.2 PHILOSOPHY ON TARGETS AND CORRECTION FACTORS 

The decision to construct a power generating plant of a specific 

rating depends on the projected growth in demand for electricity and 

the availability of sufficient quantities of water and fuel of 

suitable quality. 
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1.2.1 Design considerations, criteria and constraints: 

The overall cycle efficiency is generally set by the steam conditions 

specified to conform to the design standard adopted. Scientific and 

engineering principles form the basis of the design, against a 

background of economics, for example, according to Laws of 

Thermodynamics: 

Energy cannot be created or destroyed but only converted from one 


form to another. 


Heat machines can only operate where some heat is rejected to a 


sink. 


Available Technology and Plant characteristics: 

- Temperatures, pressures and mass flows. 

- Configuration of plant, i.e., number of turbine cylinders, drum 

or Benson type boiler, etc. 

- Cooling methods for the condenser, generator stator and rotor etc. 

- Feed pump type and configuration. 

- Mill type and configuration. 

- Design efficiencies of components (fans, pumps, motors and heat 

exchangers). 

It is thus accepted that the Rankine cycle process will reject heat to 

atmosphere via flue gas, cooling towers and radiation. In addition, 

the plant will use some electricity within itself, lose water and 

have an impact on the environment. These losses vary in magnitude 
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primarily relative to load, and the STEP system makes it possible to 

ste appropriate targets. 

In view of the above, the normal output energy of the modern power 

plants in ESKOM is about 36% of the input. The question is whether 

this output ratio is optimum or not for given circumstances and 

whether the Station has control over any adverse condition or not. 

It is clear that a certain magnitude of loss is inevitable, therefore 

a target must be set for this, such that when controllable conditions 

deviate from the optimum, a STEP loss equal to (Actual - Target) may 

be calculated and corrective action taken as soon as possible. 

1.2.2 Controllable factors: 

Factors that affect the output or efficiency of the plant but can be 

corrected by: 

I.2.2.1 Immediate intervention by the operator, control system and 

other automatic responses to ensure: 

Combustion air flow kept at optimum (affects Flue Gas, Carbon in 

Ash and Works Power Losses). 

- Batching of coal qualities, i.e. kept constant in a range enabling 

optimising 	of the unit for that specific range of quality. 

- Coal reclaimed from driest patches in the coal stockyard. 

- Boiler balance (Fan and mill bias). 
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Flows and temperatures controlled to an even temperature profile 

and heat transfer per component as per design, avoid cycling of mills 

/ fans / feedwater. 

Correct Steam Temperature and Reheater Spray water settings 

(working fluid mass flow rate). 

Possible washing of LP turbine last stage blades avoided i.e. 

isentropic deterioration due to too low Reheat Steam Temperature 

and/or condenser back pressure. 

- Boiler pressure correct (working fluid mass flow rate). 

- Optimum number of CW pumps in service (Cooling water mass flow rate 

and condenser back pressure optimised against Works power). 

Water/steam loss reduced (closed drain valves, tight gland seals, 

etc.). 

- HP/1P cylinder by-passes shut. 

Water chemical quality controlled (silica deposits avoided in 

turbine, boiler heat transfer not adversely affected). 

- Prevention of unnecessary usage of EFP's, wrong mill combinations, 

unnecessary running of unloaded conveyors, etc. (Works power 

reduction). 

- Unit Board voltages controlled at maximum. 

- Equalised sharing of reactive load amongst units. 

Reduction in lost start-up heat due to unnecessary (forced) outages 

/ starts minimised. 

1.2.2.2 Routines, maintenance and optimisation actions to get plant 

up to spec. by: 
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Effective and selective sootblowing (air heater, economiser, 

furnace, front, then rear gas pass, air heater). 

Minimising air in-leakages (inspection doors, ash hopper seal 

etc.) 

Setting air heater seals for minimum leakage and ensuring packs 

clear of obstruction. 

Optiulising mill performance (for ball tube mills especially the 

grinding media level and size distribution, trunnion division plate 

settings, boiler balancing). 

- Ensuring even PA/Pf distribution to burners. 

- Evaluating PF fineness test results and exercise corrective actions 

(classifier vane settings, etc.). 

- Correct burner swirl generator settings. 

- Undamaged burners. 

- Damper stroke checking. 

- Ensuring casing/ducting free of leaks and clear of obstructions. 

Reducing water/steam loss by repairing leaks, passing valves. 

- Demineralised water consumption testing. 

- Feed heater effectiveness testing. 

- Condenser tube cleanliness. 

- Boiler Feed Pump condenser cleaning. 

- Condenser vacuum decay testing. 

- Turbine cylinder and control valve maintenance (cleaning deposits). 

- Cleaning CW system (screens and water boxes). 

- Cooling Tower spray nozzle cleaning, etc. 
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- Having production planned for optimum load and minimised shutdowns 

(cold reserve, etc.). 

- Regular mass meter and other instrument calibration. 

Ensuring measuring point representativeness. 

- Accurate coal accounting and regular coal stock surveys, etc. 

1.2.2.3 Refurbishment when necessary of: Air heater packs, turbine 

blading, condenser tubing, mill liners, etc. 

1.2.2.4 Identification of possible enhancement and design 

modifications e.g.: Sliding pressure control, changing heat transfer 

areas, alternative fuel, etc. 

1.2.3 Uncontrollable factors: 

Some factors impacting on the plant are deemed not to be within 

control of the Station. These are generally Transmission System 

related and/or external or environmental aspects. To isolate the 

parameters which can be controlled by the Station (indicated by the 

STEP losses), the Target Efficiency needs to be corrected for these as 

well as for the effects of the target losses, such as: 

Load demand (assuming that Trading and Bidding strategy of the 

Station to compete for load as well as the availability of plant has 

no effect). 

- Reactive power demand. 
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It is assumed that there is no control over the following: The 

availability of sufficient quantity of coal, and coal quality 

different from design (volatile and ash content, CV, total 

moisture) 

Atmospheric conditions worse than design (cooling water inlet 

temperature (assuming cooling tower performance fixed), air inlet 

temperature, relative humidity). 

- Availability of a sufficient quantity of raw water (drought periods 

affecting load). 

- More stringent emission limits than designed for (affecting load). 

- Start-up heat following essential planned outages. 

1.3 STEP SYSTEM ATTRIBUTES 

1.3.1 Sliding targets: 

Any component of plant is designed for a specific output that should 

be achievable under given circumstances (load, ambient conditions 

etc.). In practice, conditions deviate from design due to atmospheric 

or other factors and to determine whether the plant performs at its 

best for those conditions, the design value is corrected for the 

variance in conditions to set a Target and the Actual compared against 

that. 

1.3.2 Reconciliation of Direct and Indirect sides: 

Although the targets are derived from separate boiler and turbine 

design and/or acceptance data, the method forces evaluation of the 
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overall energy conversion cycle. This approach ensures increased 

accuracy due the proper analysis of results in explaining the 

unaccounted STEP loss. This method is therefore superior to others 

that simply accept values indicated by the indirect (or losses) 

method. 

1.3.3 Historical data, trends, and overall station indicators: 

The system lends itself to storing of statistics for reporting 

purposes. It also facilitates easy analysis of operational data even 

if it may be suspect in terms of absolute values due to the exposing 

of trends. It also enables the summation of unit data to arrive at a 

single Station Performance Indicator and other supporting station data 

that in its turn enables comparison of differently rated Power 

Stations at a corporate level. 

1.4 THE STEP MECHANISM 

The ratio of actual to target efficiency is called the STEP factor and 

is an indication of how well the unit has performed under given 

circumstances. A poor STEP factor should coincide with a high STEP 

loss that is the cue for corrective action. If none of the STEP losses 

are large but the unaccounted loss is, this is an indication of a 

measurement or calculation error. See Figure 1.1 for a diagrammatic 

representation. 
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Correction factors and targets are typically calculated by 

substituting a parameter (often load %) into a polynomial equation. 

These polynomial equations are of the 4th degree and to prevent 

unnecessary complexity, the values of coefficients are not shown in 

this document. 

In order to clarify concepts underlying the mechanism, the following 

is a breakdown of basic formulae as it was used in STEP prior to the 

modifications that are explained within the body of this document. 

1.4.1 STEP factor formulae: 

STEP factor = Actual efficiency / Target efficiency 


Actual efficiency = (Energy Sent Out) / (Coal Burnt x CV) 


Target efficiency = Inverse of (Optimum Heat rate x Correction 


factors). 


The purpose of the correction factors is to adjust the optimum for the 

deviation of conditions from ideal (design). The expression "heat 

rate" is the inverse of efficiency and this convention is used in some 

calculations in STEP. 

Optimum Heat rate = the heat rate attainable under ideal (design) 

conditions. Boiler load Correction factor: The boiler is physically 

dimensioned for full load and therefore the the dynamics for heat 

transfer by radiation and convection as well as excess air 
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requirement for optimum combustion varies greatly with load and so 

does the accompanying efficiency. 

Turbine load Correction factor: Turbine stage inlet/exhaust blade 

angles are designed for a specific rate of mass flow. When mass flow 

varies due to change in load, steam velocities and angles deviate from 

design and this result in a loss of isentropic efficiency. The 

partial closing of control valves also results in a throttling loss. 

The turbine is therefore less efficient on loads below design load, 

which is normally full load. 

Boiler Fuel Correction factor: When boiler fuel deviates from design 

(normally getting worse), it implies increased materials handling 

(coal, air, ash), poorer combustion etc., and the overall performance 

of the unit is thus greatly influenced by the fuel quality (confirmed 

by EPRI research(34». 

Condenser Back pressure Correction factor: Cycle efficiency is largely 

affected by condenser Back pressure and the target efficiency must 

therefore be corrected for variations in target Back pressure, which 

in turn is affected by CW inlet temperature and load. The convention 

is to assume CW flow to be constant at design. 

Power Factor Correction factor: The transmission system requires 

reactive power for voltage control purposes and this demand impacts on 

the 12R heat loss of the generator. 
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Works Power Correction factor: The Works Power consumption of a unit 

(in MW) has a large fixed component and therefore the Works Power as a 

percentage of energy sent out increases sharply towards lower loads, 

impacting negatively on the overall efficiency. 

Demineralised Water Make-up Correction factor: As with Works Power 

loss, the absolute heat loss due to water/steam leaks is rather 

constant for various loads due to constant temperature and pressure in 

the cycle and therefore this loss as a percentage of energy sent out 

increases sharply towards lower loads, impacting negatively on the 

overall efficiency. 

1.4.2 Total Accounted STEP losses: 

Total accounted STEP losses = Total Boiler + Total Turbine + Unit 

STEP losses. 

STEP loss (in general) = Actual loss - target loss 

Actual loss = energy loss / input energy x 100 

Target loss = Minimum loss (the loss @ ma~imum efficiency) corrected 

for deviation of conditions from ideal (design). 

Where the parameter is not energy but a pressure or temperature, the 

difference between actual and target is directly related to a STEP 
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loss percentage by means of a polynomial equation. 

Total Boiler STEP losses = Carbon in refuse + Dry Flue Gas + Fuel 

Moisture + Mill Rejects + Radiation STEP losses. 

There is no Mill rejects loss associated with tube mills and therefore 

this loss is not considered. Also, since radiation is not measured due 

to it being assumed a constant value, the actual loss equals the 

target loss and the STEP loss in this case is therefore constant on 

zero. 

Step Factor Carbon in Refuse Loss = Actual - Target Carbon in Refuse 

Loss. 

Actual = (Ash x Carbon in Ash) I (100 - Carbon in Ash) x 


CV of Carboni CV of Coal. 


Target = f(Load) from polynomial x Ash I Ashstd X CVStd I CV 


of Coal. where: 


Ash = Ash % in coal. 


Carbon in Ash = Mean % Carbon in refuse. 


CV of Coal = CV of Coal as received. 


Step Factor Dry Flue Gas Loss = Actual - Target Dry Flue Gas Loss 
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Actual = dfg x Cp x (Gas Outlet T - Air Inlet T) x 100 / (CV of 


Coal x 1000), where: 


dfg = dfc/100 x «CarbOntotal - cu) + Sulphur/1.83) 


dfc = (11 x C02 + 8 X 02 + 7 x (100 (02+C02)) / (3 x C02) 


CU =Ash x Carbon in Ash / (100 - Carbon in Ash), 


cp = Specific Heat of Flue Gas 


Gas Outlet T =Mean Air heater Gas Outlet Temperature. 


Air Inlet T =Mean FO Fan Air Inlet Temperature 


C02 = Mean Air heater Outlet C02 % 


02 = Mean Air heater Gas Outlet 02 % 


Carbontotai =Total Carbon % in Coal 


Sulphur =Sulphur % in Coal 


Target = f{Load) from polynomial x (CarbOntotal Cu + 


Sulphur/1.83) /{Std CarbOntotal tcu + Sulphurstd/1.83) x 


CVStd/CV of Coal, where: 


tcu = (Target Carbon in Ash Loss X CVstd/(Ash / Ashstd x CVStd 


/ CV of Coal x CV of Carbon) 


Std Carbontotai = total Carbon % in Standard Fuel 


Sulphurstd =Sulphur % in Standard Fuel 


CVStd = CV of Standard Fuel 


Radiation Loss = Radiation Loss Constant / (Load x f(load) from 

polynomial) 
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Step Factor H2 And Fuel Moisture Loss = Actual - Target H2 and Fuel 

Moisture Loss 

Actual = ((Total Moisture + (9 x H2)) 1 CV of Coal) x (H2 Loss 

constant A +(((Gas Outlet T/2)-(Air Inlet T)/H2 Loss constant 

B)), where: 

Total Moisture = Total Moisture % in Coal 

H2 = Hydrogen % in Coal 

H2 = [KH1 + 100 1 (100 - Total Moisture) x [(KH2 x CV of Coal) 

+ (KH3 x Volatiles) + (KH4 x Ash)]] x 1/(100 1 (100 - Total 

Moisture) ) 

Target = f(Load) from polynomial + Correction Factor 

Correction Factor =Target H2 + H20 in Fuel Correction Factor 

= Heat Loss per kg Moisture In Gas x ((Total Moisture + 9 x 

H2)/CV of Coal - (Moiststd + 9 x Std H2)/CVStd) 

ivloists t d = Moisture % in Standard Fue I 

Std H2 = Hydrogen % in Standard Fuel 

Total Turbine STEP losses = Main steam + Reheat steam + Final Feed 

Water Temperature + Condenser Back pressure + Turbine Deterioration 

STEP losses. 

These losses are not calculated as a percentage of the energy. The 

variance of temperature or pressure from target is referred back to a 

polynomial which relates it directly to a STEP loss. The turbine 
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deterioration loss is obtained from the most recent turbine cylinder 

efficiency test which is referred back to the original acceptance test 

efficiency. 

Unit STEP losses = Works Power (WP) + Demineralised Water Make-up STEP 

losses. 

STEP 	 factor Works Power loss =Actual WP % of usa - WP Target % of usa 

WP Target =minimum WP % x f(load) from polynomial 

STEP factor make-up loss = (Actual - Target Make-Up Loss) x Make-Up 

Heat Ratio (0.00817) 

Actual = (1 - (Make-Up Heat Ratio x Make-Up % of Water Evaporated 


@ MCR» I (1- Make-Up Heat Ratio) 


Target = Make-Up % of Water Evaporated @ MCR x f(load) from 


polynomial x Make-Up Correction Factor, where: 


Make-Up Correction Factor = (1 - Make-Up Heat Ratio x Make-Up % 


of Water Evaporated @ MCR) I (1- Make-Up Heat Ratio x Make-Up % 


of Water Evaporated @ MCR x f(load) from polynomial) 


I.4.3 Unaccounted STEP loss: 

Unaccounted STEP loss = 100 % - STEP factor (direct) - Total accounted 

losses 

I - 16 



1.4.4 STEP factor (indirect); 

STEP factor (indirect) = 100% - Total accounted losses 

1.5 STEP SYSTEM SHORTCOMINGS 

1.5.1 Average of targets vs. target of averages: 

The off-line STEP system calculates the averages for relevant 

parameters (load from energy sent out during the operating hours 

recorded). Due to the most prominent targets being a function of load 

and forming a polynomial curve rather than a straight line, it follows 

that where a unit operates n~re often at either full load or at 

approximately 60% load, the daily target will be derived incorrectly 

from the average load (close to 80%). An on-line system will 

eliminate this particular shortcoming by calculating targets 

continuously and the periodical value will then be calculated as the 

average of the targets as opposed to the target based on the average 

load as with the off-line system. 

1.5.2 On-line Coal and Ash analysis: 

One of the biggest drawbacks is the delay of up to four days for 

analyses of coal and ash. This prevents STEP from being available in 

time for immediate corrective actions. The solution would be to 

I - 17 




implement on-line coal and ash analysers. 

I. 5.3 STEP is not modelling (mass/energy balance): 

Although it is the ideal to have a mass / energy balance calculated 

for a plant, this is not practical due to the amount of data which 

must be handled simultaneously on a real time basis per time unit 

including storage for history purposes. On a Pareto basis, STEP 

produces practical results that can be used for optimising whilst it 

requires the bare minimum of input data. There is however scope with 

current technology for automation, thereby increasing the number of 

input parameters and enhancing the quality of results and also the 

timeousness thereof. 

1.6 CUSTOMISATION OF THE STEP SYSTEM 

1.6.1 Discrepancies: 

At Lethabo the following discrepancies existed from commissioning and 

since it was not clear what corrective actions were indicated, these 

were included in the reasons for performance testing: 

Dry Flue Gas (Dfg) and Carbon in Ash STEP losses never showed the 

"see-saw" effect of countering each other. 

- Dfg showed a too high loss at low loads. 
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- A seasonal trend in the Ofg where the loss was higher during winter 

times. 

Works Power loss was always high and only during the Unit 1 tests 

in 1994 with the High grade coal, did the STEP loss calculate normal 

(actual compared to "old" target), proving that coal quality impacts 

on works power consumption if only due to reduced milling power. 

I.6.2 Modifications: 

The Unit 1 test data, which evaluated the whole unit (and not only 

the boiler or turbine separately), were used to update and modify 

the STEP targets. These test results indicated optimum efficiencies 

over a range of loads (100 % to 60 %) for three different coal 

qualities. Some important points to note are the following: 

- The values of the different parameters from the tests used for the 

calculation of polynomials were not the lowest but occurred where the 

unit yielded the best efficiency for a specific air flow per load, 

i.e. for each loss target that loss value that coincided with the 

lowest combined total loss. 

Parameters used to derive equations for STEP targets were taken 

from Spec. coal tests at the above optimum points. 

In general, STEP loss = Actual loss Target loss. Since the 

unit was assumed to be operating at its maximum possible performance 

at the Spec. optima points using Spec. coal, the calculated STEP loss 

is set equal to zero and therefore the Target loss = Actual loss. 
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Since the Target formula = polynomial x correction factor, it follows 

that the polynomial = actual/correction factor. The equations and 

correction factors were then calculated such that the average STEP 

loss tended towards zero for the 15 optimum points with the Spec. coal 

as first priority (see Figure 6.34). 

Tests were conducted between full load and approximately 60% load 

since this represents the normal operating range. For the calculation 

of polynomials, values outside of the range has been estimated to 

expand to-the full range. 

New inputs required from the ultimate coal analysis: 

Total Carbon (excluding Carbonates) 

Hydrogen 

Oxygen in coal (by difference) 

Nitrogen 

Carbonates 

New inputs required from plant measurements: 

CO in Flue Gas (optional for very accurate calculations) 

Air heater Outlet 02 

The CV of coal would then be calculated by the STEP program (see 

motivations and calculation in Appendix A.8) 

The Heat in Volatiles would also be calculated as follows: 

HIV = (CV - Carbonfixed/100 x CVcarbon)/CV X 100 
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Standard Fuel Qualities: 

CV of Standard Fuel MJ/kg 15.659 

Moisture in Standard Fuel % 9.300 

Ash in Standard Fuel % 40.301 

Volatile content in Standard Fuel % 17.363 

Carbon in Standard Fuel % 38.474 

Hydrogen In Standard Fuel % 2.398 

Sulphur in Standard Fuel % 0.550 

The above differ from previous values obtained during the Acceptance 

test and are based on the average of the Spec. coal used in the Unit 

1 tests (May 1994) corrected to a Total Moisture of 9.3 % 

(corresponding to a 2 year average of STEP data). 

Radiation Loss: The previous formula was replaced by: 

f(Load) from a polynomial 

Target Carbon in Refuse Loss: The previous formula was replaced by: 

(Ash x Target C in Ash)/(lOO-Target C in Ash) x CVcarbon/CV X 

Volatiles adjustment factor x Volatiles Weighting Factor, where: 

Target C in Ash = f(Load) from a polynomial 

Volatiles adjustment factor = f(volatiles) from a polynomial 

Volatiles Weighting Factor =1.1 
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Actual Dry Flue Gas Loss: The previous formula was replaced by: 

«100/23.15 x (31.999/12.011 X (Ctotal Ash x C in 

Ash/l00)+7.936 x H2- 02 coal+0.998 x S»)/100 x (1 + 02 econ x 

3199.9/3050 / (23.15- 02 econ x 3199.9/3050) + «Ctotal - Ash x 

C in Ash/IOO -(CO(ppm)/IOOOO x 28.01/30.5 x 56.021/24.022 X 

Ctotal X 87.998/56.021» + S + N2 + Carbonates)/IOO) x 0.9902 x 

(Tno-leak A/HTR outlet - TpDinlet) / (CV x 1000) x 100 

Tno-leak A/HTR outlet = (3199.9/3050 x (02 A/HTR - 02 econ) 

/(23.15 - 3199.9/3050 x 02 A/HTR») x «TA/HTR outlet - TPDinlet) 

X 1.004 /cp)+TA/HTR outlet 

Target Dry Flue Gas Loss: The previous formula was replaced by: 

«100/23.15 x (31.999/12.011 x (Ctotal - Ash x Target C in 

Ash/100) + 7.936 x H2 - 02 coal + 0.998 x S»/100 x (1 + Target 

02 econ x Target 02 adjustment factor x 3199.9/3050 / (23.15­

Target 02 econ x Target 02 adjustment factor x 3199.9/3050» + 

« Ctotal - Ash x Target C in Ash/100 - (CO(ppm)/10000 x 

28.01/30.5 x 56.021/24.022 x Ctotal x 87.998/56.021») + S + N2 

+ Carbonates)/100) x 0.9902 x (Target Tno-Ieak A/HTR outlet ­

TPDinlet)/(CV X 1000) x 100 

Target C in Ash = f(Load) from a polynomial 


Target 02 econ: = f(Load) from a polynomial 
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Target Tna-leak A/HTR outlet =f(Load) from a polynomial 

Target 02 adjustment factor = (1 weighting factor x (1 -

Volatilesstd / Volatiles» x (1 - weighting factor x (1 - Std 

Ctatalf) ) 

Volatiles weighting factor = 1.5 

Carbon weighting factor = 1 

Target H2 and Fuel Moisture Loss: The previous formula was replaced 

by: (moisture + 9 x H2) / cv x (H2 loss constant A + (Target 

Tout/2 - TFDinlet) / H2 loss constant B) 

Target Works Power: The previous formula was replaced by: 

Minimum WP x f(Load) from a polynomial x CV adjustment factor 

CV adjustment factor = (1 - weighting factor x (1 - CVstd/CV» 

CV weighting factor = 0.63 

Target Heat Rate (HR): The previous formula was replaced by: 

HRopt x Radiation correction factor (cf) x Boiler load cf x 

Boi ler Fuel cf x Power factor cf x WP cf x BP cf x 

Turbine load 

Optimum sent out heat rate = 2.729 (efficiency = 36.65 %) 

Note regarding the Optimum Sent Out Heat Rate: 

Even with Turbine deterioration excluded for all units, 

back-calculations from the derived unit STEP factors indicated 

that the next best unit would not exceed the STEP factor of Unit 
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1, resulting in unit STEP factors exceeding 100 %. 

Radiation Correction factor (new item): 

(100 + Radiation loss %) 1 (100 + Spec. radiation loss % @ 90 % 

load) 

Spec. Radiation Loss @ 90% load =0.841 

Boiler Load Correction Factor = f(Load) from a polynomial 

Boiler Fuel Correction Factor: The previous formula was replaced by: 

(1 - weighting factor x (1 - CVstd/CV» X {1 - weighting factor x 

(1 - Volatilesstd/Volatiles» x HIV cf 

CV weighting factor =0.327 

Volatiles weighting factor = 0.0438 

HIV cf (new item) = (HIV - 26.032)/362 + 1.00459 


Heat in Volatiles (standard) = 26.032 


Works Power Correction Factor: The previous formula was replaced by: 

(100 + WP target)/(100 + WPstd loss @ 90 % load) 

WPstd loss @ 90 % load = 4.401 

Turbine Load Correction Factor: The previous formula was replaced 

by: f{Load) from a polynomial 
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1.6.3 Fine tuning of the process: 

To ensure integrity of the unaccounted loss, for any sliding of the 

target for a specific loss, correcting of the Optimum heat rate must 

also be done. 

