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Similarly: S + 02 = S0z
(32) ——> 2(16) (64)

0,0055 --->0,0055 kg (0,0110)
and 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/s. The excess air for this operation would then be 36,40%. This

indicates the possible error discussed in the script, suggesting that



the total air flow indication 1s 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/s.

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

The exhaust gases due to 1 kg of coal:

Coz2 - 1,492

so2 - 0,011

H20 - 0,237

Moisture in coal - 0,112

N2 in coal - 0,009
1,860 kg



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

104,5 kg/s of coal:

Co2 - 155,910

S02 - 1,150

H20 - 24,740

Moisture in coal - 11,680

N2 in coal - 0,962
194,440 ke/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

= 21,33 kg/s

The atmospheric moisture in the combustion air supplied to the furnace

(acceptance test values):

Twob 14,3 °C

Tab = 28,3 °C
Thus ¢ = 0,22

(from Figure A.2: psychrometric chart at 1500 m altitude)



From saturation steam tables(18);

Ps = 3845,8 Pa at T = 28,3 °C

® = Pw / Ps
(per definition)
thus Py = 846,1 Pa
Pa = Patm — Pw
= 85556 - 846,1

= 84706,5 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
o =¢ 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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02 (in excess air) 21,53 - 3,03

710,36 kg/s 100,0%

The equivalent dry flue gas gravimetric analysis would be:

CO2 - 155,91 - 23,27

S0z - 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%




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:

-560 units

Pstag

Pstat = -3500 units

Manometer fluid temperature reading:

T = 28 oC

Barometer reading:

Patm = 86,48 kPa

Air temperature readings at duct intakes, 73 m level:

30,8 + 273,15

303,9 K

Tab

14,0 + 273,15

287,2 K

Two

Thus:

1
il

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

-(3500/5 - (0,0007 x 3500/5 x (28 - 20)))

-696,1 Pa

I

Pstat



The factor 5 1is 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: den = Psta.gn - 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 Tav and Twv 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 Tabv (interpolated) from

saturation steam tables(13):

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

Pw

o X Ps

0,157 x 4428,5

= 695,3 Pa

Partial pressure of dry air:

Pair = Ponixture — Pw

(Patm + Pstat) - Pw

(86480 - 696,1) - 695,3

H

1!

85089 Pa

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

RT/P

Vair

287,1 x 303,9 / 85089

1,025 m3/kg

Specific volume of water vapour, vs {(from steam tables(!8) at Tabv):

ve = 31,72 m3/kg

A-11



Absolute humidity o ® X Vair / Vs

0,157 x 1,025 / 31,72

0,00351 kgwater vapour / kgair

From the continuity equation:

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

and the equation for the velocity or dynamic pressure:
Payn = 1/2 x density x velocity?
thus:

velocity = y(2 x Pain /density)

substituting this velocity in the continuity equation above, the
theoretical mass flow (Ca factor not yet taken into account) of the

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

Mot = A X (V(2 X Payn / density)) x density
mnt = A X (V(2 X Payn / density)) x J(density)?
Mmmt = A X J(2 X Payn x density)

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

Daltons law of partial pressures states:

Pmixture = Pair + Pwater vapour

A - 12



thus:

Mat = A X y{(2 X Pdyn X (Pair/RairTair + Pw/ReTw))

11.008x4{ (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 Ca factor
is not yet taken into account. A CFD study was performed on the whole
duct including the aerofoilt(1%®), For this purpose, -a Ca factor was

determined.

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

Ca = 0,833

Thus: The actual mass flow of the mixture:

1]

Mm Mat X Ca

372.7 x 0,833

310,5 kg/s

Mass flow of dry air only:

= ma /(1 + )

3
T

310.5 / (1 + 0.00508)

308,9 kg/s

i

A- 13
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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 1is written into a
procedure(208) 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 Ca factor.

A~ 15



A.3: AIR HEATER LEAKAGE COMPENSATION AND FLUE GAS PROPERTIES

A.3.1: Flue Gas properties

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 MOLE MASS MOLES VOL ANAL n Cp Cv R
(kg/100kg) (kg/mole) (/100kg) %mole kJ/kgK kJ/kgK kJ/kgK
CO2 21,950 44 0,499 14,750 1,287 10,8457 0,6573 0,1884
SO2 0,162 64 0,003 0,089 1,252 0,6448 0,5150 0,1298
H20 5,686 18 0,316 9,340 1,269 12,1800 1,7190 0,4615
N2 69,170 28 2,470 73,020 1,399 11,0400 0,7436 0,2964
02 3,030 32 0,095 2,810 1,394 0,9182 0,6586 0,2596
255:5_- 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=c¢p/cv and R =¢cp - Cv

A - 16



The molecular mass of the wet flue gas: 1/3,384 x 100

=z
H

29,55 kg/mole

Universal gas constant

s
|

= 8,314 kJ/moleK

The specific gas constant for wet flue gas:

s}
1}

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 Mgas/Mmixture.

A - 17



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 MOLE MASS MOLES VOL ANAL n Cp Cv R
(kg/100kg) (kg/mole) (/100kg) %mole 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 32 0,100 3,076 1,394 0,9182 0,6586 0,2596
155:6—— 30,76 <---3,251 100,0 1,375 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/moleK
and the specific gas constant for dry flue gas:

R = 270,3 J/kgK

A - 18



Thus cp for dry flue gas:

0,9902 kJ/kgK

Cp

Thus cv for dry flue gas:

0,7204 kJ/kgK

o]
<
I

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.

A~ 19



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 1loss 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=mX 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% 1is
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 O2x (gravimetric) in flue gas before A/HTRS = x
Let O2% (gravimetric) in flue gas after A/HIRS = z
O2% (gravimetric) in air (leaking in via A/HTRS) = k
Leakage fraction (gravimetric) Kgair/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

A - 20



then: G + L = M

and G(x/100) + L(k/100) = M(z/100)
thus: XG + kL = zM
For L/G in terms of M:
zZM - xG
L = -
k
zM - x(M - L)
L = Y
k
ZM - xM - xL
L =
k
kL. - xL = zM - xM
L(k - x) = M(z - x)
M(z - x)
Thus: L = ——
k -x
zM - kL
G =
X
ZzM - k(M - G)
G -
X
ZM - kM - kG
G =
X

A- 21



XxG - kG = zM - kM

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

M(z - k)
Thus: G = e
x -k
M(z - x) (x - k)
Now: -~ = X e
G (k - x) M(z - k)
L (z - x) (k - x)
- = e X ————_
G (k - x) (k - z)
L (z - x)
G (k- z)
For L/M in terms of G:
zM - xG
L = e
k

L =
k

2zG + zL - xG

L = e -
k

k. - zLL = zG - xG
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Now:

Lk - z) = G(z - x)

G(z - x)
Thus: L =
k -1z

xG - kL

M = -
4

xG + kM - kG

M =
4

G(x - k)

Thus: M =

z -k
G(z - x) (z - k)
- = X
M (k - z) G(x - k)
L (z ~ x) (k -~ z)
- = _ X —_—
M (k - z) (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 = e
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 6f 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-leakage.

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/HIR outlet and the in-leaking air.)
Let the final temperature after the air heaters of the mixture be Tr
and let the air temperature before the air heaters be Ta,
then:
mg Cpg (Tg = Tf) = ma Cpa (Tt - Ta)
Mg Cpg Tg — Mg Cpg Tt = ma Cpa (Tt — Ta)

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

Tg = (ms Cpa (Tf - Ta)) / Mg Cpg + Tr

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

(O2%after a/HTR — O2%before A/HTR)
and L/G= = e
(23,15 — O2%after A/HTR)

Thus, 1f 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, 1i.e. what the
temperature of the flue gas would have been had there been no air
in-leakage (dilution). This wvalue 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.5) as from the
coal density and sample represéntativeness. 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 (z - x)

Mo (k-0
and

L (z - x)

& (k-2

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) 1is seen as
the excess air "leaking" 1into the theoretical air (G), the oxygen

content "z will be the resulting gravimetric percentage due to this
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amount of total combustion air. The oxygen content "x" will be the
amount before the excess air was added, 1i.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 = ———em———o x (Theoretical air) + Theoretical air
(23.15 - z)
z
Combustion air = (1 + —————n ) x (Theoretical air)
(23.15 - z)

Thus:

Combustion air
Theoretical air = -
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This equation can also be expressed as:

Total measured Air Flow -~ Air heater leakage
Theoretical air = - — —

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 ail = oo

A - 28



6C -V

+Mill Seal Air

) +Furnace
AMtr O, Econ((;mlser l Leakage . o
o 0, urnace O,
A/Htr Gas Economiser Gas = Furnace Gas
+ Combustibl
in Coal
Theoretical Excess
A - A/Htr Air Air
Leakage *
+Aerofoil
i ka
In Leakage = |Combustion Air
= Secondary Air
P - -
+Aerofol + Burner Core Air
—P
- Primary Air T

1V 3InB1g

JOVIVAT YALVAH ¥IV ANV MOTd dIV




A.3.4: Air Heater Leakage iteration

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

L (z - x)

Mo (k- x)
and

L (z - x)

G (k- z)

from which is derived (in A.3.3):

Combustion air
Theoretical air = ——

z
¢ U )
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 1is not possible, but an
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iteration 1is required. The iteration logic can be followed from
Figure A.4 and Table A.1 1in 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 1is 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/s.
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:

G (23.15 - z)
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Table A.l:  ITERATION FOR DETERNINING AIR HEATER LEARAGE

E Paraseter E Foraula or type Iteration | E Iteration 2 g Iteration 3
b _ I 1

—a §+ Aerofoil + in-IeakageiKeasured value (constant) constant g constant E ;;;;E;;t
-é-g-----zjlvitazy air -gé;ocess value {constant) consE;AE ________ é constant o const;;E ------
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d % = Secondary air E a-b-¢ do.  (changing value)i do. (changing value); do. {changing val
-;-é_---;_iiii-;;;I_;g;----ii;;;;;;&-value (constant) con;E;;E -------- ; constant -E ----- constant N
i |
-}-g--—-_;j;;;;ary air ;i;ocess value [c;;;E;;Ei -------- constant ----g c;&;tant E _____ constant
B0 tmerowesir el mhe ostat)  ewtmt | owstat | ot
________ L N N i
b g Combustion air E a-cretg do. (changing value)g do. (changing value)E__&;j__-i;i;;;iﬁé_;;ﬁ
_——— g Y - e e
i E Theoretical air % h/t1+8/(23.15-0}] i do. {changing value)g do. {changing value)i do. (changing vali
_}_i _____ Ezcess air E-- h~; ___________ i do. (cbang}ng value)g do. (changing value)i-—&é— {changing val
WU kol comustibles | Fron dryssh fee cosl | censtat | ot | cotat
_i-g Furnace gas E h+k -é_—do {changing valueig_—do. (changing value)é__é;- (changing val
-;_g ----- Furnace 03 i-__-p-[n/L*[ZJ.IS-p]] é_-&&j__-i;£;;;ing value)i do. (changing value)i__;;j (ch;;;E;;_;;I
_;-E_;_%&;nace in-i;akage E Pre-deternined val;;---i constant i comstant E—---_———;;;;E;;E ------
_Q-E Economiser gas E L+ % do igi;;ging value)g do.  (changing value)i__;;j {changing val
—;-E_-- Econoniser 02 éi;;;&red value (constant)§ constant % constant -___é constant
PR R R T N e T R T R P TN
BERTT v | do. (changing valae]| do. (changig vale]} do. (charging vl
SUMMe ewdvhe (ostt)] oottt | ot
| i i i
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and utilising the economiser gas (o), the A/HTR O2 (s) and the

economiser Oz (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) 1irrespective 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
¢ G S—— )
23.15 - z
and utilises the furnace 02 {(m) for the value of "z". The excess air

(j) 1is 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)
¢ (@15
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) 1is 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 F, G and H.

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

furnace in-leakage.

- The economiser 02 x 1is 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) 1is the sum of the economiser gas (o) and the

A/HTR leakage (q).

- The A/HTR O2 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 rtow (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) columm 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/550/28/9h00 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:

11.9695 mA

Static output (averaged)

Static output zero 4.015 mA

Calibrated static output zero = 4.003 mA

Thus,

Actual static output 11.9695 + (4.003 - 4.015)

11.9575 mA

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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TabIe A.2:

CALIBRATION CERTIFICATE: GAUGE PRESSURE TRANSMITTER

ISACH - TECANCLIGY . FESZARCH AND DNVESTICGATICNS
CIRTIFICATE OF CALIERATICN No. @ D6SIFISH
FCR A ZAUGE FRESSURE TRANSMITTER )
: SIK
Al _ EIKCH

TR ALZEREENCE Ne. H
TRI CALIBRATICN No.

MANUFACTURER & TYPE
SeRIAL MMBER H
DISTALMENT RANGE :
CALIBRATED FCR

CAL TBRATICN FROCFDURE
REFZRENCE EQUIRMENT

: ESAaCM -~T.R.I./ Performance & Metrology

1§]

Acsemount 1131G2
132636
0 =5 11263 kPa

: PC-32-02
: Budenzerg 280D Pressure Balance 5/N 9004
Fluke 8600A D1 S/N 2263133

DATE OF CALIERATICN T 29/C6/92
LABCRATCRY TEMFERATURE : 21.7 °C
True Transmitter Output (ma)
Pressure
{kPa) Rising Falling Average
0.00 3.9935 4.010 4.0030
3913.37 3.3506 3.323 5.5135
7827.37 7.022 7.037 7.0293
11741.69 8.527 8.520 8.34323
15655.77 10.083 10.060 10.0333
19569.31 11.3€8 11.3580 11.5740
23481.37 13.G83 13.223 13.088G
27395.04 14.599 14.506 14.8022
31308.62 16.112 16.122 16.1170
35222.13 17.623 17.523 17.6280
39155.39 19.139 13.13S 192.1290
LMCERTAINTY - The uncertainty of measurement is + 0.1 % FS
estimated fcr a confidence leval of 95 %

VALIDITY CF CERTIFICATE :

COAENTS @ Calibrated with diaphrogm in a vertical plane.No icad resistancs
apolied.=xcitaticn voltage = 24 VDC.

CALIBRATZD 3Y

CH{ECK=D BY

: W Ce Yries =——

: M Mathieson

12 months

s
HEAD OF LABCRATCRY

AR . -
[RISTILA S
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Determine the differential pressure:

Differential output (averaged) = 9.07731 mA

Differential output zero 3.896 mA

For a static pressure of 19000 kPa:

Calibrated differential output zero = 4.012 nA

Thus:

Actual differential output 9.07731 + (4.012 - 3.896)

9.19331 mA

From calibration Table A.3 interpolate actual differential pressure.