Optimum heat rate and minimum loss should slide for an 

uncontrollable factor but not for a controllable factor (Appendix 

1.2.2 and I.2.3). 

Due to the interrelated nature of the losses it is necessary to 

evaluate the targets and correction factors as a package and in 

sequence starting with the most independent parameters. 

Methodology to determine the Correction Factors: 

In order to determine/calculate the targets, the following methodology 

was followed: the 90 sets of data were put into a spreadsheet and 

STEP parameters calculated in order to facilitate simultaneous graphic 

evaluation of results of all tests. This was a five-tier process 

where the spreadsheets advanced from Revision (Rev.) A to E. 

Revision A: 

With the Optimum Sent Out Efficiency set at the original 38.24%, the 

average unaccounted STEP loss of the 15 optimum tests was 4.989%. It 

was thus clear that the original Optimum Sent Out Efficiency was not 

realistic and had to be re-evaluated in view of efficiencies 

calculated from the tests. 
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In order for the average unaccounted loss to be zero, the Optimum 

Efficiency had to be set at 36.318%. 

The Optimum Efficiency was then set at 36.648% which was in close 

correspondence to the efficiency calculated by means of the direct 

side gas balance technique for the Spec. grade 550 MW test (as 

explained in Chapter 6.1). This was also confirmed by using 1996 STEP 

history to back-calculate ensuring that no unrealistic gains would 

arise with the Optimum Efficiency set as above. The above was done 

with the average unaccounted loss at 0.894% in order to establish what 

the efficiency would be in the case where the Turbine Deterioration is 

reset to zero following turbine maintenance and reblading, from the 

0.894% at the time of testing. At this point, the average total 

Accounted STEP loss for the 15 optimum points was 0.782% (= Turbine 

deterioration). 

Revision B: 

- The criteria for determining equations and correction factors were 

that for all loads and coal qualities at the 15 optima, the STEP 

factors, total accounted and unaccounted loss must be equal and the 

STEP loss zero (except for turbine deterioration). This was done by 

profiling Carbon in Ash, Oxygen (economiser), Gas outlet temperatures 

and carbon content of coal in a coherent manner by first getting the 

total accounted loss of individual tests to 0.782%. Thereafter the 

individual unaccounted losses were changed to zero by adjusting coal 

flow via density depending on trends with moisture and efficiencies as 

calculated by the back-end gas balance technique (Chapter 6.1). The 
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resultant STEP factors were calculated as 99.218%. 

The contribution of the Boiler Fuel Correction Factor, and Actual 

and Target efficiencies did not converge at this point, i.e. seemed 

lacking of yet another correction factor. 

Revisions C, D and E: 

With individual test STEP factors equal to 99.218%, the total 

accounted loss equal to 0.782% and the unaccounted loss equal to 0 at 

the 15 optima, the accounted losses of the remaining tests were 

profiled according to original calculated efficiencies, again by 

adjusting the previous parameters in a coherent manner. (The 

justification for this "profiling" comes from trending individual 

parameters against the large sets of related data). 

- The "missing" correction factor was found to be satisfied by a Heat 

in Volatiles factor that correlated to the trend of moisture versus 

density with up to 82%. 

In the process of minimising the variance between maximum and minimum 

values of unaccounted loss, the various components of the Boiler Fuel 

correction factor were determined as well as the weighting factors 

thereof. The final step was to trim the Heat in Volatiles factor by 

considering the following questions: 

Should 02 be included in active volatiles, 


Is the Carbontotal : H2 or Carbonfix : Vo!atilestotal important? 
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The conclusion was that for Lethabo coal, Carbonfix : Volatilestotal 

is most prominent to characterise Lethabo coal (see Figures 6.29 to 

6.33, Chapter 6.4). 
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APPENDIX J: EVALUATION OF MILL PERFORMANCE 


SECTION 1: 

PRE-TEST MILL OPTIMISATION 

PF FINENESS TESTS AT 28 kg/s PRIMARY AIR FLOW 

MILLS A, B, C, D and E 

DRIVE and NON-DRIVE ENDS 
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•PRE AIRFLOW MILL TEST$HEET ',. 

DATE: 13/04/94 MILL: VI A 

GENERATOR LOAD 617 !\:lW 
DE NDE 

PAFLOW 27.890 27.890 Kgfsec 
FEEDER SPEED 35.660 35.680 0/0 
CLASSIFIER OurLET TEMP 79.750 79.750 °C 
BYPASS DAt\1PER POS 21.290 21.300 0/0 

SAMPLE MOIS11JRE 
SAMPLE WEIGHT 

DE SAMPLE 
RETAIN GRAMS 45.49 
RETAINED % 
PASSING % 

NDE SAMPLE 
RETAIN GRAMS 54.46 
RETAINED % 5.747 
PASSING % 99.229 95.134 89.387 79.159 

DE PASSING %, 
NDE PASSING % 99.229 79.159 
TARGET 99 70 

U1 A-MILL 

105.000 =======;-:-:-:-:====:-:-::-::-:=====-1 
100.000 
95.000 
90.000 §~~~~~~~~~~~ 

-+-DE PASSING %85.000 ~~~~~~~~~~ 
80.000 ~~~~~~~;;~~7::- -(J-NDE PASSING % 

75.000 ~~~~~~~~~~~~~~~~~~ -Ir-TARGET 
70.000 ~~~~~~~~~~~~~~~~~~ 
65.000 ~~~~~~~~~~~~~~~§~~ 
60.000 F.:-:.:-~~-:-;":';:~~~~-:-;":';:~~~~~S';';:';'::'~~ 
55.000 E..i..i."-~~~~~~,-,-,-,-,,,,-,-=~:.:..=~~~=~"-'='-'-'-" 

+ JOO IJm +150 jJm + 105jJm + 75jJm 
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"~.~ ................' ... '.' .· .. PRE AIRFLOW MILLTESTSHEET" '''''./.. ......,......... > 


DATE: 

GENERATOR LOAD 

PAFLOW 

FEEDER SPEED 
CLASSIFIER OUTLET TEMP 
BYPASS DAMPER POS 
SAMPLE MOIS1lJRE 
SAMPLE WEIGHT 

DE 
RETAIN GRAMS 
RETAINED % 
PASSING % 

NDE 
RETAIN GRAMS 
RETAINED % 
PASSING % 

DE PASSING % 
NDE PASSING % 
TARGET 

+ 300 J.lm 

13/04/94 	 MILL: 

618 !\IW 

DE NDE 

27.930 27.930 Kg/sec 
36.420 36.<100 0/0 

81.700 82.230 °C 

20.8lO 20.750 % 


3.560 2.890 0/0 

809.930 752.720 igr 

+ 300 J.lItl +150 J.lItl + 10511lh 
0.04 2.44 3.8l 

0.067 4.087 6.382 
99.933 95.846 89.464 

+ 300 J,Un +150,rut + 105 J,Un 

0.12 1.29 2.6 
0.216 2.325 4.686 

99.784 97.459 92.773 
+300,mt +150 J1lh + 105 J.Ull 

99.933 95.846 89.464 
99.784 	 97.459 92.773 

99 90.5 81.5 

U1 	B-MILL 

+150 J,Im + 105 J.lm 

tTl B 

+75J.l1tl - 75 J.U11 SAMPLE 
6.65 46.76 59.70 

11.l39 78.325 
78.325 

+ 75 J,Un -75 J1lh SAMPLE 
5.62 45.86 55.49 

10.128 82.646 
82.646 

+75J1lh 
78.325 
82.646 

70 

-+-- DE PASSING % 
-m- NDE PASSING % 

-'-TARGET 

+ 75J.1m 
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..................... '.. . PRE' AIRFLOW MILL TEST.SHEET ....> ................. »» 

DATE: 

GENERATOR LOAD 

PAFLOW 
FEEDER SPEED 
CLASSIFIER OUTLET TEMP 
BYPASS DAMPER POS 
SAMPLE MOISTURE 
SAMPLE WEIGIIT 

DE 
RETAIN GRAMS 
RETAINED % 
PASSING % 

NDE 
RETAIN GRAMS 
RETAINED % 
PASSING % 

DE PASSING % 
NDE PASSING % 
TARGET 

+ 300 IJm 

13/04/94 MILL: 

571 MW 
DE NDE 
28.060 28.060 Kg/sec 
35.610 36.120 % 
82.370 80.130 °C 
20.120 20.930 % 

4.180 3.620 % 
519.260 661.090 Igr 

+ 300 JUll +150 JUtl + 105 JUtl 
0.01 0.53 1.4 

0.019 1.013 2.676 
99.981 98.968 96.292 

+300 JUn +150 JlDl + 105 J.Un 
0.38 1.86 2.9 

0.704 3.444 5.370 
99.296 95.852 90.481. 

+300 pin +150JUll + 105 JUll 
99.981 98.968 96.292 
99.296 95.852 90.481 

99 90.5 81.5 

U1 C-MILL 

+150 IJm + 105 IJm 

Ul C 

+75JUtl -75 JUtl SAMPLE 
4.73 45.65 52.32 

9.041 87.252 
87.252 

+75JlDl - 75 JllD SAMPLE 
5.36 43.5 54.00 

9.926 80.556 
80.556 

+75JlDl 
87.252 
80.556 

70 

-+- DE PASSING % I 
-D-NDE PASSING % i 

-..fr-TARGET 

+ 75IJm 
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... 

. PRE AIRFLOW MILL TESTSHEET ....... / 


DATE: U/04/94 MILL: U1 D 

GENERATOR LOAD 618 MW 
DE NDE 

PAFLOW 28.050 28.050 Kg/sec 
FEEDER SPEED 39.470 39.610 0/0 

CLASSIFIER OlJfLET TEMP 78.470 76.550 °C 
BYPASS DAMPER POS 20.330 20.150 0/0 

SAMPLE MOISlURE 4.240 3.830 % 
SAMPLE WEIGHT 800.860 710.09 gr 

DE +300 pm +150 pm + 105 pm +75 pm 
RETAIN GRAMS 0.61 2.64 3.33 5.9 
RETAINED % 1.150 4.977 6.278 11.124 
PASSING % 98.850 93.873 87.594 76.471 

NDE +300 JOn +150 pm + 105,an1 +75 JUl1 
0.42 2.16 3.07 5.63ERAMSED% 0.819 4.212 5.987 10.979 

% 99.181 94.969 88.982 78.003 
+300 pm +150 pm + 105 pm +75 pm 

DE PASSING % 98.850 93.873 87.594 76.471 
NDE PASSING % 99.181 94.969 88.982 78.003 
TARGET 99 90.5 81.5 70 

U1 O-MILL 

+ 300 IJm 

......... ............> ..., ..............
..}....... , 

- 75 pm SAMPLE 
40.56 53.04 
76.471 

-75 pm SAMPLE 
40 51.28 

78.003 
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........<>< .PREAIRFLOWMILLTESTsHEET« .• · ..................................'...... «
..::;:.:.... .. ... '.: .. ' ... ' .... .......... ...... ... .. .. . ...... <. . . .•. :." .... 


DATE: 13/04/94 MILL: Vl E 

GENERATOR LOAD 618 MW 
DE NDE 

PAFLOW 28.000 28.000 Kg/sec 
FEEDER SPEED 35.960 39.340 0/0 
CLASSIFIER OUfLET TEMP 80.220 79.200 °c 
BYPASS DAMPER POS 20.560 20.810 % 
SAMPLE MOIS1URE 3.840 3.470 % 
SAMPLE WEIGHT 632.480 803.240 gr 

DE + 300 J.Ul1 +150 JUn + 105 J.Ul1 + 75 JUn - 75 J.Ul1 SAMPLE 
RETAIN GRAMS 0.29 1.83 2.95 6.36 40.97 52.40 
RETAINED % 0.553 3.492 5.630 12.137 78.187 
PASSING % 99.447 95.954 90.324 78.187 

NDE +300}I1ll +150 JUU + 105 pill + 75f11!l -75 JUU SAMPLE 
RETAIN GRAMS 0.46 2.07 3.02 6.43 44.13 56.11 
RETAINED % 0.820 3.689 5.382 11.460 78.649 
PASSING % 99.180 95.491 90.109 78.649 

+ 300 J.Ul1 +150 J.Ul1 + 105 JUll +75JUll 
DE PASSING % 99.447 95.954 90.324 78.187 
NDE PASSING % 99.180 95.491 90.109 78.649 
TARGET 99 90.5 81.5 70 

U1 E-MILL 

105.000 
;:::::::;::::::;:::::~~::~:;:: :::::::::::;::; :::::::::::~~~~~~;;~~;~~~~~

100.000 ................................................................. 


-+-- DE PASSING % 

-m- NDE PASSING %~~E !'!'!~:il'illimil'~ilil~al~!f 
-6-TARGET 

70'000 ~~~~~~~E~~g~~~31~1111113g11111111~1111~11~1.:::;:: :::":111:1!~s.l' 

65'000 :;;;;~~;~;i;;;;;;;;;i;;i;;:::::::::::: ;~.;~ ~;.;;;~~;;; ~;;;i;;;; 


60'000 :::::::::11:: :::::::: i~ii~ii~1i~iiii;;;~~~~~~~~~~~~~~i;i~~~~~::::: 


55:000 111ii111111111111;;1;111~1::::: ::::: 11111111111!11g1i11g11111111gi 

+ 300 IJm +1501Jm + 105 IJffi + 75IJm 
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APPENDIX J: EVALUATION OF MILL PERFORMANCE (continued) 

SECTION 2: 


PRE-TEST MILL OPTIMISATION 


PF FINENESS TESTS AT 24 - 32 kg/s PRIMARY AIR FLOW 


D MILL 


DRIVE and NON-DRIVE ENDS 
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. .... . ... .. . ........... 
..... PRE AIRFLOW MILL TEST SHEET •.•.•...• 

DATE: 20/04/94 MILL: I-D 

GENERATOR LOAD 612 MW 
DE NDE 

PAFLOW 24.010 24.010 Kg/sec 
FEEDER SPEED 28.350 28.510 % 
CLASSIFIER OUTLET TEMP 90.560 85.740 °c 
BYPASS DAMPER POS 39.650 39.380 % 
SAMPLE WEIGHT 431.750 415.930 gr 

DE +300 J.Ull +150J.Ull + 105 J.Ull +75J.Ull -75 JUll SAMPLE I 

RETAIN GRAMS 0.03 0.55 1.73 5.42 50049 58.22 
RETAlNED% 0.052 0.945 2.971 9.310 86.723 I 

PASSING % 99.948 99.004 96.032 86.723 
NDE + 300 JUll +150 JUll + 105 JUll +75J.Ull - 75 J.Ull SAMPLE 

RETAIN GRAMS 0.02 0.57 1.87 5.27 48.31 56.04 
RETAINED % 0.036 1.017 3.337 9.404 86.206 
PASSING % 99.964 98.947 95.610 86.206 

+ 300 JUll +150 f.Ul1 + 105 lUll + 75 pm 

DE PASSING 0/0 99.948 99.004 96.032 86.723 
NDE PASSING % 99.964 98.947 95.610 86.206 
TARGET 99 90.5 81.5 70 

U1 D-MILL 

105.000 
~~~ ~ ~: ~ ~:~ ~:~ ~ ~~: ~ ~:~~: ~ ~1 ~ ~ ~~ ~~ ~ ~~ ~ ~~~ ~~ ~~ ~ ~ ~~ ~ g~ ~ ~~ ~ ~~ ~ ~~~ ~ ~~ ~ ~~~ ~~ ~ ~: 


1~~.~~~ ~::~ ~ ~:::::::;::=,:;::;;;;;;::::::::::::::: ~~;;;~; ;;;;~; ~ ;;~ ;~;;;: 

90' 000 t~ ~~ ~ ~~ ~~~ ~~ ~ ~" :::::: ~~~:;~:~~::~:;~::~:~~~~~~~~~. 


. t~ :::~:;:: ::::;:~~:::;~~:~: ~~~~~~~~:~~~i:::::::~~~:::::~ 

85.000 __ .. __ .. _.. ___ .._.... _.. _.. ____ ...... _.. ~:::::::::::::::::::: -+-DE PASSING % 
80.000 :::::::::::::::::::::::::::::::::::::::::::::.. :::::::;:: ":,, ::: 

--w- NDE PASSING % I75.000 E~ ~~~ ~ ~~ ~ ~~ ~ ~:: ~ ~~:::::~ ~~~::: ~:~ ~: ~~ ~~ ~~ ~ ~~ ~ ~ ~ ~ ~ ~ ~~ ~ ~~ ~ ~~ ~ ~ ~ ~ ~ ~~ I 
---"'-TARGETt~ ~::::,,::~ :::::::::: ::::::::::~ ~: ~~ ~~~~~;;~ ~;; ;~; ~; ~~ ~ ~;~ ~ ~ ~; ~ ~ 

70.000 ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
65 000 :: :::::::: :::::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::::­
60:000 ~~ ~~~ ~ ~: ~ ~~~ ~ ~~ ~ ~~ ~ ~~~ ~~~~: ~ ~~~ ~g ~~~ ~~ ~ ~~ ~§§ §~ ~ §§~ § § §§ §§§§ §~§ §§~ §§~ ~ §§ ~ §. 
55.000 ~~ ~~~ ~ ~ ~~~::::: ~~~ §~: ::::: :: :: ~§ §§ §§§ § § § § § § § § § §!! § § § § § §§ § § § §§ §§ § §§:: § §§ 

+ 300 IJm +150 IJm + 105IJm + 75IJm 

J - 8 




· . . ..... :::-... ::::::p.RE·····<AI·::·RF·· . ··MI···L·:·O···W· ···L··L·:T··E··S·T··· S··H·E·ET·::.<:.:.::: .. 
i·::::::::······· .:-.:-: ... ::.:..:: ..... : ..... : .:.: .. : .. : .... :.: .. : ... : : ....:: 

DATE: 20/04/94 MILL: I-D 

GENERATOR LOAD 587 MW 
DE NDE 

PAFLOW 26.130 26.130 Kg/sec 
FEEDER SPEED 34.080 33.950 % 
CLASSIFIER OUTLET TEMP Sl.4lO 79.220 °C 
BYPASS DAMPER POS 27.750 27.470 0/0 
SAMPLE WEIGHT 608.530 579.360 gr 

DE +300 JUD +150,.U1I + 105 JUD +75JUD -75 JUD SAMPLE 
RETAIN GRAMS 0.21 1.61 2.91 6.8 45.43 56.96 
RETAINED % 0.369 2.827 5.109 11.938 79.758 
PASSING % 99.631 96.805 91.696 79.758 

NDE + JOO JUtl +15O!U!l + 105plD +75JUtl -75 JUtl SAMPLE 
IRETAIN GRAMS 0.06 0.77 2.39 5.53 49.19 57.94 
RETAINED % 0.104 1.329 4.125 9.544 84.898 
PASSING % 99.896 98.567 94.443 84.898 

+ 300 JUtl +150 JUtl + 105 JUtl +75JUtl 
DE PASSING % 99.631 96.805 91.696 79.758 
NDE PASSING % 99.896 98.567 94.443 84.898 
TARGET 99 90.5 81.5 70 

U10-MILL 

105.000 

100.00095.000 'B~~~i!1EfR!~~fmm~!!ftm!mmJmmJmmH 
90.000 

-.-DE PASSING %85.000 
80.000 -G-NDE PASSING % 

75.000 -6-TARGET I 
70.000 
65.000 ~..o.=-:..;~~~..o.=-:..;~~~..o.=-:..; 

60.000 E-:-:-:-:~~-:-:-:-:~~~-:-:-:-:~~~~~~~-:-:-:-::-:-:-:-:~:-:-: 

55.000 t:..:..:.:.;.:..:.;:.:..:..:.===-::.;===:.::.=:.:..:..:.==~:..:..:.:.=.::..:>..:..::..:.::..:.;== 

+ 300 ~m +150 IJIll + 105 ~m +75~m 

J - 9 




..•.•••.•....'> ..• >·············PRlrAIRFLOWMlttTEst~fI~Er·.·••• ±±LLj~>·... L· •••• 


DATE: 20/04/94 	 MILL: I-D 

GENERATOR LOAD 585 MW 
DE NDE 

PAFLOW 27.980 27.980 Kglsec 
FEEDER SPEED 37.970 38.160 % 
CLASSIFIER OUfLET TEMP 77.150 75.420 °C 
BYPASS DAMPER POS 20.650 20.430 % 
SAMPLE WEIGHT 724.500 607.120 19r 

DE + 300 p.m +150 p.m + 105 p.m +75p.m - 75 p.m SAMPLE 
RETAIN GR.AlvIS 0.76 2.85 4 8.61 46.39 62.61 
RETAINED % 1.214 4.552 6.389 13.752 74.094 
PASSING % 98.786 94.234 87.845 74.094 

NDE + 300 p.m +150 JUn + 105 JUlI +75p.m - 75 p.m SAMPLE 
RET AlN GRAMS 0.06 1 2.34 5.5 50.96 59.86 
RETAINED % 0.100 1.671 3.909 9.188 85.132 
PASSING % 99.900 98.229 94.320 85.132 

+ 3OO .lUll +150 J!I1l. +105~ +75~ 

DE PASSING % 98.786 94.234 87.845 74.094 
NDE PASSING 0,'0 99.900 98.229 94.320 85.132 
TARGET 99 90.5 81.5 70 

U10-MILL 

105.000 
E55~§§~5 ~ ~ ~~~ ~~ ~ ~~ ~5~ ~§5 ~ !5~ ~! j~~ ~E115E :: 15 i 55 ~ i~~:f ,5i:~ ~i i ~: i 5~ i5i~ 

100.000 	 ................................................ 


:~:~~~ ~~~~~~~~~~~~~~~;;~~~~~~~~~~~~~~~~~~~~~ 
85.000 ~::;:::::::::::,,::::~:~::::~::::~::~~::i~ -+-DE PASSING % 

::::::::::::::::::::::::::::::::::::::~:::::~::::::::::80.000 	 -fJ-NDE PASSING % 
::~i5:::::: ::::::::::::::::::~:::::::: :::::.::::~~~75.000 	 -Ir-TARGET 

~~ ~ ~ i ~5 ~~~ ~:: ~~~i ~i: ~ :~i:::: ~~~ ~~j~ ~~jj i : :~~ ~ j~ ~~~~: ~~~ :~~~j:~i~'10.000 
:::::::::: ~ ~ ~:::::::;::::::::::::::::::: ~~~:::::::::::::::::::::::::265.000 
H~~~~ ~;~ ~;~ ~;: ~~; ~5~~~~ ~~;: 55 ~~: ~i;~L ;~:;i ~ ~i~ ~H~i~ ~;;: ig~: i i 2 
~~~ __ .. ___ ~ ____ .. __ ...... ~ .. ____ ~ _____ w __ ... __ .. ________ ~ ______ .~~~.~~~~_~ ______ •60.000 
::::::::::::::::::::::;:::::::::::::::::::::::::::::::::::::::::::::::::::.:55.000 ...................................................................... 


+ 300 flm +150 flm + 105 flm + 15flm 

J - 10 




. PRE AIRFLOW MILtTEST SHEET< 

DATE: 20/04/94 MILL: I-D 

GENERATOR LOAD I 588 MW 
DE NDE 

PAFLOW 30.130 30.130 Kg/sec 
FEEDER SPEED 42.760 42.950 0/0 

CLASSIFIER OUTLET TEMP 74.850 74.390 °C 
BYPASS DAMPER POS 
SAMPLE WEIGHT 

DE 
RETAIN GRAMS 63.69 
RETAINED % 
PASSING % 

NDE SAMPLE 
RETAIN GRAMS 58.74 
RETAINED % 
PASSING % 

+300 
DE PASSING % 97.880 91.459 

INDE PASSING % 99.779 97.174 
ITARGET 99 90.5 

U10-MILL 

105.000 

100.000 
~ 95.000 
(!I 

90.000 

~ 85.000 -+-DE PASSING % 
~ 80.000 -D-NDE PASSING % en en 75.000 --'-TARGETw z 70.000w z 65.000u:: 

60.000 

55.000 

+ 300 IJm +150 IJffi + 105 IJm + 75IJm 

PARTICLE SIZE (pm) 

J - 11 




..... ... ...... .. ········PREAIRP(OW MILL TEST SHEET ................ 

. . . '....... '::,,<.: ,." .... ..: ....... -,: ,", _.,:. ,', - :":', :.,,', .'-.: ::.:.:-: - : .::' '.: .: .. : :', .>~:.::::>'::" >': 


DATE: 20/04/94 MILL: I-D 

GENERATOR LOAD 585 MW 
DE NDE 

PAFLOW 32.400 32.400 Kg/sec 
FEEDER SPEED 45.790 45.990 % 
CLASSIFIER OUTLET TEMP 73.970 73.610 °C 
BYPASS DAMPER POS 0.000 
SAMPLE WEIGHT 

DE SAMPLE 
RETAIN GRAMS 59.80 
RETAINED % 
PASSING % 

NDE SAMPLE 
RETAIN GRAMS 54.88 
RETAINED % 78.918 
PASSING % 

DE PASSING % 

NDE PASSING % 96.811 91.563 

TARGET 90.5 81.5 

U10-MILL 

105.000 

100.000 
';P 95.000 
C) 
z 90.000
r;; 
rn 85.000 -m-NDE PASSING % 
0( 
a. 80.000 -'-TARGET 
rn 
rn 75.000 -+- DE PASSING % w z 70.000w 
;!; 65.000II.. 

60.000 

55.000 

+ 300 IJm +150 IJm + 105IJm + 75IJm 

PARTICLE SIZE (J-Im) 

J - 12 




APPENDIX J: EVALUATION OF MILL PERFORMANCE (continued) 

SECTION 3: 


MAIN AIR FLOW OPTIMISATION TESTS 


PF SAMPLING AT ACTUAL TEST PRIMARY AIR FLOWS 


D MILL 


NON-DRIVE END ONLY 


J - 13 




___...____________ 1-_.___._ ._J~ILL TE:ST D~T~------J___..__._J_-______ 
, I , I ' I

I I ! . i I.........- .......--.....--..-.-..-. -' .........r" ....-- .... ---....,-........-_..... ....... .., .... -.. --' .....l .... - ... - ........ - .. -., ..- .. - --.- --..---,..- ..._--.-._. 

, I I , : I 

=====~=..-===--r==~~=~j·== •.~~.=·~-i ·-=~~=_=~I=-=~=~~=~=~=J=~::~=~==t=:==

UNIT: 1 __.._J __._..... ___ ..JMILL: D_.L_.___ .. ___ .LTEST No: L 630: 20.0: 14hOO 

! I i I ! ! 
.·---···--·····-----···-~=1==__=~=~-=~==~=-=~ -T··~==-t--==-+--=

I i I I I . 
---·-NDE------ + 300 JUtI +150 J.lIn + 105 JUtI + 75 JUtI - 75 JUtI SAMPLE 
RETAINED GRAMS 0.12 157 5.65 14.75 63.89 78.64 
RETAINED % 0.153 1.996 7.185 18.756 81.244 
PASSING % 99.847 98.004 92.815 81.244 18.756 

, .-------- ------ -----------1"------..­
~T·-=~:·~==~t~-~~:~-.·==..~---...-....-.. -- .. 

__._____..1.__....__.. 

_.._____.. __Jq~f! .I?~!~., 
I , I 

I ~
I 

PASSING % 
TARGET 

T._-+­

U10-MILL 

105.000 

100.00095.000 ~~~~~~~~$~illJ~JEm!ill4]]m~~ 
90.000 
85.000 1-. PASSING % I
80.000 

I-o-TARGET
75.000 
70.000 

65.000 
60.000 
55.000 

+ 300 IJm +150 IJm + 105IJm + 75IJm 

J - 14 



I iMILL TEST DATA I I .----.---.-.--.. --r--...- .. ---i.-.... . ...... I ... .., ---······-~--t-·'--·-"--·--·'T----" 
I I j • I 

-----.-- -.... ; . -.-.--.............·····1-·-··· .-..... -.-.... ~. .----... _.""_.____."".1 ....•••.•..•---. ---.-.[- --.--.--,--'.---_.­
i I I I ,----.---..----------...-,--------..,--.----. -·---F------·--~··-----·-r-----I-----

I I I . ,1
UNiT:1-==~~~=--=·C~~~~~__:_~~~=]MiLL:D=_:_[=~_==iTEsTNo:L630:17.5 :15h30 

==~=--==--=---l-=~=---=~=-=~-~--=l:.==-i~-==-~=_t·~--
i I 

.75pm 
RETAINED GRAMS I 0·11 1.641 6.431 19.241 61.1 71 80.41 
RETAINED % 0.124 2.0401 7.997 23.927 76.07:? 
PASSING % 99.876 97.9601 92.003 76.073 23.92~ 

-~~---,-------"-

iGRAPH DATA 

+300 pm +150 pJU +105 pm +75~1 
PASSING % 99.876 97.960 92.003 76.073 

.. ·---·-··i--·--··---_.
TARGET 99 90.5 81.5 70 

! 
J --1-· 


U10·MILL 

105.000 

100.000 ~ii'E$~~~~tmtmggg~~~mt~ 
95.000 
90.000 
85.000 

-.- PASSING % I80.000 
-G-TARGET175.000 

70.000 
65.000 
60.000 
55.000 

+ 300 IJm +150 IJm + 105 fJm + 75IJm 

J - 15 




------

~--·"------··----------------------I---------- _t~IL~Tt;ST _C?ATl----------.J-------+--~-
-------- .----------.-------~ ----- ----- ------------------- ------------ --- ---1.---------------r----~--
I· I i I 

-------------------------\-----------,---------------------~----l----------------- ..-i..--..-------+- I 

UNiT:1-~------C~ !MliI-:-D-!-~-------~fEST-No~C630--::15-h-6h30 
.. ------------ 1-------------;'--------------1 ! =± 

----------------------[--·---------f-- I·--------t-- t- --­
!--- -------t-----1--- ----l----~-··----- i --- I 
-------_._-­

NDE +300 JUU +150 JUU + 105 JUU + 75J1.1ll_ -75~ SAMPLE 
RETAINED GRAMS 0.07 1.13 4.01 10.64 47.2 57.84 
RETAlNED% 0_121 1.954 6.933 18.396 81.604 
PASSING % 99.879 98.046 93.067 81.604 18.396 

! ! I 
.--~---..-~-~--

----,----~..•--.~.. ­
! 

~---------_J=----=~~-==t~~~~--~=-= _________________________--1 G~H DATA 

~----..----- ­

PASSING °/.. 

TARGET 

--------!._­

U1 O-MILL 

105.000 

100.000 ~~¥?:;;;;~~~mt~~~~~E:~~ 
95.000 
90.000 
85.000 -+- PASSING % 
80.000 -O-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 ,::::::,:: -::::::::::.::::::::::-:::::::::: -::::::::::: -:::::::::: 

+ 300 JJm +150 JJm + 105 JJm + 75 JJm 

J - 16 




NDE SAMPLE 
RETAINED GRAMS 85.23 
RETAINED Ofo 0.1641 2.0651 7.2511 21.1661 78.834 

IPASSING Ofo 99.8361 97.9351 92.7491 78.8341 21.1661~=='_~=' 

....-".--.-.. ...-.--.. -.~-~...­~ 

PASSING Ofo 
TARGET 

U1D-MILL 

105.000 .. u ................... ' .................................... ,_ •• , ... , 


; 95.000 ~~;lliim~~~~~~~millillummmmm~mm 
iii 

~ 85.000 t::::::::: ::::::::::::::::::::: ~:;;;::::::::::::::: ~;.:.:: ::::: 1 -.-PASSING % 

Q. ---D-TARGET 
~ 75.000 t::::::: ::::: :::::::::::::::::: :::: :::: ::: ::::::::::: :~;.;.::::: ::1 
w 
z 
~ 65.000 t::::: ::: ::::::: ::: ::::::: ::::::::::::::: ::: :::: ::::::: ::: ::::::::: 1 

Ii: 


55.000 F" '" '''' 'i0'";:';:';:''' 0:::;: Or 0: 0: 0 0 0' 0 Or' 0 0 0 0:;:; 0 i 0:;:; 0:: 0 o. 
+ 300 I-lm +150 I-lm + 1051-lm + 75 1-lm 

PARTICLE S~ (IJm) 

J - 17 




IMILL TEST OAI~ 

-_._--.--------_.- -­

IUNIT: 1 lMILL: 0 ~_~_____.__~ __ lTEST No : L 630 :10 :18h45 

--~ ----_._----­
NDE +JOO ,.un +150,.un + 105 ,.un + 75 plll. - 7S~ 1 SAMPLE 

RETAINED GRAMS 0.13 1.76 6.78 22.97 62.831 85.8 
RETAINED % 0.152 2.051 7.902 26.772 73.228 
PASSING % 99.848 97.949 92.098 73.228 26.772 

-~-----....._-" 

.--.-~----~-..-- ­

PASSING % 
TARGET 

----.---.--------- ---..---.... j.---------+---..--------,--..----.---+..---------+------1-!----- ­
---~-

U1 D-MILL 

105.000 

100.000 ~~~~~~~~~~==~~~±~ 
95.000 
90.000 
85.000 

-.-PASSING % I80.000 
-Q-TARGET75.000 

70.000 
65.000 
60.000 

55_000 


+ 300 !-1m +150 !-1m + 105 !-1m + 75 !-1m 

J - 18 




---

i 	 i•MILL TeST OAT ~ 
_____0, 

i 
I I 

iUNIT-=- 1 _._. MILL'O iTEST No . L 630 . 7.5 . 20hOO-

-~....------- ­
NDE +300 J.Un +150 J.UD + 105 pm + 75 J.Ull -75 J.UD SAMPLE 

RETAINED GRAMS 0.1 1.66 5.51 14.74 65.4 80.14 
RETAINED 0/0 0.125 2.071 6.875 18.393 81.607 .------. 
PASSING % 99.875 97.929 93.125 81:607 18.393 

,-_. 

If!R;\PH DATA._---­
! . 

+ 300 J.UD +150 J.UD + 105 J.UD +75J.UD 
PASSING % 99.875 97.929 93.125 81.607 
TARGET 99 90.5 81.5 70 

I 

I 
I 

U10-MILL 

105.000 .................................................................. 

1 00.000 	 :~::::; ;;;;;; ;::: ~~~ ~:: ':"';~;:::::;:::::: ;:: ;~;: =;:,,: :::::;:::: 

95 000 ~................... :::~::~~m~~::::~~~~~~::::~~~~~~~ 


90'000 	 E~~~~~~~~~~~~~~~~~~~~~;~~~~:=::~~~11~~~~;~~;1~:: 

· E~~~~~~~;~~~~~:~~:m,=~~~~~~i~~:: ~i~~~g~::~~~ 


85.000 E:!~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~W~..·........... ~ 
 1-'-PASSING % 1~~.:~ E; ~~?~? ~?? ~ ~~? ?~~ g~~ ~~? ~~~? ~ ~ ~ i ~ ~ ~ ~~~?~~~; i~;~!~~~ ~~~ ~~~~~ ~~ -D-TARGET 
· E~ ??~ ~~ ~~~ ~~ ~~~? ~~~~ ~~? ~~? ?~~~ ~~~ ~~ ~?~??? ~???? ?~~? ~~ ~~? ~~~ ~:70.000 .................................................................. 


65 000 ~::::::::::::::=:::::::::::,:;::::::::::::;:;:,=: =::;::; = ===;:::=;: 
· m~,,~~;~~;i: ::~;;::"":~;;;;:~::;~;;;i:::::::::::: :::::""ii: 

:~:~~~ p ~ ~~ ~ g~ ~:;;;~ ~;~ ~~j:;; j~;g; g:;~;i ~;;;;;:; ;;~;;;;; ~;~;;;;;;;;; ~ 
+ 300 ~m +150 ~m + 105 ~m +75~m 

I 

J - 19 




IMILL TeST DATA 
--!- ­

,...~.....-. .............. ._.1-.­

IUNIT'1 	 MILL'D iTEST No . L 550' 27' 09h15 

.. --~---~--~.-
NDE + 300 J.Utl +150~.un + 105 J.Utl +75J.Utl - 75 J.Utl SAMPLE 

RETAINED GRAMS 0.04 0.87 3.87 12.24 50.34 62.58 
RETAINED 0/0 0.064 1.390 6.184 19.559 80.441 
PASSING % 99.936 98.6lO 93.816 80.441 19.559 

I 

i ........ 


-,,-, ... !... 

:~Rt\PH DATA • 

: '. 
+ 300 J.Utl +150 pnn + 105 J.Utl +75J.Utl 

.-.~~~-.~ 

PASSING % 99.936 98.610 93.8l6 80.44l .... 
TARGET 99 90.5 81.5 70 

~-

. 

--,._-, ..,- .-	 .- . 

U1D-MILL 

105.000 

100 000 t~~:;;:;: ;:~g:~~::::::::: :::~~ ~: ~~: ~~;::: ~~~ ~~~ ~~~~:: :::::::::::: 


. '~::::::==:: ::. ~:::::~~~~~~~~~~~~~~~~:~~~~~~~~~~~~ 
95.000 	 ,:~~~~~~€~~~~;:::; :~§~~§~~~~~:~::::::::::;: :::::
90.000 	 t::. . :::::. :: ::. --:::::::::::::::: 


t:::,,:::::;:::::::::::::~~==::::::::~::: ~~::::;;;: 

85.000 	 ~~~;i:;;~~;;; ;;;;~~;~~~~;~~,==:;~.... -........ ~ 
 1-'-PASSING % I 

-m-TARGET~~::: illmmmmmmmmmmlmili::im:~ITilimHiliili 
. E:: ~~~~;~~~~~~~~~~~~~~1~1~~~~1~~1~~~~~1111~11~::~~~~:~~1; ::~~~65.000 	 :;::,,';c 

60 000 	 ~:::::::::::::: == "":::,,::,, ::::::::::::::::,,,:::::::::::,, ,,;: 
55:000 	 E;~;;~;;;~;~~:~~~~~~;:"::: ,ii,::::: :~:::iiii:: ~~:~~:;;;; 

+ 300 iJm +150 iJm + 105 iJm + 75 iJm 

J - 20 




!MILL TeST DATA I \ 

~==·-:--:-=-t__ =1---~] --: -·-:Ll--=-=--=~~r- .­
--.-~-----Il I --~li----l-----L---..l
UNIT: 1 ___ .. ____ .__ ._____ .. [MILL: 0 .. _______ ITEST No; L 550: 24: 08hOO 


I i I I I I 


.~ --=~=~~==-1=-=~:-1=----::=l=-===r=_=L:-=--t===, 

NDE I + 300 p.un I +150 JAIn I + 105 p.un I + 75 p.un j .. 75 p.un I SAMPLE i 

RETAINED GRAMS 56.94 
RETAINED % 
PASSING % 99.9471 98.5771 93.4321 80.3831 19.617 

I, • 

/--------------·1---------·--·-+-- -- -----'- ----.---.. f--------------t-------f-----­

1-==~~==~~~.~-=--=~--:t=-==lG~I{:-1?~t~J------·--·}---------+-------f-- - --- - ------- ­

-------.------ t + 300 J.Url L+150 p.un I+ 105 p.un I + 75 p.un I---------t---------·--r 

PASSING % 99.9471 98.5771 93.4321 80.383 
TARGET 991 90.51 81.51 70. 

f-·-------·--f-----· 

1-···· 

U10-MILL 

105.000 ==:: =::::::=:::::: 

100.000 ~~!ffi~$~~~~~~~~§§~~ 
95.000 
90.000 
85.000 

-+-PASSING%80.000 
-G-TARGETI75.000 

70.000 
65.000 E-'~~~~~~~~~~~~~~~~~-:-:-
60.000 t::..;.:~~~~~~~~~~~~~~~~~-:-:-
55.000 

+ 300 jJm +150 IJm + 105 jJm + 75IJm 

J - 21 



IMILL TEST DATA , . ..-.----+. .... .. ; ... ..... . .. ~···--·--·----t·--·--·---···---··--·-+-·-··-----·-·-

I ..1 ... ....• .. . I. .. I 

=~·~~-~=-~~~~:~~=====-~--"--.--~-~.~~E=-~.--.~~-·-=~=.E~::_~~=-_-=-I=·=-~_~~·J===~~~-~='~_i==~=--= 

UNIT: 1 ......L_.___.1MILL: D..iITEST No: L 550: 21 :,10h15 _ 

f I I ; I + 
--.--~----===~====·=-L===:=t==---===C=====]==~=--r-==~--=


iii I I t I
--·---NDE-·~--·-I + 300 ,.... I +ISO IOn I + 105,.... I + 75,.... I -751J1l1 SAMPLE 
RETAINED GRAMS I 0.031 0.691 3.041 8.451 43.671 52.12 
RETAINED % 0.0581 1.3241 5.8331 16.2131 83.787 
PASSING % 99.9421 98.6761 94.1671 83.787 16.213 

f---·-·_-_· 

M ~,--~,,-·,I-·---·-~·,-~····-~,~,-,~--·,·,~, -.---.-,--..~-+"t--, .--------.---+ .-.~~.-------,-+_--,---,-,----+-----,-----~--

.I 

I~RAPH DATA 

+ 300 P!llJ i-l?O~ Ii- 10? P!ll. +75P!ll 
PASSING % 99.9421 98.6761 94.167 83.787

70' -------···---+·-------·----·1
TARGET 991 90.51 81.5 

! 

U1 D-MILL 

10S.000 ... _..• _ ...................... •.......... 


-'-PASS'NG %1 '~~ r; i,~!~;i~l~; I-m-TARGET 

6S.000 :;::: :::: ::: ::"::: ::::: ,,:,,::;:: 

60.000 ::: ::: ,E=:o :::-~ ~ -~ . 
55.000 :" ::: ::::: 

+ 300 IJm +1S0 IJm + 10SIJm + 7SIJm 

J - 22 



!MILL TEST DATA 


1-,--,..._- -----,-,-,-------- ---,! .--, - '" .'"., -- ,-- -"'i-----"---'"'-'"---------'f ,- "'--'" "'''----, ­

1,------,----- '-------,--.,.--'"--,-,-.--+,---, ·----I--------+-,-----,-f----------+---'"-,--·-I 

IUNIT: 1 _______________+_ iMILL: 0 [TEST No: L 550: 17.5: 11h15 

NDE + 300 JUl. +150_l:lm + 105 f.1ln +751!!!! - 75J:I!I!. 1 SAM PLE 
RETAINED GRAMS 0.04 0.93 3.91 11.45 53. 721 65.17 
RETAINED % 0,061 1.427 6.000 17.569 82.431 
PASSING 0/0 99.939 98,573 94.000 82.431 17.569 -_..----- ­

----""-- t-- ­

iGRAPH DATA 

----------- t + 300 J.UIl j +150 f.1lll j+ 105~ i -1-75 pltlj ----.---I 
PASSfNG% 99.9391 98.5731 94,0001 82.431 
TARGET 991 90.51 81.51 70L~=~~.~_+__, , , 

._---_._------_._- --,.+----".-­

~--,..~,--.-----.---..• ~"«-

U10-MILL 

105.000 

100.00095,000 ~~~~~8~~~~~ili!ililiW~2ill1!ill~ 
90.000 
85.000 

i-+- PASSING %80.000 
I-a-TARGET75.000 

70.000 
65.000 
60.000 
55.000 

+ 300 ~m +150 ~m + 105 ~m + 75~m 

J - 23 




! iMILL TEST DATA I \ 

~~-~=~-==---~I:-~~=J~~~~-~--i:::~---- .. l~~-~-~~l~~::::f---~--~~. 

I : .. .1 I.!. ! 

irNiT:r-.~-_~~~_-__ -__~:=r-'--_=--~~=lMILi.:D-=~[-.~­__ __ __ -=~I..:..T-.:::E.::::S-..:..f..:..N:..::o:...:-::...:L=-5::.:-5:::.::0::...::...1:..;.4:..;.:;-1:.::2~-h~3~O--­
iii I i I--.---------- t-------·-----I------ l--·- ---------r-----·---- --" ·1·------------·-1-··­