Actual differential pressure (9.19331 - 7.5290) / (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 mA

Thus:

Actual differential output 9.07731 + (4.0105 - 3.896)

9.19181 mA
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Table A.3:

CALIBRATION TABLE: DIFFERENTIAL PRESOURL IRAROLRZLE

CALIBRATION TABLE: DIFFERENTIAL PRESSURE TRANSDUCER

Rec nr : 57 HP DIFFERENTIAL PRESSURE TRANSDUCER

Static pressure no. 3

DEVICE : DPHP12 HO. PTS : 10 STATIC PRESSURE: 135000 kPa

Numbear Pressure kPa mA output mV output

R=20 ohms

1 a.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
[ 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 361.88Q0
10 179.63 19.8680 397.3600

Calibration table for differential pressure transducer at static pressure of

19000 kPa
Rec nr : 58 HP DIFFERENTIAIL PRESSURE TRANSDUCER
Static pressure no. 4
DEVICE : DPHP12 NO. PTS : 10 STATIC PRESSURE: 22000 kPa
Number Pressure kPa mA cutput mV output
R=20 chms
1 0.00 4.0108 80.2100
2 19.96 5.7640 115.2800
3 39.92 7.5165% 150.3300
4 §9.88 9.2680 185.3600
5 79.84 11.0185 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 °oC
Static pressure = 20560.295 kPa
= 205.603 bar

From steam tables(18) interpolate specific  volume for those

conditions.

i

At 200 bar, the specific volume (155.7 - 15G) / (160 - 150)

x {0.0010886 - 0.0010779) + 0.001077

0.001083%99 3 /kg



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 ¢ x de X E x y(H) x {(density)

Where,

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

0.6063

dz / D2

B
]

o
]

internal diameter of feed water pipe

422.191 mm
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[oN
1

orifice internal diameter

280.007 mm

H

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

T = temperature at orifice (°C)

Corrected diameter, de d? x temperature correction

E=1/4(1 - m?)

= 1.11351

Feed water flow rate (Q) 0.01252 x 0.6063 x (280,007)2
x (1 + 0.0000126 x (155.7 -~ 20))? x 1.11351 x {(6008.2146)

x 4(922.8235)

1565812.26 kg/h

434.95 kg/s
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A.S: 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 m?
The 100% motor speed = 1260 Tpm

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:

CONSTANTS USED.

Feecer B8ar Area - 0,09544 m?

Drive Gear Ratio = 64,0:1
1002 Speed = 1260 rom.
Drive Pulley Dia. = 270 mm.

Belt Thickness = - 10 ma.

COAL FEEDER CALIBRATION

FEZDER

PROFTLE.

3480

I R = -

__uzn..}..k'.Ls.

LORRY TEST RESULTS.

H5.0 '

TZ3T N0. 1. 2. 3. 4. . TOTAL AVERAGE .
Target Soesd =% 40 35 ki 32,5 30
Revs/Time = 40,21 15,97 29,96 32,50 30,10
Tail Pulley Revs. 188 188 188 188 188
Test Ouration wmin., 22,75 25,55 31,97 29,38 31,53
Total Swept Vol m? 15,79 15,79 (.15,79 15,79 15,79 78,95
Bulk Density Kg/m? 1a11,5 | 1096.9 [ 1015,4 | 1013,1 1008,7 1011,1
Yol x 8/0 Kg 15964,7 | 15895,4| 16032,7] 15996,4( 15927,0
Coal Mass.{4eighed) Kg. 17020,0 | 16700,0 | 17240,C| 16720,0| 16740,0 | 84420,0
K1 (Basad on Pulley Revs)| 1,0661 1,0508 1,0753 1,0452 1,0510 1,0548
Coal Mass Flow Rate t/h. | 43.00 37,97 32.46 34,15 31,86
Stock Integrator Adv. m 16 16 17 16 16 81
K2 (Mass/{B8.Dx Int Vol)).] 1,0517 | 1,0368 | 0,9987 | 1,0315 | 1,0992 1,0435
K3 (Mft/Speed % x B.0) 1,0572 | 1,0484 | 1,0670 | 1,0372 | 1,0493 1,0518
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A.6: REVISED OSTWALD DIAGRAM FOR MAXTMUM THEORETICAL CO2**

According to sample calculation 1 it can be seen that CO2 1is one of
the combustion products. The maximum percentage of CO2 that can
result from a combustion process is when the percentage excess air is
zero and complete cbmbustion takes place. This theoretical maximum
amount of CO2 is noted in an Ostwald diagram as CO2** (see Figure
A.5). This percentage CO2** has a specific value for each coal
analysis. It is generally calculated as follows(23);
20,95 C + 0,1 (H + s/8)

CO2** % = e
‘ 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 CO2* (called the
Ostwald COz2) can be derived from the graph and when an actual amount
of COz is measured, a corresponding amount of O2+ (called the Ostwald
0O2) can be derived. The trivial cases would produce the maximum CO2**
at zero Oz %, and 20.95 % 02 (the volumetric percentage in air) would

produce zero % CO2.

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

CO2 in dry flue gas, even if excess air is present, relative to the
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percentage CO2**:

20,95 (COz2** - CO2)

If the coal analysis is known and thus the percentage COz**, the
percentage CO2 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 CO2* from the actual back-end
measured O2 values by the caravan’s analysers failed to correspond to
the actual measured CO2 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 + 02 = CO2

(12) —-> 2(16) (44)

A - 48



S + 02 = SO2

(32) -——> 2(16) (64)
2H2 + 02 = 2H20

4(1) ———> 2(16) (36)

the total dry ash free gas mass:

CO2 + SO2 (dry gasses formed)
+ nitrogen in air from oxygen needed for combustion

+ nitrogen in coal

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

(32/12 xC + 32/4xH + S - 02) x 76.86/23.15

+

+ N2

the maximum theoretical CO2:

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

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

the maximum theoretical CO2 = 1.393 kg and total dry gas = 5.279 kg.
The CO2** = 26.388 %

The clean air O2 on the graph is then 23.15 % (instead of the 20.95

volumetric).
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http:76.86/23.15

The y = mx + ¢ of this gravimetrical graph amounts to:

CO2* = CO2**(1 - 02/23.15)

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.1) to more significant figures were used. An ac£ua1
test example illustrated the following difference between the old and
revised Ostwald diagrams:

Actual measured volumetric dry O3z % = 5.6 (by caravan analyser)

5.973 % gravimetric dry

From the above formula, the corresponding CO2* 19.579% (gravimetric)

Back calculated:

13.349% (volumetric)
The caravan analyser measured: actual CO2 = 13.2% (volumetric)
The old volumetric Ostwald diagram and formula produced:

COoz2* = 13.9 %
which is less accurate than the above 13.349 produced by the revised

gravimetric diagram.
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A7 BACK-END GAS ANALYSIS AND MASS FLOW RECONCILIATION

The back-end gas analysis from the caravan facility was identified and
utilised as a powerful tool to serve as one link 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, SOz 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 CO2 for complete
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Table A.5:  BACK-END GAS ANALYSIS

: v (@b ) He=axb) (d =o/bs100): (e} 4 {f)
i ! Weasured | d \Gravimetric % Gravimetric %!
! Gas | Amalysis [Molecular, ,MmmnHMMMMQWMWW
,component 'Voluletric % mass ‘kg/IOO 0le| kg/IOOkg gas . ' '
H V(= wole %) . kg/wole | ! ' ; THEORETICAL | PRACTICAL |
) ] ] 1 I 1
] I I I 1 I | 1
S (T 80.774 ; 28.013 } 2262.731 | 73.607 | 455,522 . 448.492

I ! 1 1 i t 1 ]
| 1 ] [} 1 i | i
/S 3,013 1 31,999 1 96.414 | 3,136 | 19,410 | 19.110 |
i ] ] 1 | 1 | :
oK 083 ) 46,006 ; 29121 095 | 586 76
] 1 i ] I i ] 1
] | | i | ] | 1
Vs 1020 64,059 6,533 Y 1.315 1,295 |
] ] i } ] i 1 1
1 | 1 ] 1 } i t
| B 047 1 28.010 1,328 ) 043 267 263
] ] | | 1 ) i :
I &) S 16.000 ; 44.010 | 704.160 ; 11.906 141.762 | 139.572 |
] ] I ] 1 I 1 1
i I | 1 I | I i
| Plue gas | 100.000 \Mixture =,  30.741 | 100.000 | 618,859 | 609.109 ,
! '. . 1 : : :

combustion is determined first:
C + 02 = CO2
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 CO2 is produced.

This is the maximum theoretical amount of COz 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

2C0 + 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 CO2.
From the above equations the amount of CO formed is calculated by:

CO = (ppm CO/1000000x100) x (28.013/Mmnixture) X (flue gas/100 kg coal)
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the resulting CO2 can now be calculated by:

COz = 88.019/56.019 x [ 56.019/24.022 x (C - Cunburnt X ash% /100)
- CO(as above) ]
with this new value of COz, 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 CO2

Paraméter:Formula i Iteration 1 Iteration 2 Iteration 3

= f(flue gas(i))

] 1] )
] 1 ]
' H '
Cco 1as above, 0 : 1= f(flue gas(2)) |
1 ] ] 1 []
] ] ] i [}
CO2 las above| = f(CO(1y) | = f(CO(2)) ' = f(CO(3)) :
] ] ] I 1
t I 1 1] 1
flue gas }as above{ = f(COz2¢1)) { = f(CO2¢2)) : = f{(COz2(3)) :
[} 1 I 1 ]
H ] 1 ) t
Firstly, the CO is calculated as a function of the flue gas in the

previous column (iteration). Then the CO2 is calculated as a function
of the CO in the same column (iteration). The flue gas is then
calculated as a function of the CO2 in the same iteration, all
according to the formulae derived above. Iteration 1 1is started by
entering zero CO formed. The resulting COz and flue gas will be equal
to the theoretical amount. The iteration is then repeated wuntil 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/100 kg coal. This
is necessary fpr 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 wvalue (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)
loverall = - -
coal mass flow X Ccv

The USC 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 éhases
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(14.25) the

following arguments can be offered:

~ The bomb calorimeter is an artificially 1ignited 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(25) that the bomb 1is 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 = OCVair dried X ———— o~
{100 - Inherent moisture)

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

separate CV’s of its constituents is:
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CVas fired = mee———— _ ————————
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 CO:2 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 1is 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 02z % (0.0007 instead of 0.0008). This results in a
very small difference in the final answer, but 0.0008 1is 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
quality 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 anc
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 = «» X (Total aerofoil air + in-leakages)

where © = 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
con&eyor (SSC) 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 1is 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 1in 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 (10.7) 3.98 (10.1) 4.53 (12.1)
+ 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 (11.3)

- Moisture in fly ash 6.39 5.92 3.51
Total moisture in flue gas 51f85 Sgiéé SETEg
Flue gas-Moist. corr. fact. 0.957 0.954 0.656
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 t 24%), followed by moisture in air (%t
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 TEMPERATURE BACK-END MONITORING

B.1: ECONOMISER 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 1is calibrated(22) in clean air and
thereafter with spegially prepared test gas containing 3 % Oz. 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.



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. 3
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.



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:

1

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 Pdayn = 0,5 x density x V2
V is proportional to 4 (Pdayn)
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



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: ID FAN OUTLET SAMPLING POINTS

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

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.




Table B.1:

LEFT HAND OUTER GAS DUCT TRAVERSE

LH OUTER

Matrix Pstag Pstat Pdyn Temp V-fact V-factxT
Al -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

T A4 -1.64 -1.66 .02 128.80 14.14 1821.51
B1 -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
D1 -1.72 -1.84 .13 117.80 35.36 4164.86
D2 -1.67 -1.77 .09 122.90 30.66 3768.04
D3 -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 -1.73 .09 125.46 30.65 125.34

See overleaf for graphical view of above table




LEFT HAND OUTER CASING

GAS FLOW DIRECTION
-~

VELOCITY WEIGHT FACTORS

D 118 123 127 117
35 31 31 31

C 121 128 130 118
46 32 33 38

B 123 131 134 122
27 33 34 36

A 124 130 133 129
17 35 39 14

1 2 3 4
LEGEND:
TEMPERATURES °C TEST MEASURING POINT: C1

VELOCITY WEIGHT FACTOR: 31

:1°g sun3Ld

dSYIAVEL LONA SVD WALNO ONVH L1491



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
Bl -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
D1 -1.66 -1.74 .08 120.30  28.81 3465.81
D2 -1.57  -1.64 .08 141.30  27.57 3895.37
D3 -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  142.92

See overleaf for graphical view of above table



LEFT HAND INNER CASING

—

GAS FLOW DIRECTION
-

:Z°d aIn31Jg

dSYIAVEL 1O SVO YNNI (ONVH LJd1

[D] 120 141 151 152
29 28 24 25
120 145 150 153
. 28 26 30 43
128 146 150 154
30 34 ‘4?; 32
123 145 149 152
29 26 31 26
1 2 3 4
LEGEND:
TEMPERATURES °C TEST MEASURING POINT: B3

VELOCITY WEIGHT FACTORS VELOCITY WEIGHT FACTOR: 31




Table B.3: RIGHT HAND INNER GAS DUCT TRAVERSE

RH INNER
Matrix Pstag Pstat Pdyn Temp vV-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
AN
A4 -1.82 ° -1.90 .08 140.60 27.93 3926.74
B1 -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
C1 -1.79 -1.96 .18 155.60 42.19 6564.77
Cc2 -1.84 -1.98 .15 153.10 38.08 5829.87
C3 |
Cc4 -1.86 -1.95 .10 139.10 31.30 4354.52
D1 -1.93 -2.02 .09 155.20 30.33 4707.45
D2 -1.87 -1.98 .12 154.20 4 34.35 5296.94
D3
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



01 - d

RIGHT HAND INNER CASING

GAS FLOW DIRECTION
>

:g°d 2In3T1g

D 155 154 0 140
30 34 0 30
C 156 153 0 139
42 38 0 31
B 155 153 0 140
64 46 0 32
155 151 0 <141
E |'71 47 0 28
] ] ]
LEGEND:
TEMPERATURES °C TEST MEASURING POINT: A1

VELOCITY WEIGHT FACTORS VELOCITY WEIGHT FACTOR: 43

dSYHIAVAL 1O0d SVD WANNI ONVH IHOIY



Table B.4:

RIGHT HAND QUTER 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
Ad -1.92 -2.29 .37 120.40 61.07 7353.28
B1 -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
C1 -1.86 -2.00 .14 134.90 36.74 4956.54
Cc2 -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
D1 -1.87 -2.00 .13 134.15 35.36 4742.92
D2 -1.93 -2.00 .07 130.40 27.02 3523.21
D3 -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

B-11




1 - €

RIGHT HAND OUTER CASING
w
|GAS FLOW DIRECTION |
Pl
D 134 130 123 114
35 27 29 34
C 135 134 128 119
37 33 33 37
B 137 132 127 120
54 29 46 58
W 135 130 127 120
. 40 34 44 *1
7 = Bl
LEGEND:
TEMPERATURES °C TEST MEASURING POINT: A4

VELOCITY WEIGHT FACTORS

VELOCITY WEIGHT FACTOR: 41

ip°g sInB14g

IO

dSTIAVEL 1ONd SVD ¥ALNO
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LOW GRADE COAL LIMITS




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.1, 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.

USO [MW] = LOAD % / 100 x 593

593 MW is the nominal design MCR USO.

UNITS GENERATED [MW] = USO + 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



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
unit (vs. the whole station), steady load (vs. AGC), 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

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.



NOMINAL LOAD PER MILL [MW] = BOILER LOAD [MW] / AMOUNT OF MILLS IN

SERVICE

LOAD PER MILL BIASED DOWN (-) [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 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.

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 A DOWN BIASED MILL (-) WITH NORMAL DISTRIBUTION
AMONGST 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 46,153 percent deviation from the
average respectively, resulting in the factors for multiplying the

nominal distribution burner loads below.