~---------~------,---.. i--~~-·-- ....L·---"·-....·--·i- I l -'-I---­

----NDE I + 300 J-Un 1 +150,Jlll I + 105 J.UI1 I + 75 J.Un I - 75 J-Un I SAMPLE I 
RETAINED GRAMS I 0_041 0_741 3.131 9.61 50.171 59.77 
RETAINED % 
~~~__-------+----~~--~~1---~__+---~~~__~~------­
PASSING % 
~------------+-------+-------------"'--------'-----"""'-.--------­

-+---------­
-~-~--. 

~ ••___, __._,__ • ___~_~_._.__" __ '.~_" __M' _______• ___ ~ 

iGRAPH DATA .---._----------- ----- .--._- -..--L------.-;· .. -... - -_. .-. -.. _. --­

.._--------.-.---.--_.- I+ 300 JIIll I +150 J-Ull i + 105 J-Un i + 75 J-Ull 1----.;-·· ---I 

PASSING % 99.9331 98.7621 94.7631 83.938 
jTARGET 991 90_51 81.51 701-------.. 

U10-MILL 

105.000 
100.000 
95.000 E-"~~~c:.:.:.;c:.:.:.;:.:.::.:.: 

90.000 E7.7.:_:_:_:_=7.7.3~~7.7.'=':_:_:_:_=7.7.=?'S~7.7.~ 
85.000 E~~=~~~~=~~~~~~~='Sii 


80_000 E~~~~~~~~~~~~~~~~~ 
 -+-PASSING % I 
75.000 E-"~~~~~~~~~~~.:::.:::~:_::_:="SE,:,:.::_:~ I-I'll-TARGET 

70.000 E~~~~'=':_:_:_:_~~~~~~~~~~3
:::::::: :::::::::: ::::; :::::;~ ~ ~ ~ ~ ~ ~ ~~;~;;;~ ~ ~ ~ ~; ~~ ~ ~~;:

65.000 ;;;; ;;;;;; ~ g; ~ ~; ~~ ~ ~~ ~ ~~ ~ ~~ ~ ~~ ~ ~~ ~~; ~ ~ ~~;; ~; ~~; ~~; ~~; ~;
60.000 :;; ~;~; ;~; ~~;; ~~; ~~;;~ ~~ ~;~ ~ ~ ~ ~ ~; ~.~ ~ ~; ~;; ~; ~ ~~ ~ ~;;; ~; ~ ~ ~ 
55_000 

+ 300 Ilm +150 Ilm + 1051lm + 751lm 

J - 24 



iMILL TEST DATA I I 

--=~~=~==:~~=~~~-~-~~~'l=--J~~~~-J==--~-t~~--=i~~J~~- ---­
UNIT: 1 i [MILL: 0 i JTEST No; L 550: 10 : 13h30 

~~=:~-==~=4===-i=~=i-===F-=i---t---
- NDE I + 300 J.U11 I +150 J.U11 J + 105 J.U11 I + 75 J.U11 I -75 J.U11 I SAMPLE 

RETAINED GRAMS 60.6 
RETAINED % 

PASSING % 99.9171 98.4981 94.01O! 82.871! 17.129 

~.--.--------.---.---+-.--.-.-.....--" --..---.---!-------.l----.-.----...-~----.-----+-.---.---
_·_~_w._~.'__n_.~_________··_ f •.• -----.-.----1---........-.--.+.--­

---+-.-.--.-.-.----~~. --f·~ 

IGRAPH-Jj-ATA 

.----..---~.--- I+ 300 J.U11 i +150 J.U11 j + 105 Jilll I + 75 JlIll 

PASSING % 99.9171 98.4981 94.0101 82.871' ..._. __ .____+__._____ _ 
TARGET 99 90.5 81.5 70 

..-.-... -----.. -----.----.--~-......- ....----+.--.-.. ---.-··-r···..·-------·--f ------------f------·-·---·-r-·------­

U10-MILL 

105.000 •.•...........••••• ••• .•... 


100.000 ~S$::tt:tt::~::t:::~:::~:::!::::~:::~:;~;;~;$illt~~m~;~;;~;;t:t:~ 
95.000 ~ 
90.000 
85.000 

--+- PASSING % 

-e-TARGET 
80.000 

75.000 :::::::: ::::: 
70.000 :::::::: ::::: 

65.000 :::::::: ••.•• 
60.000 ::::: ::::: 
55.000 ::::. ::::: 

+ 300 IJm +150 IJm + 105IJm + 75IJm 

J - 25 



I 

U1 D-MILL 

105.000 """"""""'" '"'''' ",,::,=100.000 ::::::::::::::::::: ------- ---- .... 

95.000 
90.000 
85.000 

-+-PASSING %1
80.000 I-£J-TARGET
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 JJm +150 JJm + 105 JJm + 75 JJm 

J - 26 




___.___._''___.__.._. __.~_...__ ...,,_ j ~I~~ TE.~T. D~,.A,
i 1 ( ! 

. I ; I 

I ------------k-=-{-~-L-=::L---.J .•=~==--J~=~-===
mUNIT: 1 ... __ .____._ .. L .._.. ••__.iM1LL : D_J.._________.ITEST No: L 500 : 26 : 13h15 __ 
iii I I ' 

..-==-==--=--=~~-=~~-==--==--F-==:·=F==~~=~=T===··-==J··-----·-·:~-.--
·------NDE .-~ - + 300 f.Ull +150,.un + 105 pm + 75 pm - 75 pm SAMPLE 

RETAINED GRAMS 0.09 1.47 5.27 13.83 71.33 85.161 
RETAINED % 0.106 1.726 6.188 16.240 83.760 
PASSING % 99.894 .- 83.760 16.240 

.;____ ._..___.l9-~H ..DATA 
I ! I,------_..__....-. 

+ 300 pm +150 wn + 105_ptnl +75~ 
rPASSING% 99.894 98.274 93.812 83.760 
TARGET 99 90.5 81.5 70 

II i----.- ­

! .1____.._-.--... .._--­-~ 

U1 D-MILL 

105.000 

100.00095.000 ~$.$EEtm~E~~:mrm288.:mill]illill1~ 
90.000 
85.000 

-+- PASSING %1
80.000 

-D-TARGETI75.000 

70,000 

65.000 
60.000 
55.000 

+ 300 Ilm +150 Ilm + 1051lm + 75 1lm 

J - 27 




I 

I i,MILL TeST DATA 
I 

lTEST No-":"L 500: 23.5: 14h15 

i 

! 
NDE +JOOpm +150 pm +105 pm +75 pm - 75 pm I SAMPLE 

RETAINED GRAMS 0.09 1.31 6.67 21.63 59.521 81.15 
RETAINED % 
PASSING % 

0.111 
99.889 

m_ ., 
-- - ­ -

1.614 
98.386 

-.---1 
--.. 
8.219 

91.78l 
--.-- '1 
- -­
26.654 
73.346 

73.346, 
26.654 

.___ 

I !GRAPH ])A.I~ ~______'____I____--I____1·------ ..-.--------------,-..-,--- ,----,. '-----'--/'-' -. .-..-" ..... ­

+ 300 pm I +150 ,un +105pm I +75pm 
"-"i---- ,-----------1 

PASSING % 99.8891 98.386 9~~~~1 73.3;gl·__·__,,+_____~_ 
TARGET 991 90.5 

I 

U10-MILL 

105.000 '::::::::::;::::::::: :::::::: ::: ::::::::::::::::::::::::::::::::: ::' 
100,000 ~~~§~~~~~~~~~~~~~ 
95.000 
90.000 
85.000 I-+-PASSING % I
80.000 

i -£J-TARGET •
75.000 
70.000 
65.000 
60.000 
5/?000 

+ 300 J.lm +150 J.lm + 105 Ilm + 75J.1m 

J - 28 




MILL TeST DATA 

i 	 1~----.- -..--.,-.-.---.. ~__ ,
I iiiI 

IUNiT:'1--' -----.--~j=~=~~~===nViiLl-:· D·j~~-_~:~~.=~~·]TEST·NO·:!L500·:·20~75:-15h-151 
-1 

.0___• ___• __,_._. ___ ~____• 

NDE - 75 J.Ull .rSAMPLE+ 300,.un +150 JUll + 105,.un +75,.un 
RETAINED GRAl\IS 0.07 1.51 5.62 13.82 72.71 86.52 
RETAINED % 0.081 1.745 6.496 15.973 84.027 

.
PASSING % 99.919 98.255 93.504 84.027 15.973 

i 
.1­I 

I .'-'-' 
___• ______~. M _____~.___ 

PASSING % 
TARGET 

, 
! 	 I i 

i I 
! 	 J 

U1 D-MILL 

105.000 	 ..... _............ .. .... 

100.000 	 :""":::""",, ::::;: 

95.000 
90.000 
85.000 

-.-PASSING % !
80.000 

-D-TARGET I75.000 
70.000 
65.000 
60.000 E"-'~~~:.:,:.:c.:..:.:.:~~~:.:,:.:c.:..:.:.:~:.:,:.:c.:..:.:.:~.:..:.:.:~:.:,:.:c.:.: 

:::::::::::::::::::::: ::::::::::::;::::.::::::::::: ::::::::;:::: :::::::::: ::::;::: :::::::: :::::::::::::::: :::: ::: :::::::: =,=::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::55.000 
+ 300 J..Im +150 J..Im + 105 J..Im + 75J..1m 

J - 29 




----

------------1- --- JMILL TEST[)A~j\ i----L--­
1------- ___ ~ ____ =_~:~~~-_:-:.·t-~~-:~~:-------J=-~=:-==~:==t==-:-:==~~J~===. ·-----------_~t------ ---: 
uNIf:-r- !---JMILL : D--t---~EST-~-io:tso0_:18_h_6h15
------====:=I=~====-L -1-t====-~=L----L-.---r=1 

I 

I I ; 1 -= 
-- ______~L.------i--------+------L------j --­I 

! I . I I 

NDE-------I +lOOpm L:,"lS0pm I +10~J.unL~'7SfUn I -7Spm ISAMPLE 
RETAINED GRAMS 0_081 1.221 4.541 11.731 61.411 73.14 
RETAINED % 0.109 1.668 6.2071 16.0381 83.962
IPASSING % 99.891! 98.3321 93,7931 83,962! 16,0381 _______ 

------,--------------------- f-·--.. ··------ ----, --f-.-. 

--------------------------------1-----.. _-------------1------­

---- ----------------- ----f ----------------,.--.--------.----'----------------+.

iGRAPH DATA 


+ lOO fUD I +lS0 fUD I + lOS fUD I + 7S f.UD 
PASSING % 99,8911 98.3321 93.7931 83.9621_________+____

1TARGET 99 90.5 81.5 70 


--------------1----- .----+---------1--.----, -+-----­

1-­

U10-MILL 

-+-PASSING % 

I-Q-TARGET 

+ 300 IJm +150 IJm + 105IJm + 75IJm 

J - 30 



IMILL TEST DATA i"~. ~"'"_M" -- . - ....- -~- - " -_._ ..._- - --­

,.. - -~...~-..• ~ .... ~ . ~f 
___.1.. 

~ ._._-_." ~-. ~- ,
IUNir:-f [MILL: 0 , ITEST No: L 500: 14: 17h30 

···-·----·-i --.-~--~- .. -------:- I 

i 

------" 

U10-MILL 

105.000 t,::,::::,,:,::::::::::,:=:::::::::::::::::::::::::::::::::::: :.::: 

100.000~$~~EE~$~~2Etm~ntStm~95.000 ~ 
90.000 
85.000 -+-PASSING % I 
80.000 I-G-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 :::::::::: -:::::::::: -::00: ::::::::::;:::::.::: ::: :::::::::::::::: 

+ 300 IJm +150 IJm + 105 IJm + 75IJm 

J - 31 




! !MILL TEST DATA ! . 
'---~----'-------i-----~ -.----,------ . . .. ,,-- r-' ----- ------- --. -----I--~--r-----

i I I , i . t,·- "j""- "T ~.,--,-- .-.'.--_._- (_ ..- "'----------'·'r----- .....-------­
----- ;-- ---,-._-------- _.- --_.+----.- -------_.---+--- -----------_._j--_.---_._--_._--+-------­

L I . ___-. • !• --J.i_________. ; ____1-- I 

UNIT: 1 ______.._____~t----.--..IMILL: D __f_______/TEST No :,L 450: 30: 10h45 


··----------=-==~r--=-~=~f~=.~--=~=~~==r--------~ JI , II, I 
Ii' , 

1- --------------. - .------.- --.-- J 

I~RAPH DATA 
f----·-~-----------······---·-·-f-----....--.. 

+ 300 pm I +150 pm I + 105 pm I + 75 pm 
PASSING % 99.9561 98.7511 94.6271 83.3281___________+ __.________ 1
TARGET 99 90.5 81.5 70 . 

I 

_l --_.. ;.-....------ ­
-- ---..-- ­ ~--

U1D-MILL 

105.000 

100.00095.000 ~~$j!jt~e~s~$.~~~1ttm~~~ 
90.000 
65.000 '-+=PASSING % I 
60.000 .....f!I-TARGETl75.000 
70.000 
65.000 ~~:_:_:_:~:_:_:_:~~:_:_:_:~~~~:_:_:_:~~~~:_:_:_:_= 
60.000 ~~:_:_:_:~~~:_:_:_::_:_:_:_:~~~:_:_:_::_:_:_:_:~~~:_:_:_::_:_::,_= 

55.000 =:.;:.;:.;:.::..:..:..:..z..==="-=::.::.;;.;-=-==.:.::.::.:c:.:.:.=.;;-=-===,,,-=:.;;.;;.:= 

+ 300}Jm +150 IJm + 105}Jm + 75}Jm 

J - 32 




r----------l--------!~'~LT1~!D~Tt-~--1 _1-== 

------------------ - -+--- -------j-- -- ---- -- -...-.-.- i- -- --- -------i-----------J -l--- ­
UNiT:-1---·------t---·--·---+MILL:D-t--~---ifEsT~L450:27!11h45--

==-~-~-=--=-~±=---==-1~=~:~r:::==- +--+=::::::-±:::=~::: 

iii ! i i 

,-----NDE- I + 300 JUll I +150 I-Ull I + 1051J1l1 I + 75 JUll I -75 pm ISAMPLE I 
RETAINED GRAMS 1 0.041 0.891 3.981 12.721 64.341 77.06 
RETAINED % 0.0521 1.1551 5.1651 16.5071 83.493 
PASSING % 99.9481 98.8451 94.8351 83.4931 16.507 

-----------.... --+---------.. 1-·---...........----. - ...-- ,-- 1--·------·---··-1-·-·-·-··------+------1 

.-.-------- .--'- -- -.- -----...-.--I---.------J---.-..-. -..-....... --+---------..-.--i .-----.---. --.-+-..-..---..--.--.. ---,--.-- ---.----..--. 


IGRAPH DATA 

-------------.j + 300 pm 1+150 pm I + 105 p.un I + 75 p.un 1-------.---1-----------1 

PASSING % 99.9481 98.8451 94.8351 83.4931 _._---_. 
TARGET 99 90.5 81.5 70 I I 

I 

U10-MILL 

1 05.000 ~=_:==_:=_:_::_::=_:==_:=_:_::_::===_:=..,..,..,.,:_:_:_::== 

100.000 ~~~~~§~~~~~±~~~±~~ 

-+-PASSING % 

I-D-TARGET 

+ 300 IJm +150 IJm + 105IJm + 75IJm 

J - 33 




I !MILL TEST DATA 
------·---~---r------=r-- ;.- --- !- -------·T------F-'-·-~------==~ 
-_.... --.-----.. --- .. -.-- -------.-.--+.--·--·--------·_··tl.--.--. - .•.-.- •.... ; .......- .. -. - -- - - ~ ---- ----- --- J--------- --- ­

.--.-- ---.---.-.-- ..---.--1-------....-i.-.. -.---------1---------- -k -_____J______ ----- ­
UNIT: 1 i IMILL: D I ITEST No: L 450: 23: 13h30 

=-~:~-~~~=[-3-=-- 1=:~~t---+--t= ..• 

1 I ' I I : 

--_·----NDE-·------l+ 300 p!u_Lt:!?tl f-'Ill_t_+ 105111" I + 75 pm I -75 f.Ull j SAMPLE J 
RETAINED GRAMS I 0.061 1.081 4.511 131 71.051 84.05 
RETAINED % 0.0711 1.2851 5.3661 15.4671 84.533 
PASSING % 99.9291 98.7151 94.6341 84.5331 15.467 

--+-----.-.... --.-i-- ----------..---f----------+-----.--_.-.,---------.--..-.... ,.--------/ 

If!RAPH DATA 

+ 300 Pin I +150 pm I + 105 J.Un + 75PJll 
PASSING 6/0 99.9291 98.7151 94.634 84.533 
TARGET 991 90.51 81.5 70 

~- 1-----.------.+.--------+.-- ~-----__i____---+--------

-.--.-------~"------

I 

U1 D-MILL 

105.000 _.... _._ .. _______ . __ __ 
100.000 :::,,::;;;::~::::::: -­

95.000 
90.000 
85.000 -+-PASSING % 
80_000 -B-TARGETI
75.000 
70.000 
65.000 e:.:~:-:-:-:~:-:-:-:-:-:-:-:~:-:-:-:~~-:-:-:-:~:-:-:-:~~-:-:-:-:~:-:-:-:-:-: 

60.000 
55.000 

+ 300 IJm +150 IJm + 105 IJm + 75IJm 

J - 34 



-----

, !MILL TEST DATA ! ! ..-.-~---------.----'--'- - ',.'-- -.--- , -------1------+---­
I I I

.," ,-" '"-- -----.-- ~- .-..--- --."-,.-.- -,------.~...- -----_. -.---.- . ----,--_.-- 1·.,__ • :'" .- - --. -- - ! --,-." -. -- .-1-----. 
I Ii' ; 1 

~~~~~=~~-==F=-:-=:f~f[~:D[=~JF~;~~~;h~--: 

~ I 1 I I1 

~------====t===-=~-==-~~~I====~~===~=J=--==~ "-.~~=~=-~~ 

·-----NDE----- - 75 JUl1 SAMPLE 

RETAINED GRAMS 0.03 1.06 4.54 13.8 68.12 81.92 
RETAINED % 0.037 1.294 5542 16.846 83.154 
PASSING % 99.963 98.706 94.458 83.154 16.846 

j ! I • I 

,.~ t ..- ---.-+.~---"-

I 
_1 

iGRAPH DATA 

+ 300~ I ±!50 pm I +~--.L±3~ 
PASSING % 99.9:~1 9~~~~1 9~~5:1 83.1}~I-_--·--··------r-----·----t
TARGET 

.~.----------,-, 

-~.-.~.--. -.,~--.~~---

U1 D-MILL 

105.000 

100.00095.000 ~$.$tttt~~~~~~~~ttt~m;m!~ 
90.000 
85.000 -+- PASSING % 
80.000 

-o-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 !-1m +150 !-1m + 105 fJm + 75 !-1m 

J - 35 



j !MILL TEST DATA 
.~-- ..--+.....-..... ... ... .... ......... .......... .... . ....--.---'---.~~-r---.--.--
I I I iii 

I-==~=-]~~=f=-~~=-::F±=~=--::I::--::= 

UNIT: 1 ..J._.~..._ ..JMILL : D .. L ...___._.1TEST No: L 450: 16: 15h30 .____ 

iii i I I 

·=~===~=~=~=-==r·--··-··--=1- ·l--·- -T-··--==~F=== 
'--~DE---- -75 SAMPLE 

RETAINED GRAMS 84.59 
5.887 17378 

IPASSING % 99.953, 98.6641 94,113 82.622 

i 
..·.=.·.-~I.~:~~.~:~~~~~__=I~~.=~=~ 

i I 
-·---,t-~-·---·--··-·,..·---~"~---

'GRAPH DATA.._.....+...-..... .............-. 

I tI 

.--~--.- --Ij.-------r------+­

PASSING % 1 
TARGET 

I 

.---.... - ....--~.-..--.- ·-··-1-·-·--·---t---··-·-··+-~----·-_+__----·+-----_+_-----· 

U10-MILL 

105.000 :::::::::::::::::: :::: 

100.00095.000 ~~$ttttg~~~~~@.trtttm!jnt.m~!tlf 
90.000 
85.000 -+-PASSING % I 
80.000 .....g.......TARGET 

75.000 
70.000 
65.000 

~ ~ .... ~. ~ ........... ~~~ .~ __ ~~ ~"M"~" ..... ~~ ~~ _ ~~ ~ ~M W~_ •• ~ •• _~ ~ ~ ~ ~ _~. ~~
_ _ .. ~ __ 

60.000 ;;;;;;;;;;;;;;; ;;; ;;;; ;;; ;;; ;;;;;;;;;;; ;;;;;;;;;;;;;;;;;;;;; ;;;;;; 
;:;;:;;;;:,;;:;:;;;;;;; r Z ;;;;;;;;;;;;;;;;;;; i;;;;';;;;';:;;;;;; ~::::.:::.::::::: :::,=:::: ::::::::;:::::::.:.:.:::::::::55.000 

+ 300 fJm +150 fJm + 105 fJm + 75 fJm 

J - 36 


mailto:ttttg~~~~~@.trtttm!jnt.m~!tl


; JMILL TeST DATA 

IUNIT: 1 iMILL:D iTEST No : L 450 : 12.5 : fSh30 
---------"----------"----+---------.-,+..~---.-------.-j,,--.-..- ....-,-.---------I---*~..~----.i__-- "-~----i---,------~-

._-_.._.._.*,, ­

NDE + 300 J.UU +150 J.UU + 105 J.UU + 75l!!!!. -~ SAMPLE 
RETAINED GRAMS 0.04 1.07 4.87 12.74 72.41 85.15 
RETAINED % 0.047 1.257 5.719 14.962 85.038 

-- ­
PASSING % 99.953 98.743 94.281 85.038 14.962 

...- - _...__._.- . - ---- -_..--.-.... __ .~--- .••---. ___ • - i-'- ..-. --·----i-----,,·----I. ' I 

. ! I I1·-·---·--·---··---....----··--1·---··---..··-·- --i---"'--" ........ _J________+_ 


___...._._____I_______.!GRAPH DATA i 

~ ",. I ' ---.---.----------- .....---[ + 300 J.UU I +150IUD I + 105 IUD ] ±751UD·-------1------­

PASSING % 99.9531 98.7431 94.2811 85.038 .__....._..-. -~ ....- ..-- ----_... 
TARGET 991 90.51 81.51 70 

I· 

U1 D-MILL 

105.000 : ::::::::::::: ,,:::::::::::::::::: ::: ::::::::::::: :::::::: :::: :::: 

100.00095.000 ~~$.tt~~~~~~~mtill~~~tm~~ 
90.000 
85.000 -+- PASSING % 
80.000 -D-TARGETI
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 IJIl1 +150 l-lm + 1051-1m + 751-1m 

J - 37 




~-.---.-~------- j i~I~L_ TEFI DAI~ ---------1----------·--1---­

--~~~==:~J~-=:T ~:--=:1-----_~t_:~_t:~-=~-:t~-=~= 

UNIT: 1 ________.l____________ lMILL: 0 -1- _________1TEST No : L 400: 37: 15h45 


l 

-- -- - -._-----. - -1- - --- ------1 ---i------ ------t~---- I I 

------------- ---L---_L----t--------- ______-L-..-_ I -/
I ! I I 

NDE ----, + 300 J.UIl I +150 J.UIl I + 105 fUU I + 75 J.UIl I -75 J.UIl I SAMPLE 
RETAINED GRAMS 56.54 
RETAINED % 

PASSING % 99_912, 97.9311 91.900' 78.3871 21.613 

1---·----.-.---------.--+--- ---..-.-----.-.---.j.-------.--.-.-.-i-.------.---------l.------..---\--------.... f-- ----·--------1 

---------f--.-------f--------~:-------f---- 1-----­

I~RAPH DATA 

+ 300 J.UIl I +150 J.UIl I + 105 J.UIl I + 75~ 
PASSING % 99.9121 97.9311 91.9001 78.3871_____.._____ 
ITARGET 99 90_5 81_5 70 

·--·---·------1-·----1 

U1D-MILL 

105.000 

100.000 ~fr!!~S~~i.tt§E:7~~~~~~~; 
95.000 

90_000 


85.000 
-+- PASSING %\80.000 
-a-TARGET\75.000 

70.000 
65.000 
60.000 

+ 300 IJm +1501Jm + 10SIJm + 7SIJm 

J - 38 

55.000 



------------~:-·--l~-~~~-,..Er~T~AI~ -] ---1---­
I--~---~==-. ______._________+~ _____.___ .Jm=_:=~~~~m-__ .=t--~~=-.-~=---=···f-=----=~~ ~:=:r===~=-'r----=~=== 
iJNIT : 1_____ t--tMILL : D.L IfeSTNo :L400:32.5:i6ti4s-. 
___••••__m __• __._~.____~ ~_~_[____+-___m__ I I 
-----~----1----1 r--------t--1 --t-,-----j 

i , , i , 
NllE -r .Juu J.UIl -r1:lO J.UIl + 105 J.UIl +75J.U1l - 75 pm I SAM PLE 

RETAINED GRAMS 0.8 1 3.9 10.22 44.951 55.17J 
RETAINED 0/0 1.450 1.813 7.069 18.525 81.475 
PASSING % 98.550 98.187 92.931 81.415 18.5251 

-____._______._________J_________.j __________L__ 
IGRAPH DATA 

--_._.. -r------·r-------· 
-----" --"--------­

PASSING % 
TARGET 

U1 D-MILL 

105.000 

100.000 ~~~~~~~tt~~~~~~ht'ht'~ 
95.000 
90.000 
85.000 --+- PASSING % 
80.000 --0-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 I-Im +150 l-lm + 1051-1m + 751-1m 

J - 39 




·~+___~f.!V1I~~.}E;~:r.J?~r.~...~_-' __ 
! I I ! f 

~~~~._u._._. r···· -·~·~=:~t~---~---~~-·-r===~==~~=F==·~~~·=- ·r=~--===-~L_~===__ . 

UNIT: 1_. _______._._L__ ~__IMILL: 0 J~___jTEST No: L 400: 28: 17h45 
I I I I I I 

~======--J--==l--.=J----- 1-'·· -L-·---r----~ 
I I I I I I 

NDE I + 300 JUlI I +150j1lll I +105 JUlI I + 75 JUlI L-75 JUlI 1SAMPLE 
RETAINED GRAMS 49.97 
RETAINED % 

PASSING % 99.8801 98.2191 92.7761 79.2481 20.752 

IGRAPH DATA 

.------- t + 300JUll I -t!50 JUlI j + 1 05~t± '1!5~ Im---t-·__·_­

PASSING % 99.8801 98.2191 92.7761 79.248 
TARGET 991 90.51 81.51 70 

----.~.~ 

U1 O-MILL 

105.000 :: :::::::::::::::: 

100.00095.000 ~~$ttg~~Sg~ml~tm!jggm~~E 
90.000 
85.000 
80.000 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 !-1m +150 !-1m + 105 !-1m + 75 !-1m 

I 
-+-PASSING % 

-tl-TARGET 

J - 40 



[MILL TEST DATA I I------- I ·--r-.,---mpJ" ... -........ --. 
 I·--··-·-~r-------I·---·· 
~·:==~=--==--:-4=-=--:~::~~==J~-=--=~i-=-~ J::~:~:=£-::= 

UNIT: 1 ... _________..	L ..____ .... .lMILL: O._L........_ ..__ ~TEST No : L 400: 24 : 18h45 

ill I ! I 
~~~-==~~=~·-~-=.=.~·:·~~i~~~====F~===~=t==:-··--·-·~=-~=l~=--=-·-·-ti---..J 

NDE I + 300 pm I +150 pm I + 105,.... I +75 pm I -75 JUn I SAMPLE 
RETAINED GRAMS 1 0.051 0.991 3.31 8.581 44.461 53.04 
RETAINED % 0.094 1.867 6.222 16.176 83.824 
PASSING % 99.906 98.l3~ 93.778 83.824 J6.176 

1······_·············-., ... - ..•..-.--.•-1-..-.--.----+---.. ­
-----..-------...--1--.....-.-.--.. f······ ·--·-·-·····-l-·--·---~---·--f-------+-··I 

.---.~-.--+_____.-----.!~~I-I ,PAT~ --+_____._.+........._.___1 


+300 pm I +150 pm 1+ 105 pm I +75 pm 

PASSING % 99.9061 98.1331 93.7781 83.824 
TARGET 991 90.51 81.51 70"--" 

U10-MILL 

105.000 .•• __ . __ ...._....... __ 

100.000 ::::::::",:;:,:: ;; ;;; 

95.000 
90.000 

85.000 	 . -+-PASSING % 
80.000 	 -­

-lJ-TARGET 
75.000 	 :: 
70.000 
65.000 ~~~-=-=~~~~-=-=~~~~~~-=-=~~~ 
60.000 t=-'-'==~:.:.::.:.~~~~~~:.:.::.:.~,,:,:,::,~~~~~ 
55.000 i:.:..:.:c=.=:'::'::'::=.:.::':':':'=",-===.:.;=.:.::.:.::.:.:.:.,""",,=.::.=.:.:.c.;:.:.::.:.== 

+ 300 IJm +150 !-1m + 105IJm + 75IJm 

J - 41 




_~_~.._ ..__.._._._J _____---1MI~.~.. !~?T.~.~T..o.....___.~+-- ..... J._._~____. 
1. -...J................-.... ... 1 .... -..._.... - ... _-....}..·············_··1······_ ·1


1 __.__·-=~~===l··-··-·--·-I·~:-~_~==~~j-- ....... --.. --:L... ~~=-.~j:~._:~ __-=.~~J.~==_-'.-__ 

UNIT: 1 _._._. __~--.. --.-.---.-IM'LL: D._~.__.__.JTEST No :IL400: 19 :~9h30 

'·=~:=~~==::··~·-~~~~===~-=====~=---=~=·==i=--==-=~-I-·-----.r=-.'-' ~---
NDE I + 300 J.UD I +150 J.UD I + 105 J.UD I + 75 JUD I - 75 J.UD I SAMPLE 

RETAINED GRAMS 0.06 0.98 3.71 9.9 41.071 50.97. 
RETAINED % 
PASSING % 

0.118 
99.882 

1.923 
98~077 

7.279 
92.721 

19.423 
80.577 

80.5771. 
19.423 

1 

... f·· .•-.-.-•..-~...1-•. - •• 

IGRAPH DATA 
I,--·~------,---,-~··~--·--··-,---·-·--~-·~-----~--·-,--'f- .. '; _. - '-'.~- .. 