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

LOAD PER BURNER WITH NORMAL DISTRIBUTION [MW] x 0.94692

LOAD PER BURNER OF A MILL BIASED DOWN (-) AND WITH LEAN
MALDISTRIBUTION (-) [MW] = LOAD PER BURNER OF A MILL BIASED DOWN (-)

AND WITH NORMAL DISTRIBUTION [MW] x 0.94652

PERCENTAGE BURNER LOAD (-) = LOAD PER BURNER BIASED DOWN (-) AND WITH
LEAN MALDISTRIBUTION (-) [MW] / 56 x 100

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

on 5 mills i/s at MCR.



PF FINENESS, % PASSING THROUGH A 75 um 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 um 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, 1is 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 + ¢

(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 + ¢ (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 [MI/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. 1is 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 1is as constant as
possible, thus eliminating it as a variable, as much as is

practically possible.

LOWER CV NOMINAL AS FIRED [MIJ/kg]
= MILL LOAD [MW] / ((PA FLOW - 17.1429) / 0.26577 x 2 x 3.6)
This y = mx + ¢ type equation is derived from the combined eguations

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/s.

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 MOISTURE) /
(100 — TOTAL MOISTURE)

Standard formula.

LOWER CV LIMIT AIR DRIED [MJ/kg] = IF BURNER LOAD % < 50%, "NO GO"
IF BURNER LOAD % < 70%, 15 MJI/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). 1t 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
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 %

A

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 VOLATILEALIMIT 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 1is 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 MOISTURE) / (100 - INHERENT MOISTURE)

Standard formula.

LOWER CV AIR DRIED CRITERIA = IF THE LOWER CV NOMINAL AIR DRIED 2

LOWER AIR DRIED CV LIMIT, PRINT THAT VALUE OF CV, OTHERWISE "NO GO"
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Table C.1:  ITERATION POR LOVEST POSSIBLE LINIT OF COAL QUALITY

L0AD USO UNITS EFFICIENCY BLR NILLS MILL§ LOAD  LOAD W 1] W L] ' PA FLO¥ LOVER CV LOWER .LOWER LOWER CV LOWER CV LOWER HIV LOWER VOL LOWER VOL LOWER CV
Y N¥ GEN b LOAD 1/§ BIASED /NILL /WILL /BURNER /BURNER /BURNER /BURNER BURNER P FIN  /KILL ~ NOWINAL INKERENT TOTAL  NONINAL LINIT  LINIT  LINIT  LINIT AIRDRIED
1] L] NONINAL -BIASED NONINAL -BIASED NONINAL ~ -BIASED LOAD %<75um Kkg/s  AS FIRED NOISTURE MOISTURE AIRDRIED AIRDRIED AIRDRIED AIRDRIED AS FIRED CRITERIA
¥ KW DISTR DISTR -NALDISTR -NALDISTR (-} LOYER CV Mijkg %  MNOMINAL  NJ/kg  Wi/kg  W)/kg H H
102 605 630 35.06 1725 6§ 2 0 I 48 46 45 4 9% 82 .30 1354 5.3 14,50 4.5 U 18.37 1716 N &
102 605 630 3506 115 31 Moo 38 36 34 5 9% 80 9.3 1335 53 1450 145 i 1831 1116 1450
102 605 630 3506 1725 5 1 W 38 56 34 53 95% 80 29.3 1135 5 1450 M5 2 837 106 130
107 605 630 3506 1725 4 1 LX) I OV Vi 10 68 g6 113% 77 R 1M 5D 1450 135 15 18.08 16,89 1450
102 605 630 .06 M5 & 1 a4 n 10 68 66 119% 7 LB .M 5D s 135 15 18.08 16,89  14.50
§9 525 550 3525 1488 6 2 ug W 4l 40 %9 38 68% 83 25.81 13.54 5.3 14.50 15,0 1 18.50  17.30 N0 GO
g9 525 550 3525 1489 5 ] % 288 30 48 41 45 82% 81 2766 1355 5. 1450 1.5 U 1837 1116 14,50
§9 5215 50 3525 8y 3 2 9 88 30 48 47 45 828 81 1766 1355 53 W5 145 1 18,37 1016 1450
§9 515 550 325 8% 4 moow 82 60 59 5T 1019 0. 1355 5 1450 135 9 18.08  16.89  [4.50
§9 515 50 X5 M8 4 12 moow 6l 60 59 ST 102% 19 0.2 1355 5 1.5 135 15 18.08 16,89  14.50
80 475 500 3537 M3 6 ) /YL ) | 1 36 33 i 6% 84 3505 13.5¢ 5.3 1.5 1450 (5.0 1 18,57 1730 OGO
80 475 500 3537 143 5 1 369 260 45 4 42 41 4%y 81 26,63 1354 5.3 1.5 1450 WS 1 18.37 17.16 M0G0
80 475 500 3531 1My 0§ 2 6% 280 43 43 42 41 4% 82 6.3 13.5¢  S.3  1f5 1450 145 il 1837 17.16 M0G0
8 475 00 15 1My 4 W NS s 54 53 51 5% 80 29.00 1335 S IS 1430 14S ) 18,31 116 14,50
8 475 500 3531 1 4 1 ¥ N5 6 54 5 51 9% 80 29.00 1355 53 LS S0 148 1 8.3 1016 1450
745 450 340 1200 6 2 0 1% N 1 3 i SR 8% W 105 53 .50 15.0 1 1852 1.0 NGO
7745 450 35.40 1200 5 1 H0 23 40 39 38 i 66k 83 35.63 13.53 3. 1449 150 1 8.5 17,30 M0G0
7425 450 3540 1201 5 2 0 237 40 39 38 i 668 8 25.63 1353 5 49 150 1 1852 1730 W@
745 450 3540 100 4 00 %0 50 48 47 46 8% 81 M 13155 3 .50 145 1 1837 1116 1450
7045 450 .40 1200 4 2 00 2% 30 48 41 46 §3% 81 M 135S 5 14.50 145 )| 18,37 (116 1450
45 450 3540 1201 )l 0o BT 8 85 83 61 1108 78 M8 1.3 3D 30 1.5 19 18.08  16.89 1450
63 35 400 3533 1062 6 2 m o 29 28 1 49% 85 1 1S 53 IS 1450 NOGO  NO GO JVALUE!  JVALUE! /Al
63 315 400 3533 1062 5 ! W0 ¥ ¥ M 3 8% 84 B4 1355 53 1L W0 150 1 1852 1130 MG
6 315 400 3533 1062 5 1 o ons % % i i 8% 8¢ 264 1355 S LS 1450 150 1 18,50 1130 M0G0
6 375 400 3533 1060 4 1 85 11 4 4) 42 41 73 82 2657 13.5¢ 53 1S 449 1S 1 1837 17.16 N0 GO
8 375 400 3533 1062 4 1 %5 151 4 43 42 41 7381 3650 133 5.3 115 1449 .S 1 1837 1716 NG
63 375 400 3.3 1062 ) ! B M0 51 56 54 97% 80 9.6 1355 5.3 1L 1450 143 1 18,37 1116 1450
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Table C.2;  ITERATION FOR LOWER LIMIT OF COAL T0 BE ORDERED

LOAD USO UNITS EFFICIENCY BLR NILLS MILLS LOAD  LOAD NV ] 1] L] ] PA FLOW LOVER CV LOWER  LOWER  LOWER CV LOWER CV LOWER HIV LOWER VOL LOWER VOL LOWER CV
YW GEN b LOAD 1/S BIASED /MILL /NILL /BURNER /BURNER /BURNER ~ /BURNER BURNER Pf FIN ~ /MILL ~ NOMINAL INHERENT TOTAL ~ NONINAL LIMIT  LIMIT  LINIT  LINIT  AIRDRIED
L] L] NOMINAL -BIASED NOMINAL -BIASED NOMINAL ~-BIASED LOAD X<5pm kg/s  AS FIRED NOISTURE MOISTURE AIRDRIED AIRDRIED AIRDRIED AIRDRIED AS FIRED CRITERIA
L KW DISTR DISTR -NALDISTR -MALDISTR (- LOVER CV Mifkg X NONINAL  NJ/kg  N)/kg  W)/kg . "
102 605 630 35.06 1725 6 2 8 218 48 46 45 4 9% 82 267 1438 49 108 1530 1S )| 1831 1.8 15,3
102 605 630 3506 1715 5 1 R[AT AL 36 54 5) 95k 80 1863 1437 49 108 1531 14S U 1831 1128 151
102 605 630 35.06 1725 5 2 uso3 38 56 54 5) 95% 80 2.6 1437 49 108 1531 145 )| 18,37 1115 5.3
102 605 630 35.06 1725 4 1 #1041 n 10 88 66 1% 78 3149 1438 49 108 1532 135 19 18.08 16,97 5.3
102 605 630 35.06 1725 4 1 LX) Y OV B Vi 10 68 66 119% 78 349 18 49 108 1531 103 19 18.08 1697 15.3
§9 515 S50 3525 1489 6 1 ug 10 4l 40 kL 38 85 84 2540 1438 4.9 0.8 1532 150 i 18.52 1738 5.3
89 525 530 35.25 1489 5 1 198 188 50 48 4 45 8% 82 27.06 1437 49 108 1331 W45 U .37 1.4 1531
§9 525 550 35,35 M489 5 2 98 288 30 48 47 43 8% 82 2706 1437 49 108 1531 4.5 1 18.31 1.4 5.3
89 525 550 3515 189 4 | m oo 62 60 59 5T 1008 80 2953 1438 49 108 1532 10§ 19 18.08 1697 1532
89 515 530 3525 M8 4 1 im0 62 80 59 51 102% 80 295y 148 4% 108 1531 145 19 18.08 16,97 15.32
80 475 500 3. 143 6 1 w U " 36 35 i 6% 84 459 1438 49 10.8 15,32 150 1 .51 1.8 5.1
§0 475 500 3531 1) 5 1 269 260 45 4 {1 4 MY 83 2608 1438 49 108 1532 14.5 )| 18.37 17,25 15,32
80 475 S00 3531 M3 5 2 269 260 45 4 42 4 My 8% 2608 1438 49 108 15,32 143 )| 18.37 17,25 15.3
80 475 500 3537 1My 4 | ¥ 35 36 54 53 51 9% 81 831 1438 49 108 1532 145 1 8.3 1. 6.1
§0 475 500 3T (MY 4 1 e 3536 54 53 51 92% 81 2830 .38 49 108 1532 1S A 1831 1.8 5.3
45 450 .40 1200 6 2 W 1% 0B 1 1 i 5% 85 1380 1438 49 108 1532 150 1 8,52 1.8 18R
12425 450 3540 1201 5 | w232 3 38 3 6% 84 25,13 1498 49 10.8  15.32  15.0 1 18.52 11,38 15,32
12425 450 35.40 1201 5 2 M0 23 40 3 38 i 66% 84 25.13 1498 4.9 108  15.32  15.0 1 1852  17.38 15,32
12425 450 35.40 1201 4 1 00 2% 50 48 41 46 g% 82 2713 1498 49 10§ 15,33 4.5 U 8.7 17.15  15.%2
7425 450 3540 1201 ¢ 2 300 290 50 48 4 46 g% 82 27,13 1498 49 108 15,33 4.5 )| 837  17.15  15.3
L7 Y I R 1 R /1) N B 00 381 67 65 8 61 1108 79 3046 1438 49 108 {531 135 19 8.08 1697 1532
63 315 400 3533 1062 6 2 m m n 1 B 1 9% 86 2303 1438 49 108 1532 NOGO WO GO BVALUE!  JVALUE'  #N/A!
6 315 400 3533 1062 5 | 05 3 i k[ i S8R 85 W 1431 49 0.8 (531 150 1 1851 1.8 153
63 315 400 3533 1062 5 2 05 ¥ i % 3l 8% 83 WU Wy 49 108 1530 150 1 8.2 1.8 15
63 373 400 35.33 1062 4 1 65 151 4 4} 41 4 7883 25.98 1437 49 0.8 1531 4.3 )| 8371 1.4 5.4
63 315 400 3533 1062 4 2 %S BT M 4} Y 41 DY 8 25,98 1431 49 108 1531 W45 | 8.3 W 5.3
6 315 400 3533 1062 3 ! EAL ST 51 56 54 97% 80 2892 T 49 108 15831 145 1 837 1.5 15
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Table C.J:  ITERATION FOR LOVER LINIT OF ACTOAL TEST COAL

L0AD USO UNITS EFFICIENCY BLR NILLS NILLS LOAD  LOAD  N¥ 1] (1] L] i PA FLOF LOWER CV LOWER  LOWER LOWER CV LOVER CV LOWER HIV LOWER VOL LOWER VOL LOWER CV
Y W GEN b} LOAD 1/S BIASED /NILL /MILL /BURNER /BURNER /BURNER /BURNER BURNER P{ FIN /MILL  NONINAL IHERENT TOTAL  NONINAL LINIT  LINIT  CINIT  LINIT  AIRDRIED
1] K NONINAL -BIASED NONINAL -BIASED NONINAL -BIASED LOAD %<75um kg/s AS FIRED MOISTURE NOISTURE AIRDRIED AIRDRIED AIRDRIED AIRDRIED AS FIRED CRITERIA
] KW DISTR DISTR -NALDISTR -MALDISTR (-} LOER CV Ni/kg % NOMINAL  Wi/kg  Ni/kg  Ni/kg b} "
100 605 630 35.06 175 6 3 88 18 48 46 45 4 9% 81 2655 1462 3.2 §.4  15.460 W45 1 18.37 11,38 15.46
102 605 630 35.06 1723 5 | WoooW 3B 36 54 53 9% 81 .43 146y 32 8.4 1546 143 U 1831 1.8 1546
102 605 630 3506 1725 5 2 WM 3B 36 54 5] 95% 81 .43 W) 32 §.4 1546 143 1 18,37 1138 15.46
102 605 630 35.06 1725 4 | 41 47 N 10 68 66 1% 78 3.5 1463 3 8.4 1547 135 19 18.08 (.10 15.47
102 605 630 35.06 1725 4 2 841 4 N 0 68 66 119% 18 3L W6 3l 8.4 1347 135 19 8.8 10,10 15.47
§9 515 S50 3525 M89 6 2 woou 4 40 RL 18 68% 84 25.26 1463 .2 8.4 15,47 150 1 1850 1151 1547
§9 525 550 35,25 1488 5 1 % B8 S0 48 47 45 §2% 82 26.8% 1460 3.1 §.4 1546 145 U 18.37 1738 15.46
§9 535 %0 5.5 1489 5 2 298 88 0 48 4 45 2% 8 26.89 14.60 3.2 §.4 15.46 4.5 )| 18.37 17,38 15.46
§9 515 550 3525 M8 4 K% 6l 60 59 ST 1028 80 9.32 1463 32 §.4 1547 135 19 18.08 1010 5.4
8% 515 S50 355 1489 4 2 moow 6l 60 59 ST 1028 80 29.30 1463 3.2 8.4 1547 133 19 8.8 110 15,47
§0 475 S0 B 14 6 2 Wi N 36 33 W 628 84 W4T 46l 32 8.4 1545 150 1 1852 1151 15.45
80 475 00 3531 1M3 5 1 3 60 4 43 4l 4 %83 2593 1462 3.} B4 1546 W5 )| 18,97 1138 15.46
80 475 S0 35,37 1My 5 2 69 %0 4 43 41 41 uy 8 2593 1460 3.2 §.4 1546 145 U 18.97 1738  15.46
§0 475 500 B 1y 41 %6 N5 6 54 53 51 9% 81 8.3 M2 12 8.4 1346 145 U 18,37 1.8 15.46
80 475 S0 3537 14y 4 2 %6 N5 36 54 5] 5t 9% 81 8.3 W62 31 §.4 1546 145 ) 18,37 1.8 15.46
70415 450 540 ot 6 2 00 1% 3 3 1 1 5% 85 1369 1462 32 8.4 1546 15,0 1 18,52 1051 15.46
70415 450 .40 1200 5 L W oowm 39 18 kY 6% 84 25.00 1462 3.2 §.4 1546 15,0 1 18,52 1152 15.46
745 450 340 101 5 2 wooWm 3 38 3 66% 84 25,00 1462 12 8.4 1346 15,0 1 1852 1152 15.46
70425 45 3540 1200 ¢ | 00 290 50 48 41 46 8% 82 26.96 14.63 3.2 §.4 1546 145 U 18.37 17,38 15.46
7425 450 3540 200 ¢ 2 00 290 50 48 47 46 838 82 2696 1463 3.2 §.4 1546 145 U 18.31 1738 15.46
45 450 3540 00 3 40 BT 6 63 83 61 110X 7% 3023 1463 3.2 8.4 1541 133 19 18.08 1210 1547
63 5 400 3533 1062 6 2 m oy 3] 28 1 9% 86 293 1463 32 §.4 1546 NOGO  NOGO  JVALUE!  4VALUE!  ji/a!
63 N5 400 3533 1062 5! W5 % 4 34 12 8% 83 .09 1462 )12 8.4 1546 15,0 1 18507 1131 15.46
63 N5 400 3533 w082 5 2 a0 NS 8 4 M 3 8% 85 .09 1462 )2 §.4 1546 150 1 1852 1031 15.46
63 375 400 35,33 1062 4 | %5 231 M 4 42 41 % 83 2583 1461 3.2 §4 1545 145 1 18.31 17,98 15,45
63 375 400 35.33 1062 ¢ 2 %5 A1 4 4 42 41 73% 83 15,83 14,60 3.2 8.4 1545 145 1 8.3 17.38 15,45
63 315 400 3533 1062 3 KL [V §1 36 54 9% 80 28.72 162 32 8.4 1546 145 U 18,37 1.8 1546
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APPENDIX D: 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 D.1, Table D.2 and
Table D.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] = USO + 25 )

25 MW 1is the approximate nominal auxiliary electrical power
consumption for one unit. This 1is 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 lcad (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 USO is wused 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. AGC), overall
efficiencies per load for the whole wunit (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 1i/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 (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] / AMOUNT 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 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 AMOUNT OF MILLS BIASED DOWN) / (MILLS i/s - AMOUNT OF MILLS

BIASED DOWN)



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 1LOAD 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 DISTRIBUTION

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 MALDISTRIBUTION (+) [MW] = NOMINAL

LOAD PER BURNER WITH NORMAL DISTRIBUTION [MW] x 1.06153



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

DISTRIBUTION [MW] x 1.06153

PERCENTAGE BURNER LOAD (+) = LOAD PER BURNER BIASED UP (+) AND WITH
RICH MALDISTRIBUTION (+) [MW] / 56 x 100
The nominal load per burner for the Lethabo furnaces are 56 MW, based

on 5 mills i/s at MCR.

PF FINENESS, % PASSING THROUGH A 75 pm SIEVE = -0.94523 x PA FLOW +
107.55111

The wunit 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 um sieve) as a function of PA flow
(kg/s) (see Figure 4.1). A linear regression of these points produced
a vy = 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



{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 + ¢ (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. 1is 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" 1is 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.

UPPER CV NOMINAL AS FIRED [MJ/kg]

= MILL LOAD [MW] / ((PA FLOW - 17.1429) / 0.26577 x 2 X 3.6)
This y = mx + ¢ 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 cobtain the flow

for both feeders and the 3.6 is to convert tons/h to kg/s:.

UPPER CV LIMIT AS FIRED [MJ/kg] = UPPER CV NOMINAL AS FIRED [MJ/kg] /
LOAD PER BURNER BIASED UP (+) AND WITH RICH MALDISTRIBUTION (+) [MW] x
56 (nomingl 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 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.

UPPER CV NOMINAL AIR DRIED [MJ/kg]
= UPPER CV NOMINAL AS FIRED [MJ/kg] x (100 — INHERENT MOISTURE) /
(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 [MJI/kgl x

(100 - INHERENT MOISTURE) / (100 - TOTAL MOISTURE)

Standard formula.



UPPER CV AIR DRIED CRITERIA := IF THE UPPER CV AIR DRIED LIMIT >
NOMINAL UPPER AIR DRIED CV BY MORE THAN A 0.5 MARGIN (safety factor),

PRINT THAT VALUE OF CV, OTHERWISE "NO GO"
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Table D.{;  ITERATION FOR RIGHEST POSSIBLE LINIT OF COAL QUALITY

[0AD USO ONITS EFFICIENCY BLR KWILLS MILLS [0AD LOAD ¥ k¥ ¥ ¥ 1 PA FLOW UPPER CV UPPER CV  UPPER  UPPER UPPER CV UPPER HIV UPPER VOL UPPER CV UPPER CV
1 WP GEN 1 LOAD 1/S BIASED /WILL /MILL /BURNER /BURNER /BURWER /BURNWER BURNER Pf FIN /NILL  NONINAL LIMIT INHERENT TOTAL  NOMINAL NONINAL NONINAL  LINIT AIRDRIED
L] 1] NOMINAL +BIASED NONINAL +BIASED NONINAL +BIASED LOAD %<75pm  Xg/s  AS FIRED AS FIRED WOISTURE MOISTURE AIRDRIED AIRDRIED AIRDRIED AIRDRIED CRITERIA
] KW DISTR DISTR +KALDISTR #MALDISTR (#) UPPER CV  Ki/kg  Kifkg 5 NOMINAL KJ/kg 1 1 Nifkg
102 605 630 3506 1125 6 2 wW 4 49 51 51 9% 84 2456 1855 2486 3.2 111930 % .40 25.88  19.31
100 605 630 35,06 1735 § 1 WS Mg 5§ 58 61 62 11% 83 26.05 18,53 2087 3.1 T 1830 3490 2040 20,73 19.30
102 605 630 35.06 1735 § 2 WS 38 38 39 61 62 113% 83 26.05 18,53 0.9 3.2 10 1930 4.9  20.40 2144 19.30
102 605 630 35.06 1725 4 | #4146 N 1 16 M1 8 8.1 1855 1666 3.2 01930 9 w4 1135 NG
102 605 630 35.06 175 4 ] 1 48 N 4 76 % 4% 8 B 1855 16,30 31 L1 19310 393 10.40 16,98 MO GO
8 525 350 3525 M8 6 2 21 A YR | §1 4 4§ §1% 85 2035 1853 8 3 .00 1930 M.90 040 .96 19.30
§9 515 350 325 1489 5 9 00 30 30 5 3 9% B4 248 1854 w18 31 T 1930 91 040 2518 19.30
§ 525 50 s 1489 s 2 %8 0430 51 5) 54 7% 8 1.8 1854 18 Ll 111930 3491 040 2484 19.30
89 535 350 35.25 1489 4 1 M 36 62 63 86 67 1208 82 26.75 18.5¢ 19,29 3.1 .0 1931 492  30.41  20.08 191
89 525 350 35.35 1489 4 1 N 385 62 b4 86 68 1298 82 2675 18.5¢ 18.88 3.1 .0 1931 3492 2041 19.66 9.3
80 475 300 353 1My} 6 2 w1 n 3 # 40 386 2197 1853 M9 3 T 1930 .90 2040 31 19
0 415 300 3.3 4§ Y1) B 4§ 48 48 6% 85 24.07 1855 2683 3.1 T 1930 49 041 1194 190
80 4715 500 ¥ 1My 52 M 4§ 46 4 49 88% 85 W07 1855 2647 31 L1 1930 M9 2040 1156 19.31
§0 475 500 3531 1) ¢4 1 396 N5 56 51 59 60 108% 83 25.81 1853 21,39 3.2 L1 19,30 .89 20.40 2221 19.30
80 475 500 3531 1M3 ¢ 1 36 W1 56 38 39 61 1% 83 2581 18,53 20.93 3.2 1 19.30 34.8% 2040 2180 1830
45 450 .40 100 6 2 0 W » i 35 36 658 86 2131 1853 3568 32 11929 388 040 S 19029
45 4500 3540 101 5 Ho U2 W 40 §2 43 8 M 185 9.9 32 T 1930 349  20.40 323 18.30
N4y 4500 w40 12010 5 2 H U 4l {1 3 /%85 20 1854 WS 2 0 1930 3480 2040 30.81  19.30
745 450 35.40 1201 4 1 00 03 30 31 §3 34 97% &4 2489 1853 2393 32 0 1930 3490 2040 2491 19.30
10415 430 35.40 1201 ¢ 3 00 30 30 by 33 33 99% 84 2489 1853 1340 3.2 .0 1930 3490 2040 2438 19.30
NS 450 3540 1200 3 40 407 6] 68 3! 1% 8 4 185 185 32 01830 M9 W41 1859 NOGO
6 35 400 3533 1062 6 2 moo1s 30 k)l 1 o8 185y 403 32 10 1930 389 2040 42.03 1930
63 315 400 3533 1062 5 1 u ¥ 36 38 38 68% 86 2262 18.5¢ 3393 3.2 01930 39y 0.4 3.3 19
63 315 400 3533 1062 52 m ¥ 36 38 1 69% 86 2262 18.54 348 32 T 1.3 9 W4 W86 1931
6 315 400 3533 1062 4 1 5 Wy M 45 47 1 86% 85 2399 1854 21007 32 L1930 W9 w4 819 19,1
6 315 400 3533 1062 4 2 5 M Y 46 f 49 §7% 85 2.9 1854 2649 3.2 L1 1930 W9 0.4 2189 1931
6 375 400 35.33 1062 3 I 360 59 60 63 64 115% 83 26,37 1855 2020 3.3 7.0 1931 3493 2041 2103 194




11T - d

Table D.2:  ITERATION FOR HIGH LINIT OF COAL TO BE ORDERED

L0AD 0US0 UNITS EFFICIENCY BLR NWILLS MILLS LOAD  LOAD  W¥ i i L] i PA FLOY UPPER CV UPPER CV  UPPER  UPPER UPPER CV UPPER HIV UPPER VOL UPPER CV UPPER CV
1 N GEN b LOAD 1I/S BIASED /MILL /MILL /BURNER /BURNER /BURNER /BURNER BURNER Pf FIN /KILL NOWINAL LINIT INHERENT ~TOTAL NOMINAL NOMINAL NONINAL  LINIT AIRDRIED
L4 1] NOMINAL +BIASED NONINAL +BIASED NOMINAL +BIASED LOAD %<7Sys Kkg/s  AS FIRED AS FIRED MOISTURE MOISTURE AIRORIED AIRDRIED AIRDRIED AIRDRIED CRITERIA
i} NP DISTR  DISTR +NALDISTR +MALDISTR {#) UPPER CV  Mi/kg  W)/kg 1 NOMINAL  N)/kg ' b NJ/kg
100 605 630 35.06 1725 6 2 8292 &8 49 51 5l 9% 8 490 10 BN L6 1.8 1852 35T 20.06 2346 18,52
102 605 630 35.06 1725 § | M5 M8 S8 58 61 62 (118 83 2647 (7,70 1993 3.6 18 18,51  32.5¢ 20.06 2041 18.51
102 605 63 35.06 1725 3 2 W ¥y B 59 61 62 1138 83 26.47 17,70 19.66 3.6 1.8 18,51  32.54  20.06 20.18 18,51
102 605 630 3506 1725 4 | X I X S VA K 16 17 3% 80 28.80 1770 15.90 3.6 1.8 18527 3055 0.06 1693 MO GO
107 605 630 35.06 1M 42 41 H6 7 14 16 % % 80 880 10 1556 16 1.8 1851 3135 0.06 16,62 N0 GO
89 515 S50 3525 MB9 6 2 u B 4 42 4 45 §1% 85 2385 1.0 .49 )6 1.8 18,52 .55 20.06 2621 18.52
89 525 350 35.35 1489 5 1 29 300 50 50 b 5 9% 84 2519 1711 .10 3.6 18 18,52 30.56  20.06 22.96 18.52
89 325 350 35.5 1489 5 1 298 04 30 ) I I 34 97 84 25,19 111 .79 3.6 18 18,52 3256 20,06 2.7 18.52
89 525 $50 3535 1489 4 | 72 N6 62 83 86 67 1208 82 27.20 1771 18.43 3.6 1.8 1852 3251  20.06 15.44  18.52
89 325 350 3505 1489 4 2 M 85 6l 84 b6 68 123% 82 2130 1071 18,04 3.6 1.8 18,52 3257 20.06 18.81 18.52
g0 475 500 3531 1My 6 1 w m N 18 40 40 RO D9 049 36 1.8 1857 356 0.06 2839 1852
g0 475 500 3537 1My 5 %9 M4 45 48 48 868 84 440 1171 2561 )6 1.8 18,51 3056 20.06 2489 18.52
80 475 500 3530 1My 5 2 % M4 46 48 49 88 84 440 1170 1.1 L6 1.8 18,52 .56 2006 2463 18.52
80 475 500 3537 1My 4 1 36 399 36 51 59 60 108% 83 2621 17171 0.4 36 18 18,53  32.58  20.06 20.83 18.5)
80 475 500 3531 1My 4 2 /6 W56 58 b)) 61 1118 83 26.31 1971 20.01 3.6 1.8 18,53 3058 2006 2047 18.59
45 4500 M40 1200 6 2 00 0 0n 3 35 36 655 86 2055 1170 .09 36 1.8 18,52 355 2006 30.19 1852
70425 450 3540 12010 5 LI LY R 40 42 4} n% 85 .63 101 865 L6 1.8 1852 336 2006 2010 1832
T 425 450 3540 200 5 2 u us M ¢l 41 4 %85 .63 1M 2821 L6 1.8 1852 3036 2006 2.8 18.52
745 450 35.40 1201 4 i 300 303 S0 )| 53 54 97% 84 25,5 111 1086 3.6 1.8 18,52 3051 2006 2278 1852
745 450 .40 1200 ¢ 2 300 30 S0 52 N 33 9% 84 2525 1111 228 3.6 1.8 1850 351 20.06 1240 18.52
(/YA T N1V A P 11 R /1) B B 400 407 6] 68 Bt 1 130% 81 2095 111 1706 16 18 (8.5 .59 2007 1.9 KOGO
63 315 400 5.3 1062 6 2 1m0 30 i 3 8 1 14y N9 3 8.0 18,25 36 1995 318 1828
8 315 400 3533 1062 5 1 3V U 36 18 38 68% 86 22.88 1770 340 6 1.8 1850 355 2006 29.68  18.52
63 35 400 5.3 1062 5 2 VRN SV N 36 18 38 69% 86 2288 1170 3% 3.6 1.8 18,52 355 20,06 2939 18.52
63 375 400 3533 1062 4 1 5 68 U 45 47 4 §68 85 M3 1M1 U860 L6 1.8 1853 R8s 2007 2508 18,5
83 315 400 353 1062 4 2 w5 M M 46 41 49 §7% 85 4.3 101 UL )6 1.8 1853 .S58 007 .87 18,5
63 375 400 35.33 1062 3 1 354 360 39 60 83 6¢ 1158 83 26.70 1071 1929 36 1.8 18,53 3258 20.06  19.87 18.5)
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Table D.3:  ITERATION FOR RIGH LINIT OF ACTUAL TEST COAL