+ 300 f.UD I +150 f.UD I :!" 105 J.UD J + 75 f.UD 
PASSING % 99.8821 98.0771 92.721 1 80.5771 --------f.---.---.. 
TARGET 99 90.5 81.5 70 

U1 D-MILL 

105.000 ................. .. . __ . 

100.000 ",,:::;:;;:;;:;: :: .--. 

95.000 
90.000 
85.000 ·-+- PASSING % I
80.000 I-tlJ-TARGET
75.000 
70.000 
65.000 
60.000 ~~~:-:-:-:-:-:-:-:~~:-:-:-:-:-:-:-:~~:-:-:-:-:-:-:-:~~:-:-:-:-:-:-:-:~ 

55.000 =.::.:.;:.:::..===';:':;';;;';L.:..:..:.======':";;';:';:'::'====-::J 
+ 300 J,lm +150 J,lm + 105 J,lm +751-1m 

J - 42 



iMILL TEST DATA I ! 
....~--.---.-----.----.-T---- ..- t· __ ······· r~· ... --·r .~.=~=~I-.--...-.-..-.: 

j ! 1 1 r I 
~~~=-=====---===.·---·--C.~······--······· r· ··········=r~-~- -T-·---··~=r=--=~= 
UNIT: 1...__._____.J_ ....._... __1MILL: D.J.__ .____jTEST No: L 400: 15d0h45 .. ____ ___~=I-=mr-:~--- ~~...-. j-.=--=i=--­
-- NDE I+ 300 pm I +150pul! L:tJ95 pm I + 7SI1f!1L.::-'Z!?11f!1 ) SAMPLE 
RETAINED GRAMS 58.25 
RETAINED % 
~P;;;;A;;.;:S;.:.S~IN~G.;.;;.;;;.%~--+--......;;.;.~t-----:~~-~~+-~~t----.;;.;;;.;.;;;~·----

~~.IS~ II ~IS.LOOI !:I..;.3051 81.2881 18.712 

J ,I 

--.....- ___--+--__---I--__---II··-----!---··-··-·--· 
+300 

PASSING % 

TARGET 

! 

U1D-MILL 

105.000 :::::::::::::::::: ::::: 

100.000 ~~~?~~~tttf:tf:tf:jrtjrtjrtjrt§fuI 
95.000 
90.000 
85.000 

-+- PASSING "" 
80.000 

-D-TARGET
75.000 I 
70.000 
65.000 
60.000 
55.000 

+ 300 IJm +150 IJm + 105IJm + 75IJm 

J - 43 



IMILL TEST DATA I i 
- ..... - .•----.-.-... 	 i ·r-······· ....... ·1·'· ........•. r ·-·1·------t-·--·········· - ­

I I I I I 

~=:::=~-.--==F==:: [:::~=~l=l=:-·.-:~::F- _=--E-::'~--.-. 

UNIT: 1 I ±MILL: D I ITEST No: S 630: 23.5: 11hOO 

--·-·-·······-·-···:·::~=-==~=~~==I:=~::=i==-l===j::==1=--~

NDE 1+ 300 JOn) +150 JIIll ) + 105 JOn I + 75 JOn I -75 JOn I SAMPLE 

RETAINED GRAMS 52.37 
RETAINED % 

PASSING % 99.8091 97.3461 90.0711 73.1531 26.847 

._... f· ..- ..--••..--._--1--------..1--.---------1----------+ 

!~RAPH DATA 

+ 300 JOn I +150 JOn I + 105 JOn I + 75 JOn 
PASSING % 99.8091 97.3461 90.0711 73.153 

ITARGET 90.5\ 81.51991 	 701===:=-_.+_____-1 

U10-MILL 

105.000 

100.000 ~~;?#~~~~mt~~~~~±±±+m 
95.000 
90.000 
85.000 -+-PASSING %\
80.000 I-G-TARGET
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 !-1m +150 !-1m + 105 !-1m + 75 !-1m 

J - 44 




MILL TEST DATA 

--'"----t- ---t--~-------

--------------------+----. ---------··4------------\----------------!-­

luf.iiT:1- -WlIl.ED _ fTESf-NO:S630: 19'7 :12h30"""r--'--'_w_-­
I , 

"~-"-----~... ,...~~,-"-~ -, 
, 
--- --.._----...--- --··1-

I 
...-- .--­

1---------------------_... - -·--·--i...- . 

NDE +300 SAMPLE 
RETAINED GRAMS 54.11 
RETAINED 0/0 8.945 
PASSING'Vo 99.871 91.055 

__ . ___ f _.. _•.•.•. 

I 
I 

fGRAPHDATA 
I-~---

+300 JUtl +150 JUtl + 105 JUtl +75~ 
PASSING 0/0 99.871 97.542 91.055 73.351 
TARGET 99 90.5 81.5 70 

I I I-.--.--..-~----

U10-MILL 

105.000 

100.000 ~~~~~~~[tt[tt[tt[tt[tt[tt[ttttttfu 
95.000 
90.000 
85.000 

I -+=PASSING '*'l 
80.000 I-G-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 IJm +150 IJm + 105IJm + 75 tJm 

J - 45 


http:luf.iiT:1--WlIl.ED


=_-~-~~~~~:~f~~~I~~l~~~~L~=~±~~~:~ 

UNIT: 1 __~_.___.________ .! ________.. !MILL: D_L________JTEST No : S 630: 15: 13h30______ 

! I j : i i 

-==:=~====~===i~====t====r=--=~~=t=~=·~=+_---~=

-_.,._", " " 

i 
i 

U1 D-MILL 

105.000 ::: 

1 00.000 ~~~~~~~tttttttttttttttttttttttt0ij 
95.000 
90.000 
85.000 -+- PASSING % I 
80.000 -B-TARGET 
75.000 

70.000 
65.000 
60.000 
55.000 

+ 300 IJm +150 IJm + 105 IJm + 75IJm 

J - 46 




iMILL TeST DATA 

~-.-------~+----

I- -----+-~ ~--"'"'---~.- f--------"'-~- ~-l~~-··"---------·--t-· 

UNIT: 1 [MILL: D I JTEST No: S 630: 10: 14h30 
! -<-t----~----·i i i ---­

i 

U10-MILL 

105.000 

100.00095.000 ~~$~~~~~~~tmj!tmjJrntj!tmq~ 
90.000 
85.000 -+-- PASSING % I 
80.000 -D-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 Ilm +150 Ilm + 105 Ilm + 751lm 

J - 47 



__~___.__~____-t ____.____~!Y1~LL. TE,S-r P~!A, III----. 

f--------------.-t--.-----.-}---. ---..-..-+.- -.. -..-.----. -I ...._.- - r-·-- -........ ....-. +-----------­
~---=~-=------- -+-===--·-r::~-=-~--.:~l===-=~t---.---.-.---!-·-~=~===t===~I

UNIT: 1_..._. ______._.. L........ _.____...lMILL: D. t ..________._lTEST No: S 630: a: 16h45.__ 

I I I I I I 

'·----~=:~=--·----=~~=~:==·-~I==-----===F--······-··-·--··--···F==---··=t------===~-==~:==:+===----= 

NDE I + 300f.IJ!!. L±!§C!E!!iJ + lO?J:I:D:I1 + 75 J.Ull I -75 JUl. I SAMPLE 

RETAINED GRAMS 1 O.lt! 1:331 4.531 13.~11 37.081 50.09 
RETAINElJ% 0.220 2.655 9.044 25.973 74.027 
PASSING % 99.780 97.345 90.956 74.027 25.973 

iGRAPH DATA 

.-------- I+ 300 J.Ull I +150 pmu I±105 pm j + 7§.f.IJ!l j---------+----I 

PASSING % 99.7801 97.3451 90.9561 74.027 
TARGET 991 90.51 81.51 70 

U1D-MILL 

105.000 :::::::::::::::::::::::::: ,:::::: ::::::::::::::::::: :=::::::::=::: 

100.000 ~~g~g~E~~~~rtggtt~:jill 
95.000 
90.000 
85.000 -+-- PASSING %[
80.000 [-t!I-TARGET . 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 ~m +150 ~m + 105 ~m + 75 ~m 

J - 48 



__ _______ ________ 

i !MILL TEST DATA .-.. --. - .......-...- ..--------L----.--r. .. . ..- .... ). "-'-' - . ..·..·T --, 

I I I, 

_~~ ~_. •••• 'W'__.~ ,_,_"."' ··t-----------------·,··'···'r--- ;-.. -- -- --f- .- ... -._- .._- -1---- ~--.----.- ....--.-­
I l . , J ' 

·===~--·""···__l~==~~~~=~~-~~t:--·--·---t~~_··~~~-~-:.l=_--~-~=-~r-_~~·= 
UNIT: 1_'___ '__ "~__"___'_"_'iMILL: 0 --f..-.-------..---fTEST No :IS 630: 5.5 : 15h30 __ 

i 

I=~=~=:m .....n·r·..·..·---··-r-.-- ..-·r-·····--·---·f---~.~-=--=--~ 
-~--NDE I+ 300 JWl I +150 JWl I + 105 Jl!!' I ...15 ~ L-}~ [SAMPLEm 

RETAINED ?RAMS 1 0.131 1.471 4.681 1U81 40.681 51.86 
RETAlN~IJ% 0.251 2.835 9.024 21.558 78.442 
PASSING 0/0 99.749 97.165 90.976 78.442 21.558 

··-·-I··-·---·--!·-·..---+--·---+----· 
.-----........--...-.-....-....... +-..--...---.--.-.~.--.......- .---.~.---..-----+-~.-.....---f------ -1-----·-·-1 

I 

IGRAPH DATA 
I 

+300 pm I +150 pm 1+ 105 pm I +75 JOn 

IPASSING % 99.7491 97. 1651 90.9761 78.4421....... ___ .. _) _____.___ 
TARGET 99 90.5 81.5 70 

i 

, 

U1D-MILL 

105.000 

100.00095.000 ~~~~~~~$~~tt4~jjtt4~d~ 
90.000 
85.000 

--.- PASSiNG....'*' I80.000 
1-D-TARGET .J 

75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 J.lm +150 IJm + 105IJm + 75 J.lm 

J - 49 



!MILL TEST DATA 

w_'""_ ••_-- -_of .............- .. ---. f······..··· .. - ... -..... +....... 


!UNIT: 1 iMILL: 0 i.... ___.__JTEST No :,S 550: 30 ~ i3h45 

.._.--.-....-.. .. 'r'-' 

NDE +300,...n +150 lUI. + 105 JUll +75 JUn - 75 lUll 1 SAMPLE 
RETAINED GRAMS 0.03 0.82 3.94 12.88 37.681 50.56_ 
RETAINED % 0.059 1.622 7.793 25.475 74.525 

25.4751------ ­PASSING % 99.941 98.378 92.207 74.525 

--...----.-----..--------.j-----.. -..---f ....................-... ---J..__._. __.__-j-_.....__._•... ,···------·-+·------·--·1 


iGRAPH DATA --L------f. \--- ____1I..·...... ·.....----- ..-·-·-·------~--------t··· ............ · .. ·---.. r·-···-·-·· .. 


.-----.....---- j + 300 JlIll i +150 lUI. I+ 105 JlIll I + 75,...n I ..·__··_+---·---1 

PASSING % 99.9411 98.3781 92.2071 74.525 
TARGET 991 90.51 81.51 70 

Ui D-MILL 

105.000 

100.000 ~~~5~~E~~§§§§§~~~ 
95.000 
90.000 
85.000 -1-PASSING % I 
80.000 -D-TARGET .. 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 IJm +150 IJm + 105 IJm + 75IJm 

J - 50 



-----

! ,MILL TEST DATA i i
---~"------l--'---~-r ..: ... T-----t-----t-­

.......- ..----.-.. --_............. ···-r·-·-··- ..- .... -····-T-······· •..................r' .- .-.-.-...-- ... -.! ... -. ·'--1 .-.......................•..... "r- -,.-.--,.-.-, 

"---.--.-.__....._._..._L.... _._.._._. ·.-.--1-.·-:--·....----.---1·----. .L.·_______·_______·~--------_-.-I·---­

I I I I i I 
UNIT: 1 ___.. ____~·==L----=-=-·--=]MTLL·:-D-=-l..~=--~.=~·.-=-=-iTeST No-: Lg.550-:-26·:'14h4·5-~= 

! i I I I : 
•.-- -~•.- ..~-.,-- ..-.---~--~ ..------~i _ .• -, ·--'··-·--~---r-----·------------" -j ---- ..---------------t- ._...._. _.,.--------...-t---- - - ~------ .1········---- ­

I I I ! I ' ~-.~------.-----~---L___~____+_____------.---f._-.~-~---- __ t-________._~_.+.------- ___;..-_____ 

Iii : I i 
·--~N-DE-----· I +300 JUI1 I +150 Pill I + 105 Pill I + 75.P'!1 I -75 JUI1 I SAMPLE I 
RETAINED GRAMS 0.031 0.951 4.11 13.81 39.691 53.49 

!;;;;R~E~T~A~I~N~E~D-~;...;;o--_+-~~+-~~~-_:_::_;.~+_.......;~~I____:~~----­

PASSING % 

.------------..--+---~---+---~..-~----+------- .. 
.- -~-~-- ..~'"., -. ,-, -:--~ -- -- ----.. --...-- ~---~"4~~.---.-----t__------~.- ~- ·--·--"-~-~·~,-·-4···--·--·-··- ----i--.~~.~~ --- ­

i______·_·~_!-G~!I_;P~T~H._. j.--.-.----.-..+.-.----..~.. +--------l 

+300 f.1DI I +1?! f.1DIl +105 f.1DIl .+ 75 f.1DI 
PASSING % 74.201 
TARGET 70 ..----..--.... ­

U1 D-MILL 

105.000 ::::::::::~::::~::::::: 
100.000 O;ttt"!~~~~E~~~~==±±~~~ 
95.000 
90.000 
85.000 -+- PASSING % 
80.000 --D-TARGETI75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 !-1m +150 !-1m + 105 !-1m + 75 !-1m 

J - 51 




! lMILL TEST DATA ! ,',···-,,·,·,'-,.--... ------i.--.-----r-·.' ,- ,"'" .. i-----T'---'" ,-------1------­
~ \ , I ~ I 

».-,.-,,---,,-·--·,--~-·-..·-·"-·~~~~·.·-:~1·~~·-~~.- -..",'.. ---.-.t. ..._..,.. -'" •• - '! - -'" i.. -- ..-....---~~~~---L.---.-----.-~~[~·~.--~~-~--=-~~~.~--
.. _ I I __ _ ___ ! __....__.___.. ! __i --_.- i~~ ~---- _____-L-____ ~_ 

UNIT: 1 ______.._L__________ .lMILL: 0._ 1..__ ._.. fTEST No : S 550: 22: 15h45,___, 

.-.....----..--·--·-------!-----·-f-------·---··~·------i----·-·--+------1------
--- ! t- +---·-----·---'1 

; I I !I 

NfjE~·---- I+ 300 Jun I +150 J,Un I + 105 J.Ull I + 75 J.Ull j -75 J.Ull ISAMPLE 
RETAINED GRAMS 0.04 0.88 4.9 13.08 40.02 53.1 
RETAINED % 0.075 1.657 9.228 24.633 75.367 
PASSING % 99.925 98.343 90.772 75.367 24.633 

I --,~-"" 

-·--·----·----iGRAPH DATA I I 
~-----.1----,.... -----.--- -- -.-----. f .•_--, ~------- --"--j"-' .._._--_ .. _......-_. 

PASSING % -_..._.-. _..... -_.
-'--'-'-'--~'-'--' 

TARGET 
-~-~~ .. -----­

U1D-MILL 

105.000 

100.000 ~E!~§~~;5:t~~±~~~±~~±2 
95.000 
90.000 
85.000 I • PASSING % l80.000 -o-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 J..Im +150 J..Im + 105 J..Im + 75IJm 

J - 52 



--

--

i :MILL TEST DATA I I"----.---....- ..-.;.-----------~_,.,. - ,- , --~_~____ ~l __ ~~_._n.__.______"'_________. 

1I I I I I 
<-----<--<-<-<-----<-<-------<~ <----- .. f---------< «-:<----- <1«-- I <---+----<--------<­

I ! I II!------.-<----------------- ----.+-<-- --~------. r---"--<---< --t-----·------- f---<-----< --'-- r ------.---<->-----.---­
I I I ' 1--- .. --.~--------------- .... I- .... ------«-.---<~.-..-·- ...-------r----<-·-··--r·····.. < ---........,< ...---< - -.. ----------. 


UNIT: 1 iMILL: 0 ;TEST No: S 550: 18: 16h45I 1 

---- -·-~:~:.::-~==::~<:-r=-~=: ~=~-:<:~---- --..- ---~.. :-=-.=~-:=~~~=:1<--..--- .._...1. _______<-<~-..---~~= 
! ! ! : ! !--<-- ..-- --....------·--..-f<-------------,----·---·--r..<--------<-r----------,----------j---­
l ! i I 

NDE +300 pm +150 pm + 105 "un + 75 1l1tl - 75 1l1tl SAMPLE 
RETAINED GRAMS om 0_81 3,85 12_99 37.39 50.38 
RETAINED % 0.060 1.608 7.642 25,784 74.216 
PASSING % 99.940 98.392 92.358 74.216 25.784 

! i 
·-t ._----­

._.- f--­

iC!RAPH DATA 

------~--~"---------.-

+300,un +150 pm + 105 pm +75pm 
IPASSING % 99.940 98.392 92.358 74.2161 
ITARGET 1 99 90.5 81.5 701 

U10-MILL 

105.000 
100.000 
95.000 
90.000 
85.000 

i -+- PASSING % I
80.000 

j-Q--TARGET
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 IJm +150 IJm + 105 IJm + 75IJm 

J - 53 



I IMILL TEST DATA I ! . ,-- .. -,I.. -.----......---.. f. '" .. r'" ",' r .--,---.--~--~--.--+-----..-­
I I I I i I 

.. -,,·-1--------- -.--- .-.-~-.-.--- -.- -_. !. "'.~--.-~---------.•.. : -._- -_..+....-.-.---.-~ -_..-_._. ;..- -----.--- -~--
i i ; I j 

-- ._. ----------·t---·,,·- - '-,---"" , --t .. ,_....,\......... -··"-r-··· ....,- ·-1"------' 
liNlt':-i,-----·,·---·,-f-- iMILC:O-1--'-'-'--tTEST-No-:-~550 :14':2oh4s-­

-..-----,,-- .·-~-l· ----~~I, "'···-,·=I:~~:·····~~~=l·----,-·---~---------1 .-. 
, I I : I"------'----"'- .. -.-~-----:~--~-r_-- i-------'·r----+-·-- ­

-----NliE---------·1 + 300 JUll I +150 JUll I + 105 JUll I --t- --I:;:' JUll I - 75 JUll SAMPLE 
RETAINED GRAMS 1 0_031 0_791 3.75 l2.65 37.52 50.17 
RETAINED % 0.060 1.575 7.475 25.214 74.786 
PASSING % 99.940 98.425 92.525 74.786 25.214 

T ________. ____ .._L 

GRAPH DATA 
- -·f-,,,,,·-­

+ 300~_I_""1S0JUlI +105~ +75~ 
PASSING % 99_9401 98.425 92.525 74.786 
TARGET 991 90.5 81.5 70 

-_._­

U10-MILL 

~ ~~:~~~ ;;;g;~; ~ ;;~; ;;;g;;;;;;;;; ;;; ;;;;; ;;;; ;;;;;;;;;;;; ;;; g;;;;~ ;;;;; 

95.000 

90,000 

85.000 -+-PASSING % I 
80.000 j-D-TARGET 
75_000 
70.000 
65.000 
60.000 
55.000 

+ 300 IJm +150 IJm + 105IJm + 75IJm 

J - 54 




, lMILL TEST DATA I i 
--··-·.··--·---+·-·--·-----t·· ................ i····· .... ; ....---.----t-.-- ··------·-1---·---··-·­

I I I I I 

~:~==~:=~i~~~~~~t=-===l--- ~-~ 1:-:- ::_l=~-_=J~~=-­
UNIT: 1 . __ ...... !.__.JMILL: 0 _.J .._.... _ .._.__1TEST No: S 550: 10: 21h45._. 

i I I I I I 
·-····L=~~~:~~~i~=-- L~ -.-....---.-!......-····__·-t·--·--·-i---·---.­

t ! i I 
NDE + 300 pm I +ISO pm I + 105 pm I + 75 pm L~ 75 pm 1SAMPLE 

RETAINED GRAl\'lS 0.031 0.851 3.781 13.121 37.121 50.24 
RETAINED % 0.060 1.692 7.524 73.885 
PASSING % 99.940 98.308 92.476 26.115 

1·_·_··- .................. --.. 


-------.----. ­
PASSING % 
TARGET 

--~~----~----,-- ---_._.-­
. 

U10-MILL 

105.000 

1 00.000 ~;tr~~$~~jt~~"ttf:"ttf:"ttf:"ttf:"ttf:~M1
95.000 
90.000 
85.000 -+- PASSING % 
80.000 

-D-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 IJI11 +150 IJm + 105 IJm + 75IJm 

J - 55 




=-=__~~_~·__==~_~__:~_=~J~~~-r-:fS~~~~ATt_:_j~-=----=l -- _~ 

·l~- i j I I I ..... -._.___ ._ .._______1-_.__-.-__...... __.....__........_____.__..-/ .......___ .. _._... ...___-'._._ ........._. 

UNIT: 1 ________ -i ...... !MILL: 0 _ ...L.__.___.lTEST No: S 500: 31 ;09h15 . 
j I I . i I

~~~~:~~==-'---_...~·t~~~:.=.=-~~l==.:~:==~~=r====i=-=.~==L· ···-····..···-··1··-·--·-·--­
I 1 ; I I 

NDE 1+ 300 ,.un I +150 pm I + lOS ,.un I + 75 ,.un I .. 75 JIDl 1SAMPLE 
RETAINED GRAMS 57.19 
RETAINED % 
PASSING % 99.8251 97.5701 92.0621 76.8841 23.1 16 

I 

lGRAPH DATA 
; 

...----.--...-.----- ._+-- '--'-----'''r .. ", -r- . - .... ·1 

+ 300 J.Ull I +150 J.Ull I + lOS,.un I ±-75,.un ----.... - i------I
PASSING % 99.8251 97.5701 92.0621 76.884 ........__. __ ......__ \____ .m. 


TARGET 991 90.51 81.5! 70t ____..j___.___. 

I 

I 

..+ ....--- ..---- ........I-.. 


U1 D~MILL 

105.000 ::::: 

100.00095.000 ~$~~~g$~gtm~m~j]tm!mm~m1~ 
90.000 
85.000 -+-PASSING % I 
80.000 I-D-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 IJIT1 +150 IJIT1 + 105 IJIT1 + 75IJm 

J - 56 




i iMILL TEST DATA : ! 

-=~:===-=-- ... -.- -. J~=--F-=---l--~:-=~=~E-==l=-==~=~~== 
UNiT~~~~±=_~~]MIi.[:-D-.:i-~----.~=____ j TESf-NO}S-500-:-26~1-hOO-= 

I I I . t I I-=~~-.~=_=.=_-~=~-.:--.-l-.- .. ·····--·~-=~~===······r-=-~=+--------"··-·-··-···--....-: 
I I I 

NDE + 300 ,.un I +150,.un I + 105 JUll +75,.un -75,.un I SAMPLE 
RETAINED GRAMS OJ I 1.341 4.63 12.04 43.791 55.83 
RETAINED % 0.179 2.400 8.293 21.565 78.435 
PASSING % 99.821 97.600 91.707 78.435 21.565 

-._--...._- -------+...-------+.------+--------+ _...·_-_·..._+......_---_·_·_-_·-+-------1 
-·---·····-·---f ----·......---·-+--·---1 

··----_·_...__ ·+ ...------1 

, tc;RAJ>~.DATA
----····--,.~----------r--·--·-----

_________ ...._._____h ____ 1+ 300~ L+150,.un I + 105 JUll L+ 75 PI!! 1-----.-..---- 1... _------ ­

PASSING % 
TARGET 

U10-MILL 

~~~:~~~ gg~~~~~~~;~~~;~;;g;~~~~~iii~immm mi m~; 
90.000 

85.000 -+- PASSING % 
eo.ooo -G-TARGET 
75.000 
70.000 ~~~~~~~~~¢~~~~~~~ 
65.000 ~~~~~~¥:¥:¥:W:+~~~~~mtml 
60.000 
55.000 

+ 300 J.lm +150 J.Im + 105 J.lm + 75J.1m 

J - 57 


http:L+150,.un


-----

_______________J~____LMJ.L..~ T~sTI?t\TA ______J l----.-­
, , I I , 

I ; I : I ; 
---------- i---I-{---'--- ----i---- ------r----I ­

~';;~~::=~~:-·.!=~=f~,~~::t-::::~--~ 1~~~~~J~:~~~:;a:-;~~:: 

i ! I ! I i 

-- -----.--- -l.-------- -----...f---·---- --.------ !--.. -... --.-------.!.. ...--- ----- --!- -f-------· -­
I : I ' , I ._._.______ . _______.___.____...L_______--.L__.....______.. ;--·-------·---7-----------. t--------r-I----I 
I I I I I I

------Nilij;----- SAMPLE 

RETAINED GRAMS 0.11 1.311 4.421 13.281 40.151 53.43 
RETAINED % 0.1871 2.4521 8.2731 24.8551 75.145 
PASSING % 99.8131 97.5481 91.7271 75.1451 24.855 

._- _...,.- -------t--'-"- 0 _. ~~ t-" i--·-----­

1----­

______~---------~.G~H_1 J)~.IA.____+---.--- ___+_ 
---~.-

.-.---..-----------, + 300 JU11) +150 J.Un 1+105 J.Un I + 7~J.U11 1----·--:--------1 
PASSING % 99.8131 97.5481 91.7271 75.145 
TARGET 991 90.51 81.51 70 

f-- ------.~-.----~-------.~---~-r-------______j 

U10-MILL 

105.000 

100.00095.000 ~~~mr~~E~~tt~t!ill12mt!ill1q~ 
90.000 
85.000 I-+-PASSING % 
80.000 -D-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 I-lm +150 I-lm + 1051-lm + 75 1-lm 

J - 58 




1 !MILL TEST DATA ! i----------------.------------------ ..', -----------r----------t- -.--~----
I I I I 
I j I'-- --------!- I ~--.-.--.j-' .----.-- --~--'T---------

, I j I f------------------~---- ~ -. - --- --- --. ----_. r--------- --- 1- -- ---- --.------ --r- -----------\- - ---------­
L f------------.--!----·--- -f __._--'____ .. _ ___ _____1____ _ 

UNIT: 1 i :MILL : 0 1 ITEST No: S 500: 19: 13h15----j- - - I --- - i ,--- ­
, ; I I I--·_----·-------t---- --._--- ... -----.-y------.-----.--(--------- ­

! I I _...- --- ----------~~. i --~ ---·""-"-l~~-·--~-···-·---~i-·~---············· 
i I I 

SAMPLE 
RETAINED GRAMS 52_95 
RETAINED % 8.555 24.193 
PASSING % 91.445 75.807 24.193 

PASSING % 
TARGET 

U10-MILL 

105_000 
100.000 

95_000 

90.000 

:~:~~~ 1~;;;;;;;;~;;;;;;;;;;;;;;;;;;;;;~;mrmftft#H#llftTIffif;mlli I=:=~:!~~~ % 
75.000 

70_000 

65.000 
60.000 
55.000 


+300~ +150~ + 1051lm +75~ 


J - 59 




-----

, iMILL TEST DATA _i __________L-____~_--.... - .-- .. - .--- --------- "---1 ! 
~--~--. ­

I 

r------ -i------·-·· "-----;------.-- I 
~-.---w--_t_.-.------

, I, 
____.J_ .,._ ." •.. .1.____. _~ _~~_____ 

UNIT: 1 jTEST No: S 500 : 16 :14h15 

, ! _ i 
---------------,- ------ ----;-----------,----- -------;------- -~~~~~~=-[~-~~~_~,_1-=-=-== 

! ! 
I I 

NDE SAMPLE 
RETAINED GR<\J\JS 52.46

IRETAINED % 0.1521 ~..nl '-~'~I ~."~vl '~.wvl 
PASSING % 99.848 97.846 

---------·-------------------f---·----·---c--·---·------.+ __________ L. ______ . _______!____. -_.- ··___-'-______1 

------- 1_______________ +______1 

PASSING % 

TARGET 

__ _____ w___••_~___~-~-_ ••• ~__--.---.~-w~--.. ' ------r- ---~-~----'----

U10-MILL 

105.000 ::: :: :: :: 
100.000 .. .. .. 

9S_000 E~~~~~~~~~~~~~~~±~ 
90.000 E:.;.g;~~~~~~~~~~~~~~~3 

6S_000 I-+-PASSING % 
60.000 i-0-TARGET 
7S.000 F:.:..:..:..:..:..:..:.~:.;.g;~~~7.7.~~~7.7.~:_::::~~~ 
70.000 F:.:..:..:..:.:.:.:.~~~~~_:_:_:_:~~~~~~~~:7?Ii;l 


6S.000 F:.:..:..:..:.:.:.:..:..:..:..;~~~~~~~~~~~7.7.~~ 


60.000 ~~~'-'-=-=-'-'-'-'-'-'-'-~:.:..:~:..:..:..:_:_:::_::~:_:::_::~~~:..:..:..:_:_:::_::~~ 


5S.000 

+ 300 IJm +1S0 IJm + 10S fJm + 75 fJm 

J - 60 



-----

__________._____._____L______LM.IL~ TES,. .. _t?~TA __ --------.J---- ..-..--J.__________ 1 
; : ! I 'I 'I
1 l I ! i.----- --- -.- -.-.-- .---------------r-----.-.. -----.- . ! !.-- --..-.. -.- ---- -"- ,- ----.-- r- ----------------1--------- ­

-------.----------~-----.-----~---+--. ---.---.. - --- +-.---~- ....__._-_._.._+... --.;~--~-------~.- _·_--+·_----·----1
I ' ' I '--- -...-----...---.-- ----------r- ... ----.---+--- -. ______..____L _________ --- --l--- .-- ------ -_____ J_ ---. . -. . .. - ­

UNIT: 1 -.--.-------1------------1 MILL: 0 __ 1______ ____ ?EST No : IS 500 : 11 ; 15h30.___ 

I---·~=~ ____~~~==~.~~J=~~==-=-_=t=~=~~.=:-j==_~====_t.=-=~~=.-===l=====t=~==

! Iii I I 

"---ND~----I + 300 fJllI I +150,.un I + 105 ,.un I + 75 ,.un I -75,.un I SAMPLE 
RETAINED GRAMS 51.27 
RETAINED % 
PASSING % 99.8631 97.5421 91.3011 74.9371 25.063 

,.-----------------.-----f---------- f-- -- .... -~-----------------~ ,-----~ .--- -----!---- -~--~ 

----- -_.. _---- ­

IGRAPH DATA! --------_....-1----. ~.-- .__ ._- -" -.- -----f--­I 

+ 300J:I!!1 +150lll11 + 105 f.UllL:+- 75.fll11 
PASSING % 99.863 97.542 9~~~~1 74.9i~I-----··_I--.. --------·,
TARGET 99 90.5 

U1D-MILL 

105.000 :::::::,,;:: 

100.000 ~~~§i~~ttttttttttttf:tf:tf:tf:tf:tg 
95.000 

90_000 

85.000 -+-- PASSING % I
BO.OOO 

-a-TARGET 
75.000 
70.000 
65.000 
60.000 

::::::::::::::::;::::::::::::::::;: :::::::::;~ ~ ~ ~ ~ ~ ~ ~;~;;~;; ~~~ ;~~ ;F~ ~ ~ ~ ~~ ~ ~;~55.000 
+ 300 fJm +150 fJm + 105 fJm + 75 fJm 

J - 61 




------

· !MILL TEST DATA , 
-----.---~--.--.j--- .-.... ---1'- ..-- ......-.... . i .. ........ '1"...·-·------r--­
--:.-~----------L~·~=~~.:J~~~~=--:j~.---L--- .. -~----.1..--~-"- ------t----------··---­

! I I \ I 

UNiT:-1·-------=-=~·---t------·tMILC:D-~t==_~...-·:-TESr-N·o-/S4Sci:-2S.5 : 09hOO'-=­

'==----=:~~~-=-== .~.. :=) ·:=~~=--r----:~=~:j::~~===~=tI..·----~:--·- ···i-==~=t--·-------- I
iii 	I I--_._--NDE--"--"-I + 300 JUIl I +150 J.U1l I + 105 JUIl + 75 JUIl I .. 75 JUIl I SAMPLE 

RETAINED GR.<\MS 0.031 0.871 3.611 10.711 48.611 59.32 

RETAINED % 

PASSING % 

~--~~------~--~~~~~~--~~~--~~+-----~--------

,._-----_._._...... _---_ ..__._,..-. 	 -~~-.i-- --------t-----------·I 

- --·----·--·-·--t ----~-~---. 

I~--·--·----·-·------·---·· r---------·t-·-----~--~--i..-----·-__4-·-----~--1~-------_t-~-"-~~-------

'GRAPH DATA ! I
I 	 -----1·_· .... _···_· ..··· ~.................---... - ·+··--·---~ ..-··..·--i 


~---.---.------~----j + 300 JUIl i +150 JUIl I+ 105 JUIl I + 75 JUIl i \-----·---1 

I	PASSING % 99.9491 98.5331 93.9141 81.9451____.___"-____1 
TARGET 99 90.5 81.5 70 ' 

U10-MILL 

~ ~~:~~~ ~~~~~~~ ~~ ~ ~~ ~~~ ~~~ ~;; ~~;;;;; ;;;;;; ;;;;;; ~ ~;~;;;;; ;;;;iii;;;;;;;;;; 
95.000 
90.000 

85.000 	 ............. PASSING % 

80.000 	 -Q-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 !-1m +150 !-1m + 105 !-1m + 75 !-1m 

J - 62 




__._.._..__.__.__.-L____J~IL~.. IE:,§IQ~TAJ !Iii : I ---\,-- ­

~-~~=~---~~-~~~~~J .·.·..~·.---L==~~-~~~~-.l.-.~~.~---.. j ..........-.J---..--.~J-..~~~=~~=~~~~ 

, I I Iii. -....-.-.------. --r·.._. ___~L. . --- - 1__...- .....- ...- T···· .. _ .._ ......L ...•....... ....• L -.-... 


UNIT:1. __ .. __... _, ___._]MILL:D L... ..lTESTNo:S450:25.5:11hOO 

i ! : i I I 
.__ . ____.... -_.~J=~=_~=.__ =~L~=.~~=_=·.~~~-.. .r ...-.-- ...--1-.-------.. -r-·-==­

1I I I 

NDE 1+ 300 JJnt I +150 J,UU I + 105 JJnt I + 75 JJnt I - 75 JJnt 1SAMPLE 
RETAINED GRAMS 56.62 
RETAINED % 
PASSING % 99.947 98.658 94.490 83.204 16.796 

.-.--... ~-. - ---_._------ .,. -.-..,-.~ 

I-·---~-"....-- - -,-.,--~---- -----.--.,.-,-..-~. ---...---...-~.. -.-- ·-·_·1 

IGRAPH DATA ,I .-------..-.--..--.-.....---j -- _ ...... - .... -.+ ....................,. ... ......-. . ..;-.-_.. ---.-. ···t------l 


--·······---------··---1 + 300 pm I +150 pm i+ 105 pm I + 75 pm 1----.---+----1 

PASSING % 99_9471 98.6581 94.4901 83.204 ··- ..·_-----·1 
TARGET 991 90.51 81.51 70 

i1-----­

U10-MILL 

105.000 

100.00095.000 ~~~tt1iiEiW~~~~~~~mJtill~~~~ 
90.000 
85.000 

80.000 I-m--TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 IJIll +150 IJm + 105 IJm + 75 IJm 

J - 63 



;MILL TEST DATA 
--------~---"-----+---.~--.~----t_.- ..-- -- ---~--.. - -- _. --~ ~.-"" ... --------­ 1-1-­

! i i tIl 

-::=====-==:{-=-=--~~1---~--j-=~===I~--~F-::-~-:l- .....­
UNIT: 1_... .. l .. ... iMILL: 0:. __ iTEST No: S 450: 22.5 : 15h45 . 

I , : ! I : 

~===----......·---t=--·=""'~~~L.---.~~~-. i'~--~=~::t--~~~·:~=1===t· ..--== 

! j I 1 I 

----·---·--NDE--- I + 300 ,.un I +150 J.Ut1 I + 105,.un I -t- I!).fI!l.l_ -75,.un I SAMPLE 
RETAINED GRA ..MS I 0.021 0.731 3.03 9.64 44.33 53.97 
RETAINED % 0.0371 1.3531 5.614 17.862 82.138. 

----;
PASSING % 99.9631 98.6471 94.386 82.138 17.862 

-------.-- - ......-_.--;..--- --..... ·.. _-_·_--1 
ii i .-------.--f- ..-- --I 

.----~.----~--

..___.______• __.____tIl ' 

+ 300,.un +150 f.lIll. + 105 pun + 75~ 
PASSING % 99.963 98.647 94.386 82.138 
TARGET 99 90.5 81.5 70 .. _ ­

U1D-MILL 

70.000 
65.000 
60.000 
55.000 

+ 300 jJm +150 IJm + 105jJm +751Jm 

J - 64 




---~-------------4-----------t~'~!---!~[ST .. I:?~!~ ---~-- ---+1--­
-~~----------~-~~=~~==-'-r--------1:~--=~=~=r---~--------r-~:~----- -T----------,
--·----·-----------·--··r----------.--. -' -··--··-------1----·----____/ -... ... -.- ---.----- ---- --------.-.-----­
UNIT: 1 ... _. L ____ _[MILL: D i __ __ jTEST No: S 450: 19.5 : 16h45 

. . , , , I 

I =~=~~====~L_____=~~L=~~=_=~~=J=_-~=_=~=i______ .·····--I-----------------t-------·······-. 
i I ; I I 

NDE +300 p,un +1S0p,un I +10Sp,un I +7Sp,un I -7Sp,un 1SAMPLE 
RETAINED GRAMS 0_02 0.711 2_951 8.611 44.31 52.91 
RETAINED % 0.038 1.3421 55761 16_2731 83.727 

IPASSING % 99_9621 - 98.6581 94.4241 83.7271 16.2731_____1 

IC!RAPH DATA 

1------· I+ 300 ,un I +1S0 pm i + lOS JD1l I + 75 JD1l i . -i 

PASSING % 99.9621 98.6581 94.4241 83.727 
TARGET 991 90.51 81.51 70 

U1 D-MILL 

105.000 _. _________ .____ __ ___ __ 
100.000 :::=:::::::::::::: ----- :: 

95.000 
90.000 
85.000 -.- PASSING % 
BO.OOO --lilI- TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 J.lm +150 J.lm + 105 J.lm + 75J.1m 

J - 65 



i [MILL TEST DATA · I 

1··_·,~~-==~-------.~~-~-~=~--~L=~i-==J=-~=~~~-~=-1=~~ ---,

UNIT: 1_ _._.L_. ____ lMILL: D_L._.__ .___JTEST No: S 450: 16.5: 17hOO 


i ! I i I I 


·~~---·----·-------·--f·~~~-·==~~~-~--T-~~·~~=-~~~=·i---------.r=~==---r·------!--
.---.----- I + 300 pm I +150 J.Ull I + 105 pm I + 75 pm I SAMPLENDE j -75 pm 

RETAINED GRAMS 0.031 0.81 3.471 10.011 46.651 56.66 
0.053 1.412 6.124 17.667 

99.947 98.588 93.876 82.333 

---'GRAPH- DATA 

PASSING % 

TARGET 

I··-----~ ----1--------.,-.. -.-----f------- ­

1-:-.= 

U1 D-MILL 

105.000 

100.000 ~ 95.0001.. ~s~]iiW~~~~~~~1w.E~~~~ 
90.000 

85.000 -+- PASSING % I 
80.000 -G-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 E:..:.:.:..:..:..:.i~~~:..:..:..:.;~:':"O":''-'..:.:.::.:.;..:.==.:..==~= 

+ 300 IJm +150 IJm + 105 I-Im + 751-1m 

J - 66 



--

_______ _ 

.___________~______.___ jllJ1lL.L. -rl:s-r DJ.\'T~ ____________+_____ -L___ 
! I I j i I 

--~--------~--.-.-... ---------;" --. ----··-···------i-------·--··--·--~--i-~-,,--·"'--·---~-'w-'_, ! I' - '-------'1'--------­
1 ! 1 I !----------------- ----._..-._--.. f----....-- --.-----!--.------- ..... - ----- r--------------- .. -: .. - - --- ..-- .. --- t·· --..-----·--1..··- -----~----

--.-. -.--____________~+--.-.---.---~-. -----...-i--- ....------.--. __ ...1. .... .____ L. __. 
UNIT: 1 ; ,MILL: 0 ! ,TEST No : S 450: 12.5 : 19hOO 

1---- --.\--- --1.......- ---.: r -.:.---------~---------.---~----------~ . 

r • r I . I __ !._____ ,_L~_.______.__l~____.. __~_~~______ ~L______._~.----f---·- .-------.------. 
IiI ! ! I 

I : 1 I ! I 
----..... --NDE-- --'--1 + 300 JUll I +150 JUll I + 105 JUl} I + 75 JUD I -75 JUD I SAMPLE I 

RETAINED GRAMS 0.031 0.871 3.611 10.711 48.611 59.32 
RETAINED % 0.051 81.945 
PASSING % 99.949 18.055-! ------------1 

I 
I .. __.. 

i ,
t, ,_.",-•. ,._,..•- .....•• "I", 

i ! 
-- ---..--.. -,~"- "' ~'---~------'--~1 

1--- . -.------.---'-..- .. -----~.- ....--.. --.-... -t-·-·---·--------·---·~------I 
'GRAPH DATA : I I 

. t --- - - _.. . 1-'- - - _. - .. -- !---·---·--·1-·-..·..·-----+-·--· 
---·----..-1 + 300 JUD 1+15oP!!iI ::':l()~ p.utlml..-::':2[,Uil:J---- ·-----r-.. ----­

PASSING % 99.9491 98.5331 93.9141 81.945 .___ .. __ ...___ +._ A 

TARGET 991 90.51 81.51 70 

j 

.----.~-..--- ~-------~--~-.~~---.-.--.---j--~ --·----·-·--·-i-------------·-·r .---.------i---------+---·---I 
1------· 

U10-MILL 

~~~:~~~ ~~E~~~~g~~~~~~~~ ~~ ~~~~~~ 
95.000 
90.000 
85.000 
80.000 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 (JITI +150 11m + 105 Ilm + 751lm 

J - 67 



i !MILL TEST DATA 
""-··--··-·------------+-----..~--r· --..... -........ ­

! j 
I 

I 


-~-,-

,------.-....---- -----._... 
UNIT: 1 MILL: D iTEST No : S 400:34 :- 09hoa . , , ,

; j

I 


~ ,~ 

....._,------­ " 

-.~-----~- - .. ----.--~~.---., 

NDE + 300 f.UJ1 +15OfUll + 105 pnl + 75 P!!IJ __ -.I~_~ SAMPLE 
RETAINED GRAMS O.ll 1.62 4.76 11.851 38.8 50.65 
RETAINED % 0.217 -. .- _I 9.398 23.39611_.- .. , 3.198 ---- -I 76.604/ _____ 

-- - - --- --- 23.396PASSING % 99.783--- 96.802 90_602-- 76.604 

I- ­ i _ ._-----_.. +-_._- ­ ..-~--. 
I 
I 

;~RAPH DATA 
1-·---- -_.*----*--­

+ 300 f.UJ1 I +150 f.UJ1 I + 105 f.UJ1 I + 75 J.Un 

PASSING % 99.7831 96.8021 90_6021 76.6041


99 90.5 81.5 70 .-.---.---...TARGET 

! 
---::::::i=.­

U10-MILL 

105.000 

100.00095.000 ~~~~~~~~tt1j~~?t~~~~?t~~ 
90_000 
85.000 

-*-PASSING '*'... 'I80.000 I-m-TARGET J 
75.000 
70.000 
65.000 
60.000 

55_000 


+ 300 I-'m +1501-'m + 105 pm + 751-'m 

J - 68 




-----~-~----------t_~-------+IV1~bL:. -!l:i~!·····Q~!~--------t-------t------
.. +----.--.- :-. --··--·t-· -.. ·--·------·i--- -.-..- ---.- !---.- .-------. --·--··r·-·-------------­

.__ .__________ --------j==~--~--~~:-=r~--------- f--~-~~__=:=j----.--_-::- -~j----------- --:C~=------
UNIT: 1 _ JIMILL: 0 L ____;TEST No: S 400: 30: 11h15 

j 1 ! ~ 
I - - ~---,- -, .. t~,~-",-~- ,~----,,~,t-·-----~ -.- --_.__.--_.}- -_..,---- ..._.., ~ }_. -_.- - _.. ~.~.~ -. _N. r ...~.-.... ._.' ,- --.~.~ -1-"' .-" 
______________~___.l.__~________L________.__._...._. _.1. ____._____._1___.____L____--L____~ 

: I I ! ! !-----------.-.--.---.--------t--___---i-___---i--__--i--__--r-___---'!~~=~ 
NDE + 10~ Ilfll. 

RETAINED GRAMS 0.11 1.111 4.041 11.351 38.531 49.88 
RETAINED % 0.2001 2.2251 8.0991 22. 7551 77.245 
PASSING % 99.800 97.775 91.901 77.245 22.755 

f-- ­
:~RA.PH DATA ! 

1--·--- ··-1---------·······, 

---.---------------nL±1:!!9_~+1~9~ t+ 1~) ....~~~_ i ------1----------1 
'-' f--··----I 

PASSING % 99.8001 97.7751 91.9011 77.245 -.-.--------- t·---··
TARGET 99' 90.5' 81.5) 70!..__________ .f________.__.1 

U1D-MILL 

105.000 

100.000 ~~~~~~jfujfuTIt0~ffjfuTIt0~ 
95.000 
90.000 
85.000 ........... PASSING %, 

80.000 -m-TARGET 
75.000 
70.000 
65.000 ' 
60.000 

.:::.::::.:.:.:.:.::;::.:.:::.:::.:.: j:':':':':': :::::.::: :.::.::: =:,::::::':::':'::;::':':::::':':':55.000 
+ 300 IJm +150 IJm + 105 IJm + 75IJm 

J - 69 




I 

___________'________ TI- __--LMI~~ __T§_ST__ D~!~.____.___L-----l----­
, I I 'I ' I I"-,.-"'-"-,'--.-,--.,...," '.-- "['''''''' ,.. ,"+,.. ."; ''''--''-''''T'''''''''f'''' -'''-'-'''''--

I 
J 1 ! I I 

- ~ ---.•. ----- - -.---.~--,,---- - .• --------- ... - T--""~ --.-.--~------ t··_- ..---"-.-~-------.~---.-..-..-..~-.. ~ ~ -- --. - .. f --- -- ---- -- -----, -t---.•---.-----.--1,,--­

-_._- ---··--~------·-------+-~----1-· ,. -~-·~-·----l·-·---~,,~-----,-" ,i--.--" ..,._._.... ___J.~_ -... ------- .- ,L....~- - _. -­
UNIT: 1 "" __ , ....,' L_m.___ " ...... jMILL: 0 __ 1."., ITEST No: S400: 26: 13hOO 

I 
m 

I ! I i I
-,-,.,'-- ""-:-L==-~~~=t==:=------,--"l~------~=~~=-r"'" ~_~':~~=_===::r "m ____' 

: I ' I I 

------NDE----' + 105 J.Un SAMPLE 

RETAINED GRAMS 0.121 1.421 4.661 11.841 43.0 II 54.85 
RETAINED % 0.2191 2.5891 8.4961 21.5861 78.414 
PASSING % 99.781 97.411 91.504 78.414 21.586 

---,+-,.-...,-.".,----,--i- .."m""--"-,.-;,--.--------,,--!--.....,," i-- ·1 

.; -~-···-·--·--·---'"-·l,--·-~·-·· ----"~<---+ .. ------ ­

1,_,___.______~9RAPH :DATA._. 