LOAD USO UKITS EFFICIENCY BLR MILLS NWILLS LOAD  LOAD ¥ ] L i} b PA FLOV UPPER CV UPPER Cv  OPPER  UPPER UPPER CV UPPER HIV UPPER VOL UPPER CV UPPER CV
1 W GN % LOAD 1/§ BIASED /NILL /MILL /BURNER /BURNER /BURNER /BURNER BURNER Pf FIN /MILL  NONINAL ~LINIT INHERENT TOTAL NONINAL NONINAL ~ NONINAL  LINIT AIRDRIED
i) ¥ NONINAL +BIASED NOMINAL +BIASED NONINAL  +BIASED LOAD %<75pm  kg/s  AS FIRED AS FIRED MOISTURE NOISTURE AIRORIED AIRDRIED AIRDRIED AIRDRIED CRITERIA
i} ¥  DISTR DISTR +NALDISTR #MALDISTR (+) UPPER CV  Ni/kg  Wi/kg A NONINAL  WJ/kg b b Nifkg
102 605 630 35.06 1725 6 2 8 292 4 49 51 52 9% 8 8 112 1% 59 126 1843 3229 20,02 2228 18.4)
102 605 630 35.06 175 5 | W My % 58 61 62 111X 82 26,08 17,13 19.2% 5.9 126 18,44 30,33 20.03 1939 18.44
102 605 630 35.06 1M 5 2 #5383 38 59 61 62 110% 82 26.78 17.13 19.03 5.9 2.6 18.44 333 2003 1948 18.44
102 605 630 .06 1725 4 | 61 8 1N X 16 M1 80 2919 1.3 15 59 12,6 18,46 3233 20,03 16.07 NGO
102 605 630 3506 115 4 2 31 46 N L 16 1/ 4% 80 2909 1n1y 1506 5.9 12,6 184 3233 20,03 1571 NGO
89 525 50 325 1489 6 2 g 41 4 4 4 3] §1% 85 2408 1712 2658 5.9 16 18.43 3.2 2.0 4.9 8.4
89 525 530 3505 1489 5 | 29 300 30 30 53 53 96k 83 2546 7.1 2235 5.9 12,6 18.45 32,34 20,03 21,83 18.45
§9 525 550 3525 1489 5 2 298 304 30 51 53 34 9% 83 25.46 1713 22.05 5.9 12,6 1845 3234 20,03 21.60 18.45
89 525 S0 3525 M8 4 m s 8l 83 66 67 10% 82 103 In1y 1.8 5.9 12,6 18,44 3233 2.0 1818 18.44
89 515 S50 355 M8 4 2 m oous el 64 66 68 1% 81 1.8 1.3 1045 59 1.6 1844 3033 2003 1786 NOGO
80 475 300 3.1 1My 6 2 uoa N 8 40 40 Y85 240 1L W46 59 12,6 1842 3220 20,02 27,01 18.42
8 475 300 3537 1My 5 9 M 4 45 48 48 g6% 84 .65 1N M6 5.9 12,6 18,43 3028 2.2 2366 18.4)
§0 475 500 357 1My 5 2 68 1 45 46 43 49 88% 84 .65 1012 UMY 59 12,6 1843 3228 20,00 .42 8.4
§0 475 500 35,37 1M 4 1 36 N 56 51 59 60 108x 82 26,52 17,13 19.77 5.9 12.6 18.44 32,327 20,03 16,73 {8.44
§0 475 500 3537 {3 4 ) 36 M7 56 58 59 61 111% 82 2652 1013 1935 5.9 126 18,44 32,32 2003 1944 18.44
1425 450 3540 o1 6 2 00 200 0B i 33 36 65% 86 2273 1n13 0 300 59 126 18.45 323 20,03 2836 18.45
425 450 N0 ot 5o o M1 40 40 42 4 [E T A IK R I VI KRV I S 12,6 18,44 3032 20,03 2580  18.44
45 450 35400 1200 3 2 PEII T S T i 41 41 43 [} S NIV A R A VIS kIS | B B 1.6 18,44 3231 20,0 2.5 8.4
1 43 450 3540 1200 4 1 00 301 50 51 51 54 7% 83 5.9 1112 W0 5.9 2.6 1843 3030  20.00 1164 18.43
7415 450 3540 1200 4 2 00 3030 51 5 53 9% 83 25.8% 1712 163 5.9 126 1843 330  20.02 1.7 18,43
45 4500 B4 1200 3 00 407 8 68 1 noo1% 8 831 113 1648 59 2.6 18,4 3233 20,03 1704 NO GO
63 375 400 353 w062 6 2 im0 0 k)| 3 W8 209 11t N2 59 1.6 1842 3026 20.02 3200 1842
63 15 400 3 16 5 u W% 36 38 ki 8% 86 23,07 .14 3L 5.9 1.6 18,45 3035 20,03 2818 18,45
63 375 400 3533 1062 5 2 VAV VAN 36 3 3 89% 8 2307 114 0.9 5.9 1.6 18.45 335 20,03 8.0 18.45
83 375 400 3533 1062 4 i 85 68 M 45 41 41 g6% 8¢ .56 1702 4.9 5.9 1.6 18,43 3029 2002 2384 18.43
63 375 400 3533 1062 4 2 65 MY 46 47 49 7% 84 .56 111D U6 59 12,6 18,43 3.2 2.0 2344 18,4
63 375 400 3533 1062 3 1 34 360 39 60 6 64 1158 82 2703 17,12 1865 5.9 2.6 18.43 3230 20,02 18.86 18.43
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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 AppendixAC
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 1in 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 MCR USO.



UNITS GENERATED [MW] = USO + 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 USO 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. AGC), overall
efficiencies per load for the whole wunit (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



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 Iload set-point.
The effect of biasing was brought into these calculations on each mill

combination.

NOMINAL 1LOAD PER MILL [MW] = BOILER LOAD [MW] / AMOUNT 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



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 AMOUNT OF MILLS BIASED DOWN) / (MILLS i/s - AMOUNT OF MILLS
BIASED DOWN)

(As in Table E1, 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 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 A DOWN BIASED MILL (-) WITH NORMAL DISTRIBUTION
AMONGST BURNERS [MW] = LOAD OF A DOWN BIASED MILL [MW] / 6

(As in Table E2, Lower limit)



LOAD PER BURNER OF AN UP BIASED MILL (+) WITH NORMAL DISTRIBUTION
AMONGST 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 WITH LEAN MALDISTRIBUTION (-} [MW] = NOMINAL
LOAD PER BURNER WITH NORMAL DISTRIBUTION [MW] x 0.94692

(As in Table E2, Lower limit)

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

LOAD PER BURNER WITH NORMAL DISTRIBUTION [MW] x 1.06153

(As in Table E1, Higher limit)

LOAD PER BURNER OF A MILL BIASED DOWN (-) AND WITH LEAN
MALDISTRIBUTION (-) [MW] = LOAD PER BURNER OF A MILL BIASED DOWN (-)
AND WITH NORMAL DISTRIBUTION [MW] x 0.94692

(As in Table E2, Lower limit)



LOAD PER BURNER OF A MILL BIASED UP (+) AND WITH RICH MALDISTRIBUTION
(+) [MW] = LOAD PER BURNER OF A MILL BIASED UP (+) AND WITH NORMAL
DISTRIBUTION [MW] x 1.06153

(As in Table El1, Higher limit)

PERCENTAGE BURNER LOAD (+) = LOAD PER BURNER BIASED UP (+) AND WITH
RICH MALDISTRIBUTION (+) [MW] / 56 x 100

(As in Table El1, Higher limit)

PERCENTAGE BURNER LOAD (-) = LOAD PER BURNER BIASED DOWN (~) 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, % PASSING THROUGH A 75 pm SIEVE = -0.94523 x PA FLOW +
107.55111

The wunit 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 um sieve) as a function of PA flow
(kg/s) (see Figure 4.1). A linear regression of these points produced
a Yy = 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 + ¢
(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 vyv=mx + ¢ (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 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 1is 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 El1):

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 + ¢ 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/s.

UPPER CV LIMIT AS FIRED [MJ/kg] = UPPER CV NOMINAL AS FIRED {MJ/kg] /
LOAD PER BURNER BIASED UP (+) AND WITH RICH MALDISTRIBUTION (+) [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.

UPPER 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.

UPPER TOTAL MOISTURE [%] = -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 NOMINAI. AIR DRIED [MJ/kg]
= UPPER CV NOMINAL AS FIRED [MJ/kg] x (100 ~ INHERENT MOISTURE) /
(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 1is not always true for Lethabo coal, since certain
volatiles are inert (as discussed.in Chapter 4.1). This is only done
to qbtain 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) / (100 - TOTAL MOISTURE)

Standard formula.

UPPER CV AIR DRIED CRITERIA := IF THE UPPER CV AIR DRIED LIMIT >
NOMINAL UPPER AIR DRIED CV BY MORE THAN A 0.5 MARGIN (safety factor),

PRINT THAT VALUE OF CV, OTHERWISE "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 + ¢ 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/s.
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LOWER 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.

LOWER TOTAL MOISTURE [%] = -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 [MJ/kg] x (100 — INHERENT MOISTURE) /
(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). 1t 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 10AD % < 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 1s 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 MOISTURE) / (100 — INHERENT MOISTURE)

Standard formula.
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LOWER CV AIR DRIED CRITERIA := IF THE LOWER CV NOMINAL AIR DRIED =

LOWER AIR DRIED CV LIMIT, PRINT THAT VALUE OF CV, OTHERWISE "NO GO"
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Table B.1:  [TERATION FOR THE HIGHER LIIT OF THE ACTUAL SPEC GRADE TEST COAL

L0AD USO UNITS BFFICIENCY BLR NILLS NILLS LOAD LOAD ¥ ] L] L] 1 PA FLOV UPPER CV UPPER CV  UPPER  UPPER UPPER CV UPPER HIV UPPER VOL OPPER CV UPPER CV
Y W GEM X [OAD 1/S BIASED /KILL /KILL /BURNER /BURNER /BURMER /BURNER BURWER P FIN /NILL NOKINAL ~LINIT [NHERENT TOTAL NOWINAL NONINAL NOMINAL  LIMIT AIRDRIED
1] 1] NOMINAL +BIASED NOKINAL +BIASED NOMINAL ~+BIASED LOAD X<7Sym kg/s  AS FIRED AS FIRED NOISTURE MOISTURE AIRDRIED AIRDRIED AIRDRIED AIRDRIED CRITERIA
L) KT DISTR DISTR +NALDISTR +NALDISTR (4) UPPER CV  MJ/kg  M)/kg 1 NONINAL M)/kg 1 . NJ/kg
102 605 6% 35.06 {725 6 1 88291 48 49 51 31 93% 83 2639 1497 20,00 39 10.7 1612 25,35 19.01 30.46  16.12
102 605 630 3506 (75 3 | W MWy 58 58 81 62 111% 81 2806 1498 (687 39 1.7 f6.3 25838 1900 1.4 161D
102 605 60 35.06 1725 3 2 usB N 59 b1 81 13% 81 .16 1498 1664 )9 1071613 2538 19,00 1056 181
102 605 630 3506 125 & #8186 N 1 16 %% 1 0.9 1498 1345 39 0.7 1602 25.36  19.01 1463 NOGO
102 605 630 35.06 1”5 4 1 01 46 N I 16 (L2 Y S R RS U S KIS V A N 0.7 1612 2536 19.01 1436 KO GO
§9 535 550 35.05 M489 6 2 LTI Y B ) 42 44 45 818 84 25,07 1498 2336 3.9 10.7 16,42  25.37  19.00 23.00 16.12
§9 S5 S0 35.5 1489 5 | 98 0 30 30 5 53 9% 81 26.66 14,97 (9.5 3.9 0.7 16,42 35,35  19.00 2000 16,12
89 525 550 35,25 1489 5 2 98 304 %0 )| 5 34 97% 82 26,66 14,97 19.21 3.9 0.7 1613 25,35  19.00 19.80 16.12
89 515 550 3525 M89 4 mo 6 6l 63 86 87 120% 80 29.00 1498 1559 L9 0.7 1613 2538 15,00 16,60 16.13
§9 525 550 3.5 M8 4 2 mo ¥ 6l 84 86 68 113% 80 29.03 1498 1526 39 1.7 1613 25,38 19.00 1630 16.13
§0 475 500 .7 14 6 ) wom N 3 40 40 nE 85 .29 1498 2519 39 0.7 1603 2538 19.00 2496 1613
80 475 500 35,31 1M3 0§ | B9 M 45 45 48 48 868 83 23,71 1498 2167 39 0.7 16,12 25,317 1900 IT 1612
80 475 500 3537 13 5 09 I 45 46 48 4 888 83 23,70 {498 2138 39 0.7 t6.12 35,37  19.00 3133 16.12
§0 475 300 .7 14y 4 %6 39 % 31 59 60 1088 81 2087 1497 108 39 0.7 16,12 25,35 19.00  18.10  16.12
§ 475 500 M o 4 2 ¥ W56 58 59 §1 1% 81 2081 1497 1691 39 0.7 1612 2835 19.00 177 612
45 450 40 1201 6 2 00203 0% i 33 36 65% 85 .M 1496 2882 19 0.7 1611 25,32 19.00 2015 1611
7 425 450 3540 1901 5 1 W W1 40 40 41 43 M8 8¢ .81 1498 WU 39 0.7 16,13 25,38  19.01 33,798 1613
43 4650 540 ol 5 2 U5 W 41 Ly 4 /Y 84 281 1498 2397 3.9 0.7 16,43 25,38  18.00 23.53 1613
7435 450 35.40 1301 4 1 00 33 %0 31 53 i 97% 81 2673 1498 19.33 3.9 1.7 16,42 25,36  19.01 (9.85 {6.12
43 450 3540 1201 4 2 00 30 50 §1 53 35 99% 827 2.7 1498 18.92 3.9 1.7 16,42 2536  19.00 19.51 16,12
FF Y ST VAR Y 1 R /) B 400 407 87 88 1 1% 0% 2990 498 144 39 0.7 1613 25,38 1900 1554 Mo Go
6 315 400 3533 1062 6 2 m 1 0 30 i 3 SR 86 1080 1496 3258 19 0.7 1610 2531 19.00  29.72 16,10
6 315 400 3533 1062 5 ! /1) UB M 36 3 3 68% 85 2393 149 2138 1.9 0.7 et 2530 1900 1612 1611
63 35 400 3533 1062 5 2 m om % 36 38 38 69% 85 13,93 196 2102 3.9 0.7 1610 2531 19.01 25.86 6.1
6 375 400 3533 1062 4 1 65 268 4 4§ 41 i 86% 83 25.61 14.98 21.87 3.9 0.7 1612 25,36 19.00  21.93 16.12
6 375 400 3533 1062 4 2 %5 1M 4 46 41 49 §7% 831 2560 1498 21.40 3.9 1.7 16,12  35.36 19,00 3155 16.12
63 315 400 3533 1062 3 1 B0 0§ 60 83 64 115% 81 .44 1498 16,32 19 0.7 1613 2539 1500 108 163
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Table B.2;  ITERATION FOR THE LOWER LINIT OF THE ACTUAL SPEC GRADE TEST COAL