+ 300 J.Un I +150 J.Un I + 105 J.Ull +75Jl11l 
PASSING % 99.7811 97.4111 91.504 

TARGET 99 90.5 81.5 


._."____,___. ____L_,,, ,.,f----------j---. 

U1 D-MILL 

105.000 :::::::::::: 

100,00095,000 ~~~~~~~@~~~~~~~tm~~E­

90.000 
85.000 -+- PASSING % 
80.000 ...-..{!J- TARGETI
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 lim +150 IJI'Tl + 105 lim + 75 lim 

J - 70 




MILL TeST DATA 

NDE +300 SAMPLE 
RETAINED GRAMS 49.1 
RETAINED 0/0 0.204 2.383 23.238 76.762 
PASSING % 99.796 97.617 91.731 76.762 23.238 

..._-_._.""-,--".""-------- - .-.- .----­

__ ...._._ .... _+. _ ..____!.~~H Dl\T,A..+ 
-------.-- j + 300 pm j +150 pm i+ 105 p.un j + 75 p.un

I	PASSING % 99.7961 97.6171 91.731 1 76.7621 ___.~_._.,.---... 
TARGET 99 90.5 81.5 70 

1--... 1-..·- ­

U10-MILL 

105.000 

100.00095.000 ~~~~~~~~~~~tmimm~mlimtmE 
90.000 
85.000 

80.000 	 1-0-TARGET 
75.000 
70.000 	 .. 
65.000 	 ;; :: 
60.000 	 :::: 
55.000 	 ­

+ 300 !-1m +150 !-1m + 105 !-1m + 75 !-1m 

J - 71 



~-------~-.-~.-- ----~t-----_+~~~LTE:JS"L P!\T~ +----~-+-i- ­
~··~---·-~~~··-·~--··-----··-------l,- '-------~-·---··--·i· ---~.-~". I..· I .. -...~ .. ,-- "j -- .1

I II i I 

~~~_~-~:_-~Li~t;~:}------~q~~~f~;~~t;~~-;

' I I I I i I

·------NIJ"E-----·--I+300llD11 +150 ....n I +105 ....n I +75f.Ul1 I ~751UJl I SAMPLE 
RETAINED GRAMS o. II 1.41 4.671 11.931 42.61 54_53 
RETAINED % 0.1831 2.5671 8.5641 21.8781 78.122 
PASSING % 99.8171 97.4331 91.4361 78.1221 21.878' 

---------,~--,--·,~----··--+~~-------r·---· ..··-·--------t,--- ­

-.-...-.----..--..-....- .. -- 1·--, .---.--+...--- .. --------.. , ....- .._,--- .-------+---- --- -...·----1-- ..·-·----··....1--·----1 

iGRAPH DATA 

+ 300 ....n I +150 p.un I + 105 p.un I + 75 pm 
PASSING % 99.8171 97.4331 91.4361 78.122 
TARGET 991 90.51 81.51 70 

f·--·----- ----.---..------+---------i---. -----I....·----·---~-..- ..---------~-.-,----

U1D-MILL 

~ ~b:~~~ ~~i ~ ~ ~ ~E E~~;;;; ~~~ iiiE;;;;; ~; ~ g ~;~;§;§;EE;~ g~§;;§;; § § § ~ §E E§ §§E;§ 

9S.000 
90_000 

8S.000 -+- PASSING % 
80.000 -t::l-TARGET 
7S.000 

70.000 

6S.000 


:~:~~~ EEEl mgi; EE iii g;g; Ei EiggiE§§g§§ §ii §i;m; iE §EEEE :gig Egi Ei i 

+ 300 IJm +1S0 IJm + 10SIJm + 7SIJm 

J - 72 




.____._JIVIJ.~l. TEST DA T A_.____ .___ ,. ______~ __L _________ 
I: I; 
,I I ---f-­
iii 1

1--.. -~l ,--- +,---~.. ~---- .~- .--,,--~------ ~-- !~~--- -----~-.~--t_--~-.------t___----.---

iii I I IIJN'ir'-:1------~~--c~-- -~---~~----!I\lili.L· :'--D~-1'"--"-~---rTESTN'O:H-63o:21-:-1-1-h45 

----.-..---:~==.~:·=~.-:~-~.-.-.-!--~=-~=:~=~=1---.--=I=~=~~~~=-~-----'-'--4------'-~------­
; 1 1 I ; , ________.______.. __________ ...L ______ ___._________ ___1 __~_________...L______ ..____.J__~____L ____I~_L 

! r ! I ! I
--------NDE------· SAMPLE 

RETAINED GRAMS 0.111 1.231 3.431 8.291 41.61 49.89 
RETAINED % 0.2201 2.4651 6.8751 16.6171 83.383 
PASSING % 99.7801 97.5351 93.1251 83.3831 16.6171 ______.. 

: ; ! I 
J -- -- -.--.-------.- -t--------r---~~--~}~----

I I i
1--- ------1-----....-----..-....· .1--- ..-------- --- +.----­

, I ' 
;-.. ·------1------------, I 
I 1 

iG:RAPH DATA 

1-----------------------1 + 300 pun i +150 pun I+ 105 pun I + 75 pun -II 

PASSING % 99.7801 97.5351 93.1251 83.383 
TARGET 991 90.51 81.51 70, ______-+__----i 

I 

1 

U10-MILL 

105.000 

100.00095.000 ~$~~~~~~~~~@~#t~!m8~I 
90.000 

8S.000 

80.000 
75.000 
70.000 

6S.000 

60.000 

S5.000 


+ 300 IJm +1S0 IJm + 10S IJm + 7SIJm 

J - 73 



____~____________________ ______ ~_+rJllL.L .!~:~"PA"~. ________+=I _________~-----
- ~---~~-.~.-~~ ••- - ~.---~----.--~ - ••_-- ~--. w ,--- -- ---~ ~------l- --.~.--.--. ~--~'---' -._- : ! . }----., ...- _ d _ __ 1_ - _._. __._­-- ••• ,,- •• 

I i I I I 
I I ! 1 j j 

.-.---.----~-"-- -~"---------.- tw -----.- ,.. --"·------t~ ...-----.- ----'. +.--------- --t.-"~- ..--------.-.. ---~-~-~~-----~-.--t------ ­
, I I 1 I I _.__________________.1 +__________..1 ! ___.__.___ ._ ....1_ .... _._.______~ ___"-_.__________ 

UNIT: 1___ __L ______ . ____.!MILL: D__L __________ ITEST No : H 630: 18: 13h15 __ _ 
I 1 I I 1 I 

~====-==~~~===:=l------~_=i~~==t==--:-===r----
, . 

. ------t--- -----~.---i--------------~--- -.--------+----.---------.+--------- ­
----------+ - -~ 1--,,···-_·--------­

I~RAPH DATA 
----/- ­

------------------j + 300 f.Ull j +150 f.Ull j + 105 f.Ull j + 75 f.Ull I· ------+---- I 

PASSING % 99.8211 97.6201 92.8601 81.852 
TARGET 991 90_51 81.51 70 

-i-- +- ----·-·-I------~~+ i -----­
1--- ---,_. i 

U10-MILL 

105_000 
100.000 
95.000 
90.000 
85.000 --+-- PASSING % 
80.000 -G-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 IJm +150 IJm + 105 !-1m + 75IJm 

J - 74 




· iMII_L TEST DATA . .1-··-·--------·-------·,---·-----;- ........ -......... ," .- ........... I------f--------·-tj---

Iii I . I 

.. - - --------------...--.--------. ~·-t----"-·------·- '''--l-''-'~'-'' .-.--.-.--~-.--'~ -:-"'~-- ".. "·-r-+--~'-----·-~-

I----·--..------ ..···------··---·.l--· --.--._-...... --..... 1- ......--..---.. ··-f--­
____ .~_.._ .. L ________,__j •._. __ . __ .. ~_~_~...l_,_____ , _~_+ •• ____ ~L_____ .""_~. 

IUNff: 1 i 1MI LL : D ..L.. _______..!TEST No : H 630 : 15 : 14h15 
I I " 
I I ·_-+...._---_·__···_+_·--·--1~--l------"----·-·---!.. ,.-.---".~~------

NDE + 300 IUn +150 J.UU + 105 J.UU + 75 J.UU .. 75 J.UU I SAMPLE 
!RETAINED GRAMS 0.08 1.28 3.58 8.59 39.811 48.4 
RETAINED % 0.165 2.645 7.397 17.748 82.252 
PASSING % 99.835 97.355 92.603 82.252 17.748 

I I; ---~-.----

I j I ' 

~J===.==-t=~=-.j _.__ .. ___.. _.__}._ '-1 
I i I I , .-- -- ----.. .- --- t----------·r---.--=-J.~-=~=~~~=~~j- ----~ ---.- -'-j 

___ .___._.I9~H . j)J\.!i\ 
I I 

PASSING % 
TARGET 

U1 D-MILL 

105.000 :::::::::::: :: ____ __ 
100.000 ::::::~~~::: :: ~~~~~~ 
95.000 --- -----­

90.000 

65.000 -+-PASSING%i 
60.000 -fD-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 /-1m +150/-lm + 105 /-1m + 75/-1m 

J - 75 




-------- t!\'1~-L~ --.:grS!J?A!~ ---~t-----~~-~ 
.. ----.--..--------- .----- ----- -1-·------------·-·-1'· - -... - ..... -. - -·-1· . -..-...-.-----.. -.--;..-- .. -.. ,-_ .................._. / .. -- ......--- .. _.-_. 


I I I II 

===--====~t--------.--- r-=~~==:----- ,----...---..---..-..l--:~:-:~~==5~==~~:~I---------= 
U_N:~.~~.:=~=::~~:=~:::::~~M~~=-t=:=~!T~ES~: :~~~1-~~1~ 

.-______.. ___..___.._.___.. _---1_____...1______,--..! I ' 

I, ,I I I,, 

. L 

U10-MILL 

105.000 ,,::::::::::::: 

100.00095.000 ~S~E~~S~$~Zg~~G.S28~ 
90.000 
85.000 --'- PASSING % 
80.000 -rn-TARGET1.75_000 

70_000 


65.000 
60.000 
55.000 

+ 300 IJm +150 IJm + 105 IJm + 75IJm 

J - 76 




MILL TEST DATA 

'--~----4-------~-r"-------l 

1----··---·__·_·······_-··-········1..···•··..· ...- ····--T 

1----·--·-·.··------···-1··-----·.··..· .. ·+·.-----·· --.-+--.- ...----. 

IUNIT: 1 . ilViiLl.:O··-r------rfEST No': HS30;-a :1"Sh1'5'-­
-·-·..-··-+----·..· .. ·--···.. ; ..···t····· ....··-- f , , .. 

.--.----~---------. 

NDE + 300 JU11 +150 "un + 105 JU11 +75 JU11 -75 JU11 SAMPLE 
RETAINED GRAMS 0.09 1.03 2.96 7.38 36.97 44.35 
RETAINED % 0.203 2.322 6.674 16.640 83.360 
PASSING % 99.797 97.678 93.326 83.360 16.640.

! .... 

PASSING % 
TARGET 

I 

U10-MILL 

105.000 

100.00095.000 ~$~~~~$~~~~ltttttttmtt~jgtmm~ 
90.000 

85.000 ~PASSING% 
80.000 -C-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 J.lm +150 IJm + 105IJm + 75J.1m 

J - 77 



,
!MILL TeST DATJl 

-j i I 
1-·- .---. r" .. _._.. _,- __ ~__."m._ - -!-'- ... - - ( -.- _... -';~' ~ - - -~....~ '-r 

-r'---~ ,._....._-_..---- -- :..... -...- "... -----.- -- _.- ,,,t. -. ~,,",~---.---.-.. ~.--.-;.•- ,.. '.--.--~ - -.-...-- .!- - - ..".--.----._--_ 

- I--~-_----. - ,_ ,----J---- ,____ .,: _______~__ _._____ L _____. 
UNIT: 1 __ ~ _____ iMILL: 0 -1 _________ [TEST No: H 630: 5 :17h15 

i 1 ! !
i 1 i I

--\--_._--' .~.-. -----"-'-t,·'-----·-~·-~-r_··~~~-~·-, --i-------' 

, ··---i--··----------,t 
1---·_· 

NDE +300 SAMPLE 
RETAINED GRAMS 45.5 
RETAINED % 18.022 
PASSING % 92.593 81.978 18.022 

.---~,-.--~-. 

IGRAPH DATA if---· -~ -- -~ -, - "r' --..".,.... -.~-- ·-t,·"-----"--·--'··-'---·~·-'t-I Ii' , . I--.. --..--..---.-----------. + 300 urn I +150 f.Ull I + 105 JUll I + 75 f.Ull l-----u.-- I ·--.------­

PASSING % 
TARGET . 
~..;;..;..;;;..;;..~---_+---.;;.+--..;...;;.;..;...--.;;...;.;.;;.+_--~-······-----·---·t--··--·-----

-1·-~--

U10-MILL 

105.000 

100.00095.000 ~$~~g~*~$gmJ~~m$,Sm%~~ 
90.000 

85.000 ! -+-PASSING % 
80.000 . -m-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 IJm +150 \Jm + 105IJm + 75IJm 

J - 78 



._. ______l_~___J~IL.L. TE.ST~Jl.T.t\ ___~L___ I_._____ 
1 I I ! I 1 

..~~:~~- ~=:--:~~r-:==t=••··l-~~~=:J~~==t~=~~~=·--- --.-= 

UNIT: 1.L____...__._..... __ 1MILL: D./ .... !TEST No:H 550; 28; 09hOO___.__. 

I ' ; I I I 
----.... -.-----.---------- - f·---·--·-- .'-' --f-·-·-··-···--·----·-l----.-----.----f--..---.-----1--------·--· ......-.-- ­

1 I I , 1 J
1--"--·'-- --···-·--·-···-·--··-·-i······---·-----·----1--·-··---·-.--~-----------I ....-----------~------- --~-l 

I I I I I I 
---·----NDjr------ '"+ 300 JUll +150 JUll + 105 pm +75 pm -75pm SAMPLE 
RETAINED GRAMS 0.09 Lll 2_95 6.55 30.38 36.93 
RETAINED % 0.244 3.006 7.988 17.736 82.264 
PASSING % 99.756 96.994 92.012 82.264 17.736 

I -- ----._--.---.. ----------··----·..--··--------··--1---··..·---··---1··---..-----.--.-+--..-...----.---j.- .. - ... ­

- --.-.-.. --{.- ...--- -_·_-_··----1···_· .--_.-._- f.---------­

iGRAPH DATA 

---..-.------- ----~---·I + 300 JOn i +150 pm I + 105 pm i + 75 JUll I 
PASSING % 99.7561 96.9941 92_0121 82_2641
TARGET 99 90.5 81.5 70 .---.------­I 

I 

U10-MILL 

+ 300 IJm +150 IJm + 105IJm + 75IJm 

J - 79 



MILL TeST DATA 
i 

UNIT: 1 _._ ...•_-_. f---
IMILL 'D __ iTEST No' H 550' 24.5' 10h1~-

._-...._­

1­

---,--~---~....-~~ 

NDE +300,.U11 +150,.U11 + 105 JUll +75 JUll - 751!!!!. SAMPLE 
RETAINED GRAl\'(S 0.14 1.48 3.88 8.45 38.93 47.38 
RETAINED % 0.295 3.124 8.189 17.835 82.165 
PASSING % 99.705 96.876 91.811 82.165 17.835 

---.-. 

iGRAPH DATA 

+300Jull +15O f!lll + 105 p.un + 75 J.l!!! .PASSING 0/0 99.705 96.876 91.811 82.165 
------~'-----.

TARGET 	 99 90.5 81.5 70 

-
-

U1 D-MILL 

105.000 . _____....... ______ .. _........ _.._... __ ... ______________ •___ ...... 

1 00.000 	 :~::,; ;:::;::::;:::::: :::::::::::: ::;::::: :~: ::: :::;::::::;;:::::; 

95 000 :~,,::::;;..... :;;:::. ~~~~jj~~~~:: ::::::::::: ::::: 


. t::~~m~::~~g~~~~~::: ~:~~ ~~~g:" :::~ 

:~.~~~ ~;g;;~~~;;~g;~~;;;;;;;;~:;;;;g~;;;;;;;:~:;;;;;;; . 


80:000 ~~~~~~~~~~~~~~;~;~ig~~~~~~~~~m~~g~~;~:~~mm I=:=;~::I~ % I75000 ............. -.- ................... --................ . ......... 

70 '000 t~ ;~~; ;;;g;;;; g;~;~;;;;;;;g;;;;; ;;;;;~;;;;;; ;;;;;; ;;; ;~~: 


- ;;;;;; ;;:;;;,,:: ,;;; ;;;;;;;;; ;;;;; ;;g;;;,;;;;;;;,;; ;;; ;;;;;;;i": 

:~.~~~ ~~~~~~~; ~~ ~ ~~ ~ ~~~~~~~~~ g~ j;; ~ ~ =!!:~!!!!!::~: :::-'.=!!!!:!!~:::::: ::: 
55:000 ;;;;;;;;;" ;;;;;g;g;~:::::: :::.:;~ :,:~,==i:::;;~;~; :::::::: 

+ 300 IJm +150 IJm + 1051Jm + 751Jm 

J - 80 




I !MILL TeST DATA •----------------------- r~-------+- - -- -----1---------'---,---- ­I , ­

I I I I I I 

=:-~=~==-~~=~=~t==-=----=-~-~j--~~~==-~-C=--~~-~:==L-=~==i=-:--=~-~=~[-----------I I 	 I I I1
I' 	 i I I~"-~'""-···----····----·--T---~_+-- "--·-·-·'---I--·-----~·'·-'-"· ~-----'--~'"'- .",- ---.-.. -."-,,--~.-.---

UNIT: 1 _1 .. _______ .iMILL : o,J __,___ -1 TEST No : H 550 : 21 : 11 hi5 
: iii j IIj , I I 	 I 

:=:-~-~~--~:~~=-=~=::=--- -=~L=-====~L:~~~-:-=-~: ..=.t=~:-----~:=-.=r=:====~-==--~_-_
! j I i I I 

-~----~--~-----I + 300 pm +150 pIll .. I SAMPLENDE I + 105 fUIlLfj5 llfllmL_:-.I? pIll.. 

RETAINED GRAMS 0.111 1.321 3.461 7.761 31.441 39.2 
RETAINED % 80.204 

-~-----

PASSING % 	 19.796 

.~ ____..t-___.._I· -----	 ~.. "'-' 

--,..-------------------~---..-------J(;~~ r1?J\.!~ ---+-----------r--------.. l- -i 

--..------------------1 + 300 fUJI I-1-150 pm I + 105 pm I + 75 pm j ---I 

I	PASSING % 99_7191 96.6331 9 l.l 731 80-2041 _________....-I__ 

TARGET 99 90.5 81.5 70 ' 
n 
___ 

, 

U10-MILL 

105.000 

100.00095.000 ~$~~~~~~~~ml~8#fg~8#fl 
90.000 

95.000 	 I-+-PASSING % 
80.000 	 -G-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 IJm +150 IJm + 105IJm + 75IJm 

J - 81 




~~~~~~~~j~~;~T~ ~~~t~~~~J-~:--J -I 

UNIT: 1__ _______1 _._. __._._. MILL: D. L___________ 1TEST No : H 550 : 17 : 12h15 .. 

····----··---·---·--------·---·---~----·-·------l·-··-.- ...-------! ------~--·-·----·-~·-------t---· 
-..-----.------- ------.-..-..-.-.----L·······--·--·--·t--·.···-···-···......__..1... ___._____.__ 1...___---1____1·____1 

I I I I I I 
'---NDE I + 300 JUll I +150 JUll I + 105 JUll I + 75 JUll I -75 JUll I SAMPLE 
RETAINED GRAMS 0.15 L59 4.08 8.66 36.81 45.47 
RETAINED % 0.330 3.497 8.973 19.046 80.954 
PASSING % 99.670 96.503 91.027 80.954 19.046 

, , ------ ­

---··---e·-- .. -.--.-- ....--j..•..-.--- - .•--.--...--+--..-.--.-----,--.----.-- ............+--.--------+--------1 


_•••__.__._.___._.__._______._.1 _____________ 19.~~__.:l)ATA f-- ·_-·--_·-t .--'--- -..... - _._._L ____ -----. 