LOAD USO ONITS BFFICIENCY BLR NILLS MWILLS LOAD  LOAD KW L1 1] L] b PA FLOW LOVER CV LOWER  LOWER  LOWER CV LOWER CV LOWER HIV LOWER VOL LOWER VOL LOWER CV
Y W GEN i LOAD 1/s BIASED /NILL /WILL /BURNER /BURNER /BURNER ~ /BURNER BURNER Pf FIN /NILL NONINAL INHERENT TOTAL  NONINAL LIMIT  LINIT  LINIT  LINIT  AIRDRIED
W ¥ NOMINAL -BIASED NOMINAL -BIASED WONINAL ~-BIASED LOAD X%<7Sus kg/s  AS FIRED MOISTURE NOISTURE AIRDRIED AIRDRIED AIRDRIED AIRORIED AS FIRED CRITERIA
Ny ¥ DISTR DISTR -NALDISTR -MALDISTR (- LOVER CV Wi/kg % NONINAL WJ/kg  Wi/kg  NJ/kg ] L]
102 605 630 35.06 1735 6 2 88 18 &8 46 45 44 /% 83 26,33 1497 3.9 10,7 16,12  14.5 )| 18.37  17.01  16.12
102 605 630 3506 1725 5 | us 358 56 54 5) 95% 81 1816 1498 9 10.7 1613 145 1 1837 17.00 1613
107 605 63 35.06 1715 5 1 uS I 5 56 54 5 95% 81 28.16 1498 39 107 1613 S 1 837 1,01 1613
107 605 630 35.06 1725 4 | #4141 0 68 66 t19% 78 30.92 1498 3% 10,7 1612 135 19 18.08 16,80 16,12
102 605 630 35.06 1725 4 2 41 4 N 10 68 66 119% 8 0.9 .88 39 107 1612 13S 19 18.08  16.80 1612
89 535 S50 35.25 1488 6 2 M8 0 4l 40 39 38 68% 84 25.07 1498 3.9 10.7 1642  15.0 1 18.52 17,41 16.12
89 525 550 3525 1489 5 1 29 288 30 48 4 45 §2% 82 26.66 1497 3.9  10.7 16,12  14.5 U 18.37  17.07 16,12
89 525 S0 3505 1489 5 2 198 188 50 48 41 45 824 82 26.66 1497 3.9 10.7 16,12 14.5 1 18.37 17,00 16.1
8 515 550 . 1489 4 moow0 62 60 59 ST 102% 80 29.03 1498 39 0.7 1613 135 19 18.08 16,80  16.13
89 55 5500 B M8 4 2 mo w0 6l 80 59 ST 102 80 2903 1498 39 0.7 1613 135 19 18.08  16.80 1613
80 415 S00 Y 14y 6 2 m e n 36 3§ 3 628 83 W13 1498 9 107 1613 150 1 .50 1. 16,13
80 475 500 3531 13 5 1 69 360 4§ 4 4 41 4% 83 35.12 1498 3.9 107 1610 14,5 1 18.37 17,007 16.12
80 475 500 3531 (M3 5 2 69 20 43 4 42 | 4y 83 35.M 1498 39 107 1612 14.3 U 18,31 17.00  16.12
80 475 s00 3530 1M3 4 1 /6 3 56 54 b §1 9% 81 27.87 497 39 107 1612 4.5 1 18,37 17.00  16.12
80 475 500 35.37  IM3 4 2 36 35 36 54 53 51 9% 81 37.87 1497 3.9 107 1612 14,5 1 18,37 1700 16.12
77425 450 3540 1200 6 2 00 1% 0N 3 i i) 5% 85 1. 1496 % 1007 1611 15.0 1 1850 A 16
7415 450 3540 1201 5 1 40 I 40 39 38 k) gox 84 24.81 1498 3.9 107 16,13 150 1 18,52 17,31 16.43
7425 450 35.40 1201 5 2 L Xy B 39 38 k) 66 B4 2481 1498 39 107 1613  135.0 1 1850 17,1 16.1
7435 450 3540 1201 ¢4 1 00 290 50 8 41 46 8% 82 2673 1498 3.9 107 1612 145 1 18.31 1700 16.12
72425 450 3540 1301 4 2 00 2% 0~ 4 41 46 8% 82 2613 1498 3.9 107 1612 W45 i 18,31 11.00 6.1
s 450 N4 0 3 00 81 6l 85 63 6L 1105 19 2992 198 9 107 1613 105 19 8.08 1680 6.1
83 315 400 3533 fo6l 6 2 mooonm 19 i 1 9% 86 2280 1.9 39 10,7 1610 NOGO  NO GO #VALUE!  JVALUE'  #N/A!
633715 400 3533 1062 5 u oW x i i 1l 8% 85 139) 186 39 107 16M1 15,0 1 8.5 U 61l
83 315 400 3533 1062 5 2 W ¥ % i 1 8% 8% 1393 1496 39 107 1611 150 1 18,50 .20 161
63 375 400  35.33 1062 4 1 85 251 M 43 41 i 73% 83 35.62 1498 3.9 10.7 1613  14.5 U 8.37  17.07 6.1
63 315 400 3533 1062 4 2 165 351 M 4 41 41 3% 83 35.62  14.98 3.9 107 1613 4.5 i 18.37 17,07 16.12
8335 400 3533 1062 ) 1 KT YA 51 56 54 97% 81 8.4 1498 L9 107 1613 145 1 1831 1.0 1613
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APPENDIX F: LOW GRADE COAL TEST DATA

Table F.1: LOW GRADE COAL 630 MW TESTS

'PARMNETER ONITS  630/20.0/14h00 630/17.5/15030 630/15.0/16030 630/12.5/17h30 630/10.0/18k45 630/7.50/20h00
FLUE GAS ANALYSIS

02 ECON AVERAGE X vol 1.1 .83 1.675 1.182 1.770 1.064
02 A/HTR OUTL AVG DRY X vol .74 11 3.902 1.383 1.841 1L.24§
01 ID DISCHARGE AVG % vol | 5.003 4.59 A 4.013 3.621 3.022
02 ECON DRY % vol 3.204 1.843 1.628 1.261 1.835 .966
02 10 DISCHARGE DRY X vol 4,983 4.453 4.131 1.335 2.926 1. 14§
C02 ID AVG DRY 1 vol 13.326 13.847 14.061 14.452 14.988 16.351
(02 {THEORETIC MAX) X mass 26.968 26.973 16.970 16.376 17.020 16.935
€02 {OSTWALD) DRY % vol 14.392 14.934 15.168 15.626 16,181 17.829
01 (OSTVALD) X vol 6.241 5.6 5.438 4.946 4.450 1.891
502 1D AVG DRY ppa 835.451 876.107 903.621 932.936 965.298 1036.890
W0z D AVG DRY ppa 634.962 641.810 644.342 678.583 691.418 661.170
€0 (CODEL) AVG DRY ppa ' 20.346 18.445 17,79 1).286 18.577 165.914

AIR & FLUE GAS PROPERTIES

BAROKETRIC PRESSURE abar 840.970 841.010 841.230 841.510 841.850 842.100
AMBIENT TENPERATURE 'C 20.140 10.350 19.750 18.700 16.450 15.430
RELATIVE HURIDITY b4 .73 H.290 30.330 L0 H.940 33.265




Table F.1: LOW GRADE COAL 630 MW TESTS (Monday, 274 May 1994)

PARANETER ONITS  630/20.0/14k00 630/17.5/15h30 630/15.0/16h30 630/12.5/17h30 630/10.0/18k45 630/7.50/20k00
DEVPOINT TENPERATURE  °C -25.015 -24.600 -24.460 -24.625 -25.460 -25.580
FD AIR INLET T.(Tdb) ‘¢ .38 3.318 13.842 13.356 32.650 31,944
A/ETR GAS OUTLET AVG  °C 146.170 147.32 147,585 148.289 149,063 150.751
MO-LEAR A/HTR OUTL 7. °C 156.085 155.872 155.789 55.264  154.859 152.353
DRY FLUEGAS EEAT LOSS KW 89.538 $1.098 85.975 83.577 81.506 14.32
[0 DISCHARGE TENP AVG  °C 137.430 138.420 138.708 138.198 138.212 138,461
OPACITY % .49 32.061 30,715 19.639 27.114 24.862
WOISTURE ATHOSPHERIC  kg/s 4553 §.418 4339 4,204 4.065 1719
MOISTURE (COAL) ky/s 8.248 8.649 7.944 8.141 8.385 9.054
WOISTURE (COMBUSTION)  kg/s 21.9% 20,554 21719 21,354 2,010 1L.161
WOISTURE (HOPPER ) /s LM 110 3.758 3.700 1.599 153
WOISTURE 70 FLI-ASH  kg/s 5.776 5.874 5.669 5.9% 6.3 6.704
NETT WOISTORE ky/s 11,691 32461 3151 AT 31,666 30.760
AIR FLOV A.FOIL mrAL kg/s 596.884 584,087 572.858 556.608 534.936 513.731
AIR FLOV TOTAL kg/s 648.917 629.711 618.326 599.019 579,218 529.745
CORE AIR FLOW s 11.930 11.930 11.930 11,93 11.930 11.9%
SEAL AIR FLOW ke/s 21942 11.942 21942 21.942 21,942 21942
AIR HTR LEAKAGE ky/s 59,059 49.603 46.153 18.636 I0.146 3.082
ESP AIR LEAKAGE kg/s 40.383 3,619 36.041 13.289 30.653 23,626
CONBUSTION AIR kg/s 539.858 530.108 572113 560.38 548072 52166
THEORETICAL AIR ke/s 531.404 533.260 532.251 531.641 530.366 529.479
STOICEION. AIR kg/s 531.410 533.262 532.263 531644 530. 366 529.419
FURNACE LEARAGE ky/s 35.000 35.000 35.000 35.000 15..000 35.000



Table F.1: LOW GRADE COAL 630 MW TESTS (Monday, 2nd May 1994)

PARAKETER UNITS  630/20.0/14h00 630/17.5/15h30 630/15.0/16h30 630/12.5/17h30 630/10.0/18h45 630/7.50/20400
CALCULATED FURNACE 02 X a2ss 1.194 1.870 1.615 1.187 148 -7
EXCESS AIR kg/s 38.454 46.843 39.921 18.741 17.706 -1.816
ECON GAS(DAF) kg/s 675.142 665.487 657.368 645.436 634.293 607.700
FURNACE GAS DRY kg/s 640. 142 630.487 622.368 610.436 399.293 572.700
TOTAL A/HTR GAS(DAF) kg/s 135.701 116.589 105.020 685.571 666.939 617.282
ID GAS (DAF) kg/s 176.084 154.268 141.062 118.861 697.391 640.508
ID GAS (CHEM. ANAL.)  kg/s 174.5%0 152.170 139.573 117.364 696.091 | 639.408
ID GAS (BALANCE TECH}  kg/s 176.099 1542717 . 141,089 118.869 697.589 640.910

VOLUNETRIC - GRAVIMNETRIC BACK-END GAS RECONCILIATION

THEORETICAL €02 kg/100kg 144.308 143.858 145.9%6 143.563 138.7117 131.317
BACK-END N2 kg/100kg 353.378 531431 531.663 308.602 476.584 419.46
BACEK-END 02 kg/100kg 38.617 33.152 30.7122 15.236 19.446 6.823
BACK-END NOx kg/100kg 461 452 449 452 431 .369
BACK-END S02 kg/100kg 1.297 1.306 1.345 1.326 1.284 1.131
BACE-END CO kz/100kg 013 | 018 012 MU 011 .087
BACK-END (02 kg/100kg 142.084 141.778 143.835 141114 136.991 134.017
TOTAL GAS kg/ 100kg 135.861 108.137 108.027 676.744 634.746 371.919

MOLE MASS (mixture)  kJ/kmolR 3037.481 3043.353 3046.078 3050. 148 3056.342 3071.305

COAL QUARTITY ARD QOUALITY

COAL VOLUNE FLO¥ /b 384.420 382,211 384.800 183.5126 381.013 379.433
COAL DENSITY TON/23 .988 1.003 979 .991 1.038 1.063

COAL MASS FLOW kg/s 105.468 106.515 104.670 106.215 109.901 142.051



Table F.1: LOW GRADE COAL 630 MW TESTS (Monday, 2n4 May 1994)

PARAMETER UNITS  630/20.0/14500 630/17.5/15h30 630/15.0/16k30 630/12.5/17h30 630/10.0/18k45 630/7.50/20h00

PROXINATE AKD ULTIMATE ANALYSIS (AIR DRIED)

INHERENT MOISTURE b 3.900 4.000 3.700 4.100° 3.700 3,600
AsH b 43.400 43.800 42.900 44.100 46.100 47.700
VOLATILE MATTER b 16.000 15.400 15.900 13.600 14.600 14.300
FIXED CARBON(BY DIFF) b 36.700 36.800 31.300 36.200 35.600 34.400
CARBON X 41.630 41.470 42.510 41.050 39.010 38.160
HYDROGEN ] 2.430 370 1.430 .30 1.340 .20
NITROGEN ] ’ 820 .960 540 480 ' .100 830
TOTAL SULPHUR b 330 470 440 870 370 340
CARBONATE { €02 ) ] 1.130 1.180 1.280 1190 1.060 1.170
OXYGEN (BY DIFF) ] 5.560 5.810 .40 5470 6.520 5.780
GROSS CV W/kg 13.570 15.620 15.930 15.320 14.860 14.400
SURFACE MOISTURE X §.080 §.290 §.040 3.7 4.080 §.650
INHERENT MOISTURE ] 140 3.8% 3.530 3.950 1,350 3430
TOTAL MOISTURE ] 1.820 8.120 1.5%0 1.670 1.630 8.080
PROXIMATE AND ULTIMATE ANALYSIS {AS RECEIVED) |

TOTAL NOISTURE ] 1.820 8.120 1.590 1.670 1.630 8.080
ASH (BY DIFF) ] §2.213 .34 42.164 42.958 43.516 44.189
VOLATILE MATTER ] 13.322 14.713 15.234 14.996 13.982 13.611
FIXED CARBON(BY DIFF) ] 34,645 34.843 35.012 34.376 H.8m 34,120
CARBON X 39.334 39.261 35.345 ¥.181 3.131 31.613
HYDROGEN ] .29 1.259 .291 1.152 47 1.183
RITROGEN ] 185 .860 .01 346 .670 190
TOTAL SULPHUR ] 311 497 A4 .691 546 ,530



Table F.1: LOW GRADE COAL 630 MW TESTS

PARANETER UNITS
CARBORATE ( €02 ) X
OXYGEN X

GCVv (AS RECD, BOMB) Wifkg
GCVv (DAILY AVERAGE) Ki/kg
GCVv (BIAS.DAILY AVE) Ni/kg

NCVp (CALCed, DULONG) W/kg

HEAT IN VOLATILES b4
CARBON IN DUST X
CARBON IN ROUGH ASH ]
NEAN CARBON IN ASH b4
NILLING PLART

NOMBER OF MILLS [/S }
NILL CONFIGURATION }

PF FINENESS {%<75p) b4

TORKING FLOID CONDITIONS
REHEATER SPRAY FLOW kg/s

FEED FLO¥ (ORIFICE) kg/s

TOTAL FEED FLOV kg/s
MAIN STEAM TEMP. C
REAEAT STEAM TENP. '
FINAL FEEDW. TENP. C

(Monday, 2nd May 1994)

630/20.0/14100 630/17.5/15h30 630/15.0/16b30 630/12.5/17h30 630/10.0/18h45 630/7.50/20k00

1.651

5.3U4

14.835

14,631

14.793

15.866

11.545

1.400

1.400

1.400

6.000

ABCDEF

81.240

13.568

491,901

505.469

540.967

335.600

2145.210

1127
3.381
14.950
14.651
14.800

15.716

1.1m

1.300
1.300

1.300

6.000
ABCDEF

76.070

13.405
194,552
507957
519.300
$15.696

25,169

1.226

3.500

13.287

14.651

14.969

16.024

12.3%9

1.400

.900

1.364

6.000

ABCDEF

81.600

12.579

192444

505.003

538.568

" 535,629

244.9350

1,144
5.138
14.750
14,651
14.700

13.768
11.178
1.600

.500

1.511

6.000

ABCDEF

78.830

12.356

495.053

507.411

537.580

535.666

144,581

1.015

6.244

14.254

14.651

14.452

15.39

17.258

1.700

1.400

1.678

6.000

ABCDEF

13.230

11.431
494,364
305.795
331,730
335.761

LIRY]

1.114

5.502

13.131

14.651

14.181

15.126

13.960

1,300

1.500

141

6.000

ABCDEF

81.610

10.343

194,547

504.890

539.174

535.800

.00




Table F.1: LOW GRADE COAL 630 MW TESTS (Monday, 2nd May 1994)

PARAMETER UNITS  630/20.0/14h00 630/17.5/15h30 630/15.0/16030 630/12.5/17h30 630/10.0/ 18045 630/7.50/ 20000

CONDENSER PERFORMANCE

C¥ INLET TEWP. (T!) i 10.906 .12 20.994 10.450 19.756 18.496
C¥ OUTLET TENP.{T2) c 36.163 36.511 36.139 15.151 14.8% 13.345
CONDENSATE TENP. 'C 39.926 40.157 39.890 33.418 38,564 3.345
BACKPRESS. (AVERAGE) kP2 5.261 3.318 3.294 5.1 4.871 4.494
C¥ PUNPS 1/ (¥EST) ! 4.000 4.000 4.000 4.000 4.000 4.000

ELECTRICAL PARAWETERS

UNITS GENERATED W 618.716 629,270 625.900 628.450 625.541 624.586
UNIT CONSUWPTION w 26.085 25.88) 15. 141 15.465 15.101 15.056
REACTIVE LOAD MVAR 186.613 193.918 178.612 102.580 190.417 108.300
FORKS POWER / 050 b 4.328 4.29 4.289 §.123 4.199 4.11

STEP OUTPUT PARAMETERS

EFF. GCVv (BOMB) X 38.259 37,89 3.508 38.486 3831 18.967
EFF. GCVv (DAILY AVE] X 33.001 33.665 19.136 18.745 17,185 36.520
EFF. GCVv{DAILY BIAS) . X 13.626 18,275 38.306 13.615 37.198 17,704
EFF. NCVp (CALCed) b4 316.013 '33.807 35.182 36.001 35.488 35.313
STEP FACTOR X 98.930 99.104 99.179 93.217 93.171 99.082
TOTAL ACCOUNTED LOSS X 1.070 .891 82 182 830 918
UKACCOUNTED LOSSES x .000 -.000 .000 .001 -.001 .000
STEP LOSSES

CARBON IN REFUSE X .231 159 210 370 . 565 87

DRY FLUE GAS X 328 276 132 -.046 -.150 -3



Table F.1: LOW GRADE COAL 630 MW TESTS (Monday, 2n4 May 1994)

PARAMETER UNITS  630/20.0/14R00 630/17.5/15R30 630/15.0/16h30 630/12.5/17h30 630/10.0/18h45 630/7.50/20h00
H2 & FUEL MOISTURE X 007 011 001 -.008 -.004 003
WAIN STEAM TENP. b - 112 -.096 -.075 -.037 -.060 -.086
REREAT STEAM TENP. ] -.014 -0 -.015 -.016 -.018 -.019
CONDENSER BACKPRESS. ] -1 -.1n -.166 -.166 -.162 -. 148
TURB. DETERIORATION ] 394 834 894 894 854 894
FINAL FEEDWATER TEMP. 4 -.004 -.002 -.003 )| .009 017
WORKS POVER b -.109 -.138 -.136 -.200 - 246 -.29%




Table F.2: LOW GRADE_COAL 550 MW TESTS (Friday, 6th May 1994)

PARAMETER UNITS  550/27.0/09n1S S$50/24.0/08100 $50/21.00/10R( 550/17.5/11R1S $50/14.0/12h30 550/16/13h30

FLUE GAS ANALYSIS

02 ECON AVERAGE % vol 4,074 1.859 3.320 1.82 1.161 1,220
02 A/KTR OUTL AVG DRY % vol 5.060 4.681 4.343 3.933 3.253 1.143
02 ID DISCHARGE AVG &% vol 6.001 5.818 5,128 4.775 4,101 3.269
02 ECON DRY % vol 4.187 3.716 1.8 2.830 2.128 1.259
02 ID DISCHARGE DRY % vol 5.538 3,106 4.716 4.215 3442 1.399
(02 ID AVG DRY % vol 12.975 13.439 13.763 13.847 14.564 13.588
€02 [THEORETIC MAX) % pass 16.741 17.046 17.113 26.710 16.945 11.070
€02 [OSTWALD] DRY % vol 13.784 14.343 14.716 14.933 15,771 16.808
02 {0STWALD) % vol 6.502 6.171 5.857 5.510 4.867 3.833
502 1D AVG DRY ppa §26.15) 841.938 889.668 520.400 959.972 1052.994
Noz 1D AVG DRY ppa 659,567 636.384 731,108 740.096 130,284 644.039
CO (CODEL) AVG DRY ppa 13.559 7.858 30.481 15.417 .11 313.6%4

AIR & FLUE GAS PROPERTIES

BARONETRIC PRESSURE abar 843.950 841.870 843.820 843.350 842.760 842.440
AMBIENT TEMPERATURE ‘C §.895 12.380 15.195 18.140 19.600 19.910
RELATIVE HUMIDITY b 43.100 32.245 33.040 24,750 12.095 12.190
DEWPOINT TEKPERATURE 'C -31.300 -31.360 -31.1%0 -30.325 -29.100 -28.895
FD AIR INLET T.({Tdb) 'C 15,339 18.150 30.982 33.5 35.086 35.591



Table F.2: LOW GRADE COAL 550 MW TESTS (Friday, 6th May 1994)

PARAMETER ONITS ~ 550/27.0/09R15 556/24.0/08h00 550/21.00/10k1 §50/17.5/11k15 550/14.0/1230 550/10/13h30
AJHTR GAS OUTLET AVG ¢ 140.914 143,350 145.786 149.091 152.280 135.821
NO-LEAK A/HTR OUTL T. ¢ 146,969 149.798 152.470 156.243 139.378 161.840
DRY FLUEGAS HEAT LOSS ¥ 80.408 78.934 17.315 76.170 14.316 1.9m
1D DISCHARGE TEMP AVG ' 129.604 130,469 131.338 133.813 135.477 137.838
OPACITY % 3.528 18.981 17.806 16.196 13.543 20.788
¥OISTURE ATMOSPHERIC kg/s 4.081 3.981 3.8%4 3.786 3.633 3444
OISTURE (COAL) kg/s 8.113 §.412 §.580 §.339 8.129 8.678
HOISTURE (COMBUSTION}  ke/s 15.088 19.774 19.295 18.884 18.366 19.173
MOTSTURE (HOPPER) kg/s 1.841 3.840 3.804 3654 3 3.791
MOISTURE TO FLY-ASH kg/s 5.290 5.293 3.460 6.143 5.816 3.520
NETT KOISTURE kg/s 219.834 30.715 30.113 18.519 18.325 19.566
AIR FLOW A.FOIL TOTAL  kg/s 343,435 541404 309.376 499.939 471.325 452.501
AIR FLOW TOTAL kg/s 381.508 367.180 354.793 339.328 317.497 490.468
CORE AIR FLO¥ ke/s 11.930 11.930 11.930 11,930 11.930 11,930
SEAL AIR FLOW ke/s 11,942 11.942 11.942 11.942 11.942 11.942
AIR HTR LEAKAGE kg/s 31.409 13.869 34,506 35.607 313,621 26.896
ESP AIR LEAKAGE kg/s 3.860 17.971 J6.118 33.610 30.090 16.282
COMBUSTION AIR ke/s 549.099 533,311 520,289 503.721 483.877 463.572
THEORETICAL AIR ke/s 470.621 469.753 468.970 466.977 466.231 461.257
STOICHION. AIR kg/s 470,621 469.753 468.970 466.977 466.231 467.237
FURNACE LEAKAGE ke/s 35.000 35.000 35.000 35.000 35.000 35.000
CALCULATED FURNACE 0Z % mass 3,309 1.738 1.28) 1.689 34 -.184
EXCESS AIR kg/s 18.478 63.338 31319 36.744 17.643 -1.686



Table F.2: LOW GRADE COAL 550 MW TESTS

(Friday, 6th May 1994)

PARAMETER ONITS  550/27.0/09R15 $50/24.0/08h00 550/21.00/10k1 550/17.5/11h1S 550/14.0/12h30 550/10/13h30
ECON GAS{DAF) ke/s 627.18] 613.503 600.888 383.567 562.791 544,887
FURNACE GAS DRY kg/s 392,18} 378.503 365.888 348.567 321.791 309.887
TOTAL A/HTR GAS(DAF) kg/s 661.091 648.871 636.854 620.675 397.912 573,283
[D GAS (DAF) kg/s 700,952 636.842 673.012 654.285 628.002 399.365
1D GAS {CHEM. ANAL.) kg/s 699.431 685.341 §71.512 652.785 626.503 398.0€5
1D GAS (BALANCE TECH)  kg/s 100,932 686.842 §73.012 654.284 628.004 399.561

VOLUMETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION

THEORETICAL (02 kg/ 100kg 140,781 139.493
BACK-END N2 kg/100kg 556581 532199
BACK-END 01 kg/100kg 43.291 38.226
BACK-END NOx kg/ 100kg 483 482
BACK-END 502 kg/100kg 1,293 1,262
BACK-END €0 kg/100kg 009 005
BACK-END (02 kg/100kg 139.488 138.367
TOTAL GAS kg/100kg 741,147 711,140

MOLE MASS (mixture)  kJ/kmolX 3034.044 3039.812

COAL QUANTITY AND QUALITY

COAL VOLUME FLOV /h 324.500 325,035
COAL DENSITY TON/a3 1.049 1.070
COAL MASS FLOW kg/s 9457 96.58)

F-10

137.744

514,452

3.141

493

1.287

019

136.746

687.140

3043.657

320.420

1.100

57.944

130.961
487.866
18,725
A7)
1.256
009
129.791
648.121

3043.075

329.812
1.102

109.951

135.949

480.932

13,109

460

1.290

013

134.493

640.297

J051.613

124,054

1.0%0

98.080

137.553
451.666
15117
381
1.329
An
133,205
603.882

3064.152

324,566
1101

99.285



Table F.2: LOW GRADE COAL 550 MW TESTS

(Friday, 6'b May 1994)

PARAMETER UNITS  530/27.0/09R15 330/24.0/08h00 $50/21.00/10h1 550/17.5/11h15 550/14.0/12h30 550/10/13R30

PROXIMATE AND ULTIMATE ANALYSIS {AIR DRIED)

INHERENT MOTSTURE % 2.600
ASH % 45.00
VOLATILE MATTER % 14.600
FIXED CARBON(BY DIFF} % 31.500
CARBON % 42.080
RYDROGEN X 2.410
NITROGEN % 690
TOTAL SULPHUR % 480
CARBONATE ( €02 | % 1,050
OXYGEN {BY DIFF) % £.990
GROSS CV Ni/ke 15.610
SURFACE MOISTURE % 6.140
INHERENT WOISTURE % 2.440
TOTAL MOISTURE % .580

PROXIMATE AND ULTIMATE ANALYSIS (AS RECEIVED)

TOTAL MOISTURE % 3.380
ASH {BY DIFF) % 43.64]
VOLATILE MATTER X 13.681
FIXED CARBON{BY DIFF) X 34.095
CARBON X 38.421
HYDROGEN % .21
NITROGEN b .647
TOTAL SOLPHUR X .86
CARBONATE { CO2 ) X 984

2.700

44.400

14.700

38.200

41,350

2.4

.800

440

1.010

6.840

15.980

6.189

1.530

8.710

8.710

41.160

13.768

35.162

38.070

1.239

148

619

946

F-11

2.500

45.100

14.300

37.700

40.270

2.350

150

1.060

7.040

15.6%0

6.030

2.730

§.760

8.760

41.488

13.414

35.338

37,593

1.196

104

.662

594

2.400

45.200

14.500

33.900

36.300

2.23

610

1,120

1.110

6.030

13.790

6.000

1.260

8.1260

8.260

43.176

13.610

32.954

35,142

1.140

g1

1.408

1.042

2,400

48.100

14.100

35.400

39.260

2.260

.650

470

1.070

5.790

14,610

6. 140

1.230

§.3%0

634

1.003

2,600

45.100

14.400

37.900

40.270

2,310

100

850

1140

7.030

15.840

6.300

1.440

8.740

8.740
42.437
13.470
35.353
37.540

1.174

655
il

1.066



Table F.2: LOW GRADE COAL 550 MW TESTS

PARAMETER ONITS
OXYGEN X
GCVy (AS RECD, BOMB) Ki/kg
GCVv (DAILY AVERAGE] Ki/kg
GCVy (BIAS.DAILY AVE] Ki/kg

NCVp {CALCed, DULONG) Ni/kg

HEAT IN VOLATILES ]
CARBON IN DOST X
CARBON [N ROUGH ASH 1
MEAN CARBON IN ASH ]
MILLING PLANT

NUBER OF WILLS I/§ $
MILL CONFIGURATION $

PF FINENESS (X<7Spn) ]

WORKING FLOID CONDITIONS

REHEATER SPRAY FLOW ke/s

FEED FLOW {ORIFICE) kg/s

TOTAL FEED FLOW kg/s
NAIN STEAN TEMP. ¢
REHEAT STEAM TEMP. C
FINAL FEEDW. TENP. ¢

4.676

14.651

14.317

14,485

13.463

11.298

.800

.500

a1

6.000

ABCOE

80.440

13.628

§23.305

436.93)

541.668

335.800

118.300

6.406

14.993

14317

14.653

15.346

20459

700
100

100

6.000

F ABCOEF

80,330

12.484
417,617
440.101
335,593
335,355

138.300

F-12

(Friday, 6th May 1994)