..---.----..----.----I + 300 JUll I. +150 JUll I + 105 JUll I. + 75 J.UIl I. 
PASSING % 99.6701 96.5031 91.0271 80.954 
TARGET 991 90.51 81.51 70 

U1 D-MILL 

~~~:~~~ ~~~~~~~~ ;; ~~ 
95.000 
90.000 
BS.OOO -+- PASSING % 
BO.OOO -a:J- TARGET 
75.000 
70.000 
65.000 

60_000 

55.000 

+ 300 jJrn +1S0 jJm + 10SjJrn + 7SjJrn 

J - 82 




__ 

__________ L- ________ .IMILL TEST DATA ___________J._______-"_ __ 
, ! ! I I i ----- ­
-! ,~.-.- "" -t' .'"'""~, .,_.'''"_,C,_"~~ ._"~--¥.,- ......- -- "'---'--1---'-'-~'-"-"~'"" -~- -r" -- . ...-.---~.-- ~- 1- ._-_.- ~ - ~~-~.-

----------- --------~-----------+-----------+-------------i ------·--------·--i -- ------------------f- -----------­
i I ! ; I ! 

liNii·-:-:r'---··--··-"--·--~-----·---\--~'~-~--'_·"·--"l'MILL : D '~f '~---'----"-'~-"iTEST No :""H 550 :"13-.5 :-'";;'3h30 
- • 'or_ ",._-_..... ., r-- : "': --.. __ . --~; j 

--.--------- -- -1---- -------------t----------- -----------.- -----------,------ -- ..------- -1----------------f---- ­
i ' I : I 1 

--,~--,----.- --...~---------.-. -";-- "~_-,.-.-.-~-.--.w~-, t---------··-- ~ -, -~---~~-~~.---...~- ·,------t------ ­
ill ! I i 

1.. - .. -------NIiE------1 + 300 ,.un I +150 JUl1 I + 105 JUl1 I + 75 JUl1 I -75 JUlt I SAMPLE I 
RETAINED GRAMS 1 0.161 1.721 4.51 8.61 38.761 47.36 
RETAINED % 0.3381 3.6321 9.5021 18.1591 81.841 
PASSING % 99.662 96.368 90.498 81.841 18.159 

i 

I -.--~. +-----~-.-.-.--..- ..----.;.- . 

"."." ...._,. __ 1•• ·--·-f 

_______________1_________.___.__
I f·--·· 

+ 300 JUl1 1 +150 JUl1 1+ 105 JUl1 I + 75 JUl1 
PASSING % 99.6621 96.3681 90.4981 81.8411_~_____ ~__ ~_______ 
TARGET 99 90.5 81.5 70 ­

, --._-.. 

U10-MILL 

105.000 

100.00095.000 ~~~~~~~~iijJgtm~nt1tttm~nt~~ 
90.000 

85.000 -+-PASSING % 

80.000 ......f:lI-TARGET 
75.000 

70,000 

65.000 
60.000 
55.000 

+ 300 iJm +t50 iJm + 105jJm + 75iJm 

J - 83 




_... ____. ___ .___ ... _. __..._.. L__.___.._.. ;MI'-L . rESr. [)Ar A . _____._.J_._.__._~J _______ 
I I i I I i 

.-.-.... -.. -.. ... j-.. -.---- -t--------~-·-+····--····---i-·---- .. ·· .-,---- .. -­
1--·---- ----. -----.----.---.--.--- 1---...._ ..-- ···-T-·--···-·-·-·-·····i--·--··_·_-, - -r------ -~---+-- .--.--.---­

DNiT·:-f---··---~-·+-----iMIi.L:-D 1-·-----ITESyNo :lj; 550 :-1-0-}-14h30
I..;:;.:.;:..:...:....:...;,.--~-~ "t"'d"_" ~'.~-~.v--·-···t l~v" ·---,,,~-·~-··t I ! ­
-.---,.,~~,-..-.---~-~-.------- -----...-.w-+-·.,·--~---·-~-----·--~-··--!--------r-------,----t-------.~ ..--+-----­
___~_~_______~___J~._______ L~v.~ ....__ ~,.___ l___vv _____~~v__ J__,___L_____ ~ __• - ___.___ 

iii i I I 
NDE I + 300 JlIn I +150 JlIn I + 105 f.Ull I + 75 f.Ul1 I - 75 f.Ul1 I SAMPLE 

RETAINED GRAMS 0.19 1.56 4.01 8.78 37.57 46.35 
RETAINED % 0.410 3.366 8.652 18.943 81.057 

.~-----

PASSING % 99.590 96.634 91.348 81.057 18.943 
I I , , .---••­

I----····----··-------·--·-~-··-·---·--·-+ --.._ ...._.-_.. _ . 

.-1···---_·_·_········· ---.+--...--.--.-----.,--------­
.. -f--·-·-----.;-------I 

iGRAPH DATA
• .•. ~._.'"__ • t· •..--------1----- '-- ..-.-.---.J~---.. ­

, j 
1- .. 

I ' , , I .-------.. --.----., + 300 f.Ul1 +150 f.Ul1 + 105 f.Ul1 I + 75 f.Ul1 I --t--­

PASSING % _.___.______+ . ____.__.___ 
TARGET . 

i 

U10-MILL 

~~~:~~~ ~i~~~mm i~i ~i~~~g~~~~ 
9S.000 
90.000 

8S.000 -.-PASSING % 
80.000 -£J-TARGET 
7S.000 
70.000 

6S.000 


~~:~~~ ~ ~ ~ ~ i ~ ~;;;:;;;;;;; ~ i;:; ~~; ~ ~ ~ ~ ~ ~: ~ ~; ~ ~ ~; ;;!:;;g;;;;~; ~:;; ;gg;;; 

+ 300 ~m +1S0 I-Im + 10S ~m +7S~m 

J - 84 



!MILL TEST DAT.tI 
i 

-- --'---------.---.----.- -- ,.-- --.- --------------1--·-
I 

-r--­
I 

I-----------}-- ----- -+---------------+::-- -- ___________.1.____ _ _ _1._______ -------

IUNli:T _J _________IMILL: D r JTEST No: H 500: 32: 10hOO 

--f--- -----------l---------------I---------------I---------- ------1-- -----------t-------­

NDE I + 300 pill I +150 J1Itl I + 105 J1Itl I + 75 J1Itl I - 75 J1Itl I SAMPLE 
RETAINED GRAMS 1 O_Ij 1.261 3.591 9.061 40.621 49.68 
RETAINED % 0.201 2.536 7.226 18.237 81.763 
PASSING % 99.799 97.464 92.774 81.763 18.237 

----------- -----I-------------f------------t-----~-- --1-- -------------------- f------------------l--------·-- I 

, --------------------1-----­
______ :___________}~~Ii ,I)ATA ___ L_ 

+ 300 J1Itl I +150 J1Itl I + 105 J1Itl I + 75 J1Itl 
PASSING 0/0 99.7991 97.4641 92.7741 8 l.763 1 

99 90.5 81.5 70 ---,-----­TARGET 

U1 O-MILL 

105.000 ::: 

100.00095.000 ~mi#H~~~~~8ml~~~~~~~~t 
90_000 

85.000 -+-PASSING % 
80.000 -e-TARGET 
75_000 

70.000 
65.000 
60.000 
55.000 

+ 300 \-1m +150 jJm + 105jJm + 75 \-1m 

J - 85 



I 

! IMILL TEST DATA ! I 

1-. --·---····-~~:~~~·.:~~~--~---j-~~~-=-=--r···· .. -. .- -·--~·i.~·:··- ··~.-.~~----.!·~~-~~=~=~-t:~~-==~t=--= 
I I l- I I 

-=~=~~~~~-------------j=-====h-~~----=~~·=~l=-=:~=--[=-:·--=~=I===~.=t=_.... ---­UNIT:1. ___._.....__ MILL: 0 __+.1_ ____ lTEST No: H 500: 28; 11hOO. _L 
i J ,I I I 

..-...---..-------------- --------·l--· --··--·--·-·t--------L.-·------~·-----_1·----------I----- ..... 
-.---.-----~--_~____,_l_~"___~,_L--____,.L________l_______J~----I 

j \ ~ I ! I 

___.____._. ___ ._______ I I 1 I 1 

NDE SAMPLE 
RETAINED GRAMS 1 0.061 0.971 2.791 7.121 40.981 48.1 
RETAINED % 0.1251 2.0171 5.8001 14.8021 85.198 

IPASSING % 99.8751 97.9831 94.2001 85.1 981 14.8021 ________. 

. __ j__..__ ._____J9~:f.J; 1 p_J\T~ __L _____.__+ ______.___.._! ·----1 

~.--.""--.---..,~---"~-----~--.~ -«._---,-----­

PASSING % 
TARGET 

U10-MILL 

105.000 

100.00095.000 1~S~8TITI~~~~~~illi~ttii~~g~ 
90.000 

85.000 -+- PASSING % 
80.000 -D-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300)Jm +150 )Jm + 105)Jm +75)Jm 

J - 86 




____________._~______I-----------JIVIILL l'i?IST _DA"t:~ __1 ______1L-___ 
l I i I ! .. 

-~~~~~~=~~=-~--~-~~=~..~-=1--- _..____ ~~=L-_~~==_=~ ~=J=-=~=-=~~~~==~-:t =~~-~-=-===t::~~~-~~-:::::=~=J-- ____ .____ 
_ __ --- - ______..............___ i __ ___ ____ j _ __ _____' I __ _ I
___ -. .f---- I --___~L _________ J.: _ _ 


UNIT: 1 ____ _ _ ~ ___________ [MILL: 0 _.l .. ________:TEST No: H 500: 24: 13hOO 

.. i ! 1 I 


.--~~--~----. -_.._-,-_._-- ~ .-~-~"- ---1'--- r,_..,-'----.. -._" -~ j "~"-"--~-- ~__~.rl ~--~~-------r·---·-· ..---------t-,-,,~~-----
_____.________~_____._1_~ ____ ~_"___.. __I....__~___,_ L-___~_~_____1_.__~__.L_____ 

! I I I ! [ 
--------ND-if--------·j + 300 J.Ull I +150 JUl) j + 105 J.Ull I + 75 J.U1l I -75 J.U1l I SAMPLE I 

RETAINED GRAMS 0.051 0.871 2.681 6.821 39.221 46.04 
RETAINED % 0.1091 1.8901 5.8211 14.8131 85.187_ 

~-~-I 

PASSING % 99.891 98.110 94.179 85.187 14.813 

I-------·---------L---- --------.~.--
I 

--.-----..-.--------..---. .j----.--------- f .. ---------- --_.+.--------- ---"I·-------·------;-----~·-"l-,-----· 
l ' 

iGRAPH DATA---r---·-------' 
;-- • -1 .-. ~,-- --:-- ..----------1---·--·-·---·----·+--·---··----1I ' l , , , ~ -------..----.------- + 300 J.Ull I +150 J.U1l I + 105 J.U1l I + 75 J.U1l r-------- t ----·------ ­

I~~~~~% 99.8:~1 9~~~~1 9~~~~1 85.1~~I--d.--.. ------.I----.-.-... -­

I" ~_'M'___ ~._.___________ . ---..--l- ------.-------t------.... .L_ ..................----1 


U1 O-MILL 

105.000 00:::::::::: ::::,,:;::::::::::::::::::::: :::: ::::::::::::::::::::: 

100.00095.000 ~$~~~~~~~~1l2Z2mZ~]ill~ 
90,000 

85,000 
 --+- PASSING % I 
80.000 I-G-TARGET 
75.000 
70.000 
65.000 E:-::~~~~~~~~~~~~~~~~~ 
60.000 E7:.::.:-=-:~~~.::.:-=-:~~~.::.:-=-:~~~~~~~~ 


55,000 t.=:=c:.===~===o.:.:::.!.:==="-=:..:..:..:.==c:..:..:J 


+ 300 J..Im +150 J..Im + 105 J..Im + 75 J..Im 

J - 87 



----------------------------~-----t-I~~IE;[~!--q~!~ -r--~---L~----~--
----------.-- ..------- ____.__.. __ . ___ L ____________ ,,,____ ,c -.---- -- ---".,,- --+----------.-----,--.-. -- -.--.----'------.---------.-.1----,..-. ___,I ~ j iI J 

--~---------.---------- ----·.,--·-,,-----·-l-------·---l·-----------·~-·--.--------l--·-·----------·---l--·---,
tIl I ! 1 

-,,,--.- .--.---------".--------------.---•••-.----,-------- .--"-'1".--"'''''- -.1 ..--- --.,,--- ----.- -,,-----­
UNIT: 1_.. _____ , _L __ !MILL: 0. t. _I TEST No : H 500 : 19.5 : 14hOO _ 

I I i II 
--·:~==:==~===-==L-~=--=~=·t=~~=~=~~-=~=t===--=t=:-=-~------j-----" 

.~-----.--------

NDE SAMPLE 
RETAINED GRAMS 53.18 
RETAINED % 

PASSING % 99.8311 98.0071 93.870! 85.1821 14.8181 

iGRAPH DATA 

+300 JUIl +150 JUIl I + 105 JUIl +75JU1l 
PASSING % 99.831 98.0071 93.870 85.182 
TARGET 99 90.51 81.5 70 

U10-MILL 

105.000 

100.000 ~§~mD~$~~~mtti!~#~mj1~~95.0001 
90.000 

85.000 -+--PASSING % 
80.000 -G-TARGET 
75.000 
70.000 
65.000 g~~~~~~~~~~~~~:-:-:-:-~~ 
60.000 
55.000 

+ 300 iJm +150 J-Im + 105 J-Im + 75J-1m 

J - 88 




1 iMILL TEST DATA I I-------.-.-------.--,--.------1.-.---. r-- ····----··[---------r----I----I 

~--=-=~~-=~~~-==-~=-=t~-==~-~.=~r~-----·---+--~~-~~~=~~ :1- --::-:--~~~~i·-------···-l-=~=~=-~=· 
__".J_.I----·--·------·---·-·-~---··-------I-·· ·----·--····j···-··---·--l·· .1._.. _ . .. -- ­

UNIT: 1 I :MILL: 0 I !TEST No: H 500: 15: 15hOO 

---.. -.. -.-- --- -~-----.r-:-=::.-:-=:~-------~==c=~=- _===J_.______-l_.._._._mmm __J_-.__~ 
~________ ____...L._..litI __-.J____.__~__LI ________Lt .....~___lI ____4 

! i !I 
.------------.-----i-~~--i-~-.....;..~:-=-=--i---::=_=_-_i___==__-+_::""::":'~_=1

NDE SAMPLE 
RETAINED GRAMS 0.041 0.811 2.551 6.691 37.021 43.71 
RETAINED % 0.092 1.853 
PASSING % 99.908 98.147 

-.- ----. -. ----..-- -. ~-·-·-------l-- ---.-....--.--­ t­
iC!R APH DATA 

.. j t • , . 1 .------------·-------1 + 300 p.un +150 p.un I + 105 ,un I + 75 p.un I-----------I----n---­
PASSING % 99.9081 98.1471 94.1661 84.695~ 
TARGET 99 90.5 81.5 70 

. -_····---t --------1 
__________ ..._..__+________L__..__.._..._..._._....j._ 

U10-MILL 

105.000 :: :;:::::: 
100.000 :: ::::!::: 

95.000 
90.000 

85.000 -+-PASSING % 
80.000 -G-TARGET 
75.000 
70.000 
65.000 

:~:~~~ ~~~~~~ ~~;~: ~ ~ ~; ~;~ ~~; :;;;; ;j~ ;~~:~ ;;;g;~~gg; g;;;;;;;:;;~ ;;~;;;; 
+ 300 IJm +150 IJm + 105 IJm + 75IJm 

J - 89 




iMILL TEST DATA 

--r---~_-'-----'-'---+-----------f----_____ ' ___~___"__'--·----~------,·-···~-i--4·------·-----i_.--~---~1 
I ! j , I 
lu~--- -~ ..~_~_..l.__..______L_.- ___ ._.._l. ..~ . _.. ____ ~-1 .._,_. __,, __ . 

UNIT: 1 1Mill: 0 __ ./-_.______ ;TEST No : H 500 : 11 i 16hOO"'~"I 

I 	 -r 
.J.. 

--~"------"""---'--'---

NDE SAMPLE 
RETAINED GRAMS 47.69 
RETAINED % 0.105 1.824 
PASSING % 99.895 98.176 14.909 

---~ 

-----------..--- ­

PASSING%, 
TARGET 

U10-Mlll 

105.000 :::::::::::::: ::: ::::::: 
1~~:~~~ :::::::::,::" ::: ~~~~~~~ ;: 
90.000 

85.000 	 I-+-PASSING % 
80.000 	 -a-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 IJm +150 IJm + 105IJm + 75IJm 

J - 90 




I 'MILL TEST DATA I I -- -- --------------------------- f---- ------------- -----f---- --- ------ ---- --- - r--- -- -- --- - -- i --- ------ --t------ -----------r---------­
I I I! , 

---~~:---~-~-== ----: ~:=~~--~- -~ :--L--=-::-~=:--~]-~::~::-: -:::==r=~~:~~~:~=I~~~~:~-----~::~r-:-==-~--~:~~=:[~=~-=~~=~-
---- ! I - --- ---- - I - I - -- ------- - I-- --- ---- - ­- ----------------,---- -------------1 ___ 1.! _________ ------ -- - ---- -- -----­

UNIT: 1 ! ,MILL: 0 I [TEST No: H 450: 33: 09h45 


--------------- ---:~--:-:-----::-~ ---[::~:::~-:::-~~-~---- ----------J--------~--~==:~-----------r! ----- --------~----== 
I ! I. I ___ ....__________. ______ .__ ._.___ .. __ .. _.!..... _____._______... L .... __________.___ t_ ___ __ __" __".______..L __.__ .__ . _____._ .1_.... _________._____ '"~_.________ 

I I I • II Ii: I

-------NDE--------I + 300 J,Un I +150/.Un I + 105 J,Un I + 75 J,Un I I SAMPLE I-75 J,Un 

RETAINED GRAMS 0_031 0.791 2.511 6.l91 42_291 48.48 

RETAINED % 0.0621 l.6301 5.1771 12.7681 87.232 


,---------------- ---------------r--__--...,r--___----1r--___.......----,--=---j 


PASSING % 
TARGET 

U1 O-MILL 

• ______ 4 ______ : :: ::: :: :::::: :~ 

~~: ~~~ ::::::: : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i i ~ i i ~ ~ ~ i~ i~ iii iii iiiiiiiii i 
+ 300 IJm +150 IJm + 105IJm + 75IJm 

J - 91 



-j ;MILL TEST DATA :-r-~ --~-r I 1-----[ t----- -- ­

--- ---- --- ----- -~-!-----:~~-- -- -L-~-::---~: -=--t~--~-===:J==~=====t=-=---~==~~~=~=t=~=~==
I \ j I II 

________~___~_~________t___________ --- -r------ ---------l-- - i ----- ________L __ ---- ______________l___ --- -- ­
UNIT: 1 ________________ I_______;MILL : 0_.1__ lTEST No: H 450: 29 : 10h45 


L---·~-··-"--·-.,----..·-·---l·- '~----------"--. L------~-~--~-.-l.-.--~-~--,~~-...-------t--~~...-­
iii iLL----------r-------------T----------------r-----------------1----------- i 1-------­

---~~---~-,-~- ..-- I i i ______ _ 
NDE + 300 J.Utl +150 fAJU + 10SfAJU + 7':;1!!!! -75_~ ::iAMt-'Lt:: 

RETAINED GR<\l\'IS 0.06 1.34 4.04 9.25 54.12 63.37 
RETAINED % 0.095 2_115 6375 14_597 85.403 
PASSING % 99.905 97.885 93.625 85.403 14.597 

i 

J --- ;---­

IGRAPH DATA 

PASSING % 
TARGET 

U10AMILL 

-..- PASSING %l 
-flJ-TARGET j1 

70.000 
65.000 b:i-:i..,,:.:.:~~_:_:_:_:..,,:.:.:~~_:_:_:_:..,,:.:.:~~_:_:_:_:..,,:.:.:~~_:_:_:_:~ 

60.000 ~_:_:_:_:~~~_:_:_:_:~~~_:_:_:_:~~~_:_:_:_:~~~~ 
55.000 ==,-=-=====.:;.;=======c:.=::..::.::..:.=-=-= 

+ 300 IJm +150 IJm + 105 IJm + 75IJm 

J - 92 



r 'MILL TeST DATA i , 

~··:~=-~-~~~~l-~~-~T==-~=-~-~~-1~-~f~--' 
UNIT: 1~=:=--~~.-::t~~~~:-~:r:~L~~:':=I~~ 

! I ! . ! 
..-.--- --....---------... r-:-"':":":~__r"""":"":::_=::_-_r~::_:_-~:_::::_____;-=_-_t_=_=_:':':~

NDE 
RETAINED GRAMS 50.2 
RETAINED % 

PASSING % 99.9001 98.0281 94.0641 86.0161 13.984 

.==~=::==·:=====±=--t===t~-=~==~==t--==~--.--.-t--==--=~-~-I I + 1 1 ' 

==~~--~-==~:I===li~~~i~£~=-I-~1=__=

Iii I i I------.-------..----..-.-.- .-.----1 

+ JOOp!ll +150 J.U1l + 105 J.U1l + 75 J.U1l t 

PASSING % 99.900 98.028 94.064 86.016 


TARGET 99 90.5, 81.5 70----====J=~== 
-·------------1 1-

1 

I I,--r--­
-----t--l···------+···-··----·--,-----I-----r~I 

. I I L----L.-----.I- r==== 
U10-MILL 

+ 300 J.lm +150 J.lm + 105 J.lm + 75 J.lm 

J - 93 



I [MILL TEST DATA I 1-------------------------- ------ --~----------t- --- .. ------ ---- -- -I -- --- -------- - ---'I'- ----------t-------------+------­
I 1 I I I 

-~=~~~==-=-=--~--~~~-=--]~~-=-~~----:I=~~~-~=--~~~t~:-::::---~:=-j---- --~- :-:-~=---J-~--~-:---=:~:I-=~===~-
I I _ I I ! .. 

UNIT-:-1----------------1------1Mli~L:6,-----rTESTNo-:H-450-:20:5 ;-12h4S­

==~~::=- ~-:~=--=r--::=--::r:~-=l==-_=F=:=±---~:= 

--------~--.-------

NDE + 300 J.Ull +150 JUn + 105 J.Ull + 75 J.Ull - 75 Jun SAMPLE 
RETAINED GRAl"IS 0.04 1 3.01 7.84 49.57 57.41 
RETAINED % 0.070 1.742 5.243 13.656 86.344 
PASSING % 99.9301 98.2581 94.7571 86.3441 13.656 

.. , II 

I---if---+-1 -+ I - I - 1 ­

-~---~==-~~-~-- --=l-----------=f~~==n=--~E~=~~=~=-Tf:==---=:-~I::I:--~ -~r.=-=-
I IGRAPH DATA :----------___________1_______.--1____ . _._ .... __ . _ .. ___.__ ___ 1 __ ________ 

i I - ! I I I 

~-ASS-~~-~~~------------ + JO~9~0 +15~~8 + 10~/~r;7 + 7~:T44 --~-=r==---

ITARGET __+ 99 90~~___815t_---7~ ---1== 
i __ I __---1 

I + -L-----L-- +- I I 1 
1----- --I--­

U1 O-MILL 

~~H~~ .. ~~~~ ~;;;~~;;;;~;;~;::; ::~ ::;;;;;;; ~~~~~~~ il il 
90.000 :: 

85.000 F::~~~~~~~?~:;s-±==~~~':T I 

~::::1 i; iiii il :::: "'" " .--TARGET 

65.000 I~ ~~ :::: 
60.000 : :: :: :: 
55.000 : :: ;: :; 

+ 300 f.lm +150 f.lm + 105 f.lm + 75f.1m 

J - 94 



-. _____________________:__________;MILL TEi~T DATi __________~-----+---~ 

===~ :-::~.L:~ ...--t=~=i=-=--=--': l-~: :-:-=-1=:-:.:l..:-~_=-__ 

UNIT: 1 ! !MILL: D : !TEST No: H 450: 16.5: 13h45 

==--:-~::·-··-····J-~···-=~-~~r==-~r-~::~::}=.=--r~-=:==L-
-_.. _._--­ -- _. --­ ----.-.-­ iii : ! I 

NDE + 300 J.Ull +150 p.1l) + 105 lOll + 75 JUl) ~ 75 JU1I SAMPLE 
RETAINED GRAMS 0_04 1.1 3.3 R16 54.57 62.73 

,RETAINED % 0_064 1.754 5.261 13.008 86.992 
• PASSING % 99.936 98.246 94.739 86.992 13.008 ----­

1-------­

._---_....._. __._-_. 

PASSING % 
TARGET 

--·--------------------t---------------1---------I-- ------1--------\------1 
1-------

Ui D-MILL 

10S.000 

100.0009S.000 ~~~~~~~~~~~8~88~~~r 
90.000 
8S.000 -=+=PASSING % I 
80.000 I-m-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 IJm +150 IJm + 10S IJm + 75IJm 

J - 95 



I lMILL TeST DATA i t..-____.______.__--1-_._______.~- .... .._... __.. . __ ...... _ . -.-L____ _ ___. 

I i I I ! 

---..---------.------- ...----r--- --1-------------._--- ~~=:~=.-==~:==~j-=...~- ~·--=t==-===r~=-= 
uNIT-:-1~==_=~_±==~=__jMIL.[:D-t===~=-~~EsTN-o-:·~450:12.5:161100-

1-· --------------==__~=t=__=1=~====t---·- ..----+-----------i--·-------J--.............­
:' I I 

NDE I + JOO Pin I +150,.un I + 105 "U11 I + 75 lIID I - 75 lIID I SAMPLE 
RETAINED GRAMS 0.04 0.94 2.88 7.24 44.01 51.25 
RETAINED % 0.078 1.834 5.620 14.127 85.873 
PASSING % 99.922 98.166 94.380 85.873 14.127 

PASSING % 

TARGET 

U1 O-MILL 

105.000 ::::::::::::::;::::::::::
100.000 ::::::::::::::::::::::: :: 

95.000 
90.000 
85.000 ........... PASSING% 

80.000 -m-TARGET 
75.000 
70.000 
65.000 
60.000 
55.000 

+ 300 IJm +150 IJm + 105 IJm + 75IJm 

J - 96 



_._~___ ---.--.--- ..-+~--TI\t1I~L ..!.E1S_T._ OAT~ _._+__-+ _ 
==.~~-==~==~~~=-~~=t=~==-~-===t=-~-=-::··~l!-·~=-==~--L=~=.~~~=t==:~==-~=~:[·==~=-=I! I I 1 
_ ._______ __I______1_.__ .._._._L___.___-!_.. . .. ______ L. . . ____.._.. .1._.. __...._ 

UNIT: 1 . _. _l ____ ..__ .lMILL: OJ. ___._... _lTEST No: H 400: 37: OOhOO 


I tI I I l...--- --------.. . ---- -- --.-. ,--..--..--.-- -- .-~---------.. ,-.. -- .. ----.-..--- r·------··--···-· -. --r-.-- -----.-.. -•.-.----. 
I i I Ii!

---.-.-.-.---------1---..-----.-.----.--.L·------··-r-·--·--·-·T-.-------.L...--- -- ­
I iii i I 

----------NDE-- I + 300 J.Ull I +150 J.un I + 105 J.UlI I + 75 J.UIJ I -75 J.Ull I SAMPLE I 
RETAINED GRAMS 1 0.1 II 1.421 4·11 10.111 40.371 50.48 
RETAINED % 
~P~A~S~S~IN~G~o/c~o~----+---~~~~~~--~~=T~~~~--~~-----

~-==-=~==-=~--------L------ .---t~~======~L~=-==-~1~=~======t=~=·=====~~t·-=== 
____ ~ til 1 

~~~~=~:=f-=-~i~~~~~-f~~-~~t~:~~~r~=== 

+ 300 p.un +150 p.un + 105 J.Ull + 75 J.UII I 

PASSING % 99.782 97.187 91.878 79.972 r 
TARGET 99 90.5 81.5 70 -------."1.-----­

---~-·t ----­+ . I I I-~-~---
---------. I I -----,. I 
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