6.604

14,743

14.317

14.530

15,14

18.936

.600

.600

.600

6.000

ABCDEF

83.790

11.825

416.643

418.468

338.714

335.473

138.300

5,660
12.962
14.317
13.640

14.516

14.017

.700
400

678

6.000
ABCDEF

82.430

10.946
§13.750
440.696
537.939
535.609

138.300

5.426

13,713

14.317

14.015

14,517

16.857

.500

.300

851

6.000

ABCDEF

83.940

8.559

433.978

441.931

537.086

335.261

138.219

350/27.0/0%h15 550/24.0/08R00 550/21.00/10h 550/17.5/11h15 550/14.0/12h30 550/10/13h30

6.576

14.841

14,317

14.579

13.104

19,440

1.400
. 200

1.314

6.000
ABCDEF

82.870

6.333
439.118
445,671
538.396
335.209

137.76)



Table F.2:

LOW _GRADE COAL 550 MW TESTS

PARMETER
CONDENSER PERFORMANCE
CW INLET TEMP.(T1)

C¥ OUTLET TEWP.(T2)
CORDENSATE TENP.
BACKPRESS. (AVERAGE)

CF PUKPS /S (WEST)

ELECTRICAL PARANETERS
UNITS GENERATED

URIT CONSUNPTION
REACTIVE LOAD

WORKS POWER / USO

STEP QUTPUT PARAMETERS

EFF. GCVy (BOB)
EFF. GCVy (DAILY AVE)
EFF. GCVy(DAILY BIAS)
EFF. NCVp (CALCed)
STEP FACTOR

TOTAL ACCOUNTED L0SS
UNACCOUNTED LOSSES
STEP LOSSES

CARBON IN REFUSE

DRY FLUE GAS

1 & FUEL MO[STURE

UNITS

‘c

2

kPa

-t

WVAR

1

>

(Friday, 6th May 1994)

550/27.0/09k{5 550/24.0/08h0C $50/21.00/10ht 550/17.5/11ht5 550/14.0/12R30 550/10/13k30

12.858

19.8360

31.988

J.Al

3.000

350.333

Y

189.588

4.302

37.893

38.780

318.333

35.902

99.081

919

-.000

-.080

163

-.007

11.198

18.154

30.420

3.086

3.000

550.417

25.113

181.965

4.793

36.172

37.983

37.108

35.438

99.176

.82

.000

-.089
J13

-.000

F - 13

14.781

.18

13.953

3.897

3.000

350.267

4.9

195,304

4,738

36.176

37.438

36.909

35.438

99.199

301

.000

-.130

.085

.009

16.855

34.268

33,991

4.336

3.000

350,467

24.735

208.240

4.705

40.1M

36.374

38.181

35.8M

99.218

182

.000

-.[38

.096

020

18,075

35.075

37,336

4.698

3,000

351.067

1,541

194.854

4.661

39.14

37,495

38.303

35.987

99.119

88t

.000

030

-.010

026

18.567

35.504

37.093

4,824

3.000

350.467

24.405

192.613

4.69

35.701

31.007

36.342

35.080

98.943

1.053

.000

31

- 113

036



Table F.2: LOW GRADE COAL_ 550 MW TESTS (Friday, 6th May 1994)

PARAMETER UNITS  550/27.0/09R15 $50/24.0/08h00 550/21.00/10R1 550/17.5/11h13 $50/14.0/12h30 550/10/13h30
MAIN STEAN TEMP. ] - 120 -.093 -.078 -.064 -.047 -0n
REHEAT STEAM TEMP. ] -.019 -.01 -0l -.015 -.006 -.003
COKDENSER BACKPRESS. ] 014 -.013 022 038 044 045
TURB. DETERIORATION ) 894 894 394 894 .894 894
FINAL FEEDVATER TEWP. ] -.010 -.010 -.010 -.010 -.008 004
WORKS POWER ] .081 03 .020 -.099 -.041 -1
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Table F.3: LOW GRADE COAL 500 MW TESTS (Wednesday, 4th May 1994)

PARAMETER UNITS  500/29.0/11045 500/26.0/13h15 500/23.5/14h15 $00/20.75/15h{ 500/18.0/16015 500/12.0/17h30

FLUE GAS ANALYSIS

02 ECON AVERAGE % vol 4,447 4.017 3.542 3431 3,038 1M
01 A/HTR OUTL AVG DRY % vol 5.431 5.09 4,79 4.405 4.127 1.862
02 ID DISCHARGE AVG X vol 6.421 6.001 5,569 3.401 5.062 ) 4,263
02 ECON DRY % vol 4.378 4.045 3.666 3.399 3.125 2,120
02 ID DISCHARGE DRY X vol 5.995 5.618 5.174 4.833 4.487 1035
€02 ID AVG DRY % vol 12,802 13.084 13.01 13.564 13.917 13.068
€02 (THEORETIC MAX) % mass 27.002 21.007 17.007 16.813 21.076 17.167
€02 (OSTWALD) DRY % vol 13.5125 13.866 14.261 14.461 14.918 16.271
02 (OSTWALD} % vol 6.847 6.540 6,223 5.898 5.668 4.464
502 1D AVG DRY PPA 183.861 811.449 850,551 845.456 §90.195 973.314
HOx 1D AVG DRY 44 619.169 647.191 $30.253 677.618 676.360 619.472
CO (CODEL] AVG DRY ppR 20.0%0 11,265 17.001 13.175 20.836 33.063

AIR & FLUE GAS PROPERTIES

BAROMETRIC PRESSURE wbar 844.100 843.300 843.220 843.200 843.280 843.610
AMBIENT TEMPERATURE C 16,190 17.660 18.430 19.280 19.435 17.260
RELATIVE HUMIDITY X 15.925 23.300 213,315 20.650 10.235 13,103
DEWPOINT TEMPERATURE ' -29.310 -18.945 -18.600 -18.450 -18.540 -18.505
FD AIR INLET T.(Tdb) C 30.961 32.851 13162 34.298 34,611 13514

F - 15



Table F.3: LOW GRADE COAL 500 MW TESTS (Wednesday, 4*h May 1994)

PARAMETER ONITS  500/29.0/11h43 500/26.0/13h15 500/23.5/14h15 $500/20.75/15h1 500/18.0/16h15 500/12.0/17k30
A/HTR GAS OUTLET AVG C 134,452 136.769 139.086 141.376 144.010 147.103
NO-LEAK A/HTR OUTL T. C 141.142 143,346 143.664 147,585 150.216 151.341
DRY FLUEGAS HEAT LOSS i 69.25% 68.229 67.341 66,984 67.223 64.190
ID DISCHARGE TEMP AVG C 126,714 127.950 128.851 130.073 132.860 135.012
OPACITY % 18.683 17.19%6 13.921 14.890 38.895 12.062
HOISTURE ATHOSPHERIC  kg/s 3.867 371 ) 3.679 3.609 1.336 3N
WOISTURE {COAL) kg/s 7.439 1,705 1.471 7.218 7.000 6.754
MOISTORE (COMBUSTION]  ke/s 16.693 16.311 16.430 16.597 17.070 16,886
HOISTURE (HOPPER) kg/s 3.9% 3.953 3.948 4.003 4.041 4.012
¥OISTURE TO FLY-ASH kg/s 4.684 4.780 4.801 4.542 4.378 4.508
NETT MOISTURE kg/s 17.188 16.978 26.732 16.887 17.268 16.416
AIR FLOV A.FOIL TOTAL  kg/s 517,426 506.154 489.939 478.238 461.835 446.153
AIR FLOW TOTAL ke/s 350.931 338.376 324,068 514.017 503.663 465.786
CORE AIR FLOW kg/s 11.930 11.930 11.930 11.930 11.930 11.930
SEAL AIR FLO¥W kg/s 18.285 18.285 18.285 18.285 18.285 18.285
AIR HTR LEAKAGE kg/s 37.381 36.064 34.828 31.906 30.731 20.123
ESP AIR LEAKAGE kg/s 40.097 38.141 35.814 Wy 32.576 26.570
COMBUSTION AIR ke/s 513,344 502.312 489.240 482.111 472.932 445.663
THEORETICAL AIR kg/s 436.854 £36.181 434.561 434.905 433.468 431.906
STOICHIOK. AIR kg/s 436.854 436.182 434.561 434,905 433.468 431.906
FURNACE LEAKAGE ke/s 35.000 35.000 35.000 35,000 35.000 35.000
CALCULATED FURNACE 02 % mass 3.448 3.048 1.587 1.267 1.932 S
EXCESS AIR kg/s 16.450 66.130 34.679 - 47.206 39.463 13.757

F - 16



Table F.3: LOW GRADE COAL 500 MW TESTS (Wednesday, 4th May 1994)

PARANETER UNITS  500/29.0/11h45 500/26.0/13k15 500/23.5/14h15 500/20.75/15h1 500/18.0/16k15 500/12.0/17h30
ECON GAS{DAF) ke/s 389.543 578.805 565.455 357.870 349.161 522,23
FURNACE GAS DRY tg/s 354.543 543.805 330.455 522.870 514.161 487,233
TOTAL A/HTR GAS({DAF) kg/s 628.629 616.370 601.783 391.276 381.492 543.356
[0 GAS (DAF) kg/s 668,727 634.511 637.397 625.413 614.068 570.426
ID GAS (CHEM. ANAL.) kg/s 667,227 653.011 636.097 623.913 612.568 568.926
1D GAS (BALANCE TECH)  kg/s 668.716 654.311 637.597 625.412 614.068 370,421

VOLOMETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION

THEORETICAL (02 kg/100kg 143.647 143.760 143,676 145,931 148.064 147.212
BACK-END K1 kg/100kg 581.530 362.876 351,336 553.269 547.4M 503.818
BACK-END 02 kg/100kg 49.126 #4313 40,093 31,501 34.461 11,319
BACK-END KOz kg/100kg 491 481 AT 493 487 .409
BACK-END 502 kg/100kg 1,286 1.287 1.319 1.313 1.369 1,31
BACK-END C0 kg/100kg 014 015 012 016 014 .020
BACK-END €02 kg/100kg 144.290 142.576 141.511 144,753 146.984 145.971
TOTAL GAS kg/100kg 176,731 151.147 735.965 737.346 130,791 673,110

MOLE MASS (mixture]  kJ/kmolK 3032.9%9 3036.048 3039.019 3040.728 3043.156 3058.173

COAL QUANTITY AND QUALITY

COAL VOLUME FLOW al/k 313.089 314,013 312.675 309.313 309.169 305.792
COAL DENSITY TON/a) .5%0 .998 997 .987 .978 .998
COAL MASS FLOY kg/s 86.094 87.063 86.634 84.819 84.028 84.743
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Table F.3: LOW GRADE COAL 500 MW TESTS (Wednesday, 4th May 1994)

PARAMETER UNITS ~ 500/29.0/11h43 500/26.0/13h15 500/23.5/14h15 500/20.75/15h1 500/18.0/16h15 500/12.0/17h30

PROXINATE AND ULTIMATE ANALYSIS (AIR DRIED)

INHERENT MOISTURE % 4.600 4.600 4.600 4.500 4.200 §.400
ASH % 43,200 £3.700 44.000 41,500 41.400 42.000
VOLATILE WATTER % 15.800 13.100 15,700 13.400 16.300 13.700
FIXED CARBON(BY DiFF) X 36.400 36.600 35.700 37.600 38.100 37.900
CARBON % 41,370 40.590 40.440 41,720 42.980 42,230
HYDROGEN X 1.170 2,200 1.220 1.2%0 1,380 130
NITROGEN % 990 .940 .950 10 1.050 .830
TOTAL SULPHUR X 630 1.080 910 1.700 630 L350
CARBONATE ( C02 ) ] .990 1.040 1.210 1.050 1.260 1.110
OXYGEN (BY DIFF) ] 3.6%0 3.830 5.670 3.330 6.100 6.540
GROSS CV Ni/kg 13.220 15.130 14.900 15.680 16.120 13.820
SURFACE MOISTURE % 4,230 4.430 4,200 4.200 4.310 3.730
INHERENT MOISTOURE ) 4.410 4,400 4.410 4,310 4,020 4,20
TOTAL MOISTURE ] 8.640 8.850 8.630 8.510 8.330 1.970

PROXIMATE AND ULTIMATE ANALYSIS {AS RECEIVED}

TOTAL MOISTURE X 8.640 8.850 8.630 8.510 8.330 1.970
ASH {BY DIFF) b 41,39 41.33) 41.645 41.1251 40.158 40.712
VOLATILE MATTER ] 13.101 14.397 15.007 14,724 15.568 {5.088
FIXED CARBON(BY DIFF) L] 3.9 35.400 34118 35.315 35.844 36.169
CARBON ] 39.74% 39,234 35,211 39.829 40.409 40.177
HYDROGEN ] 2175 2.139 1.131 1.185 1.2 2.205
NITROGEN b .946 .86 .908 A1 1.00) A17
TOTAL SOLPEUR % m 958 878 1.256 148 107
CARBONATE [ €02 ) X .46 .92 C1L137 1.004 1.20 1.067
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Table F.3:

LOW GRADE COAL 500 MW TESTS

PARAMETER
OXYGEN

GCVv (AS RECD, BOMB)
GCVv (DAILY AVERAGE)
GEVy (BIAS.DAILY AVE)

NCVp {CALCed, DULONG)
HEAT IN VOLATILES

CARBON 1K DUST
CARBON IN ROUGH ASH

MEAN CARBON IN ASH

NILLING PLANT
NUMBER OF MILLS 1/§
KILL CONFIGURATION

PF FINENESS (%<75p8)

WORKING FLOID CONDITIONS

REHEATER SPRAY FLOW
FEED FLOW (ORIFICE)
TOTAL FEED FLOW
HAIN STEAM TENP.
REHEAT STEAK TEMP.

FINAL FEEDY. TEWP.

UNITS

%
H/kg
/g
¥i/kg

Wi/kg

kg/s
kg/s
ke/s
C
'

'C

5.4 5.578
14.573 14.475
14.83) 14.833
14.704 14.654
15.854 15.648
18.958 17,291

.800 .700

1.600 1.300

858 43

5.000 3.000

BCDEF BCDEF
81.000 83.760
10.206 9.583

394,713 394,453
404.979 404.038
535,357 535.404
3311 334.139
133.342 133.553
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5.420
14.271
14.833
14.552

15.633

17.722

100
1.100

129

5,000
BCDEF

13.350

8.513
394.375
402.950
335.404
334,578

133.233

5.096

135,022

14.833

14.921

15.942

20.041

.100

1.300

143

3.000

BCDEF

84.030

8.870

394,312

403.182

335.4512

534,626

233,365

3.816

15.415

14.833

21.411

100

600

693

3,000

BCDEF

83.960

8.181

393.31

401.498

537.295

336.530

133113

300/29.0/11h45 500/26.0/13h15 500/23.5/14h15 500/20.75/15h! 500/18.0/16R15 500/12.0/17h30

6.285

13.229

14.833

15.01

16.046

19.678

300

.600

.186

5.000

BCDEF

5.188

394,731

400.519

338.809

535.633

132.609



Table F.3: LOW GRADE COAL 500 MW TESTS (Wednesday, 4th May 1994)

PARARETER ONITS  500/29.0/11h45 500/26.0/13h15 500/23.5/14k15 500/20.75/15k! 500/(8.0/16h15 500/12.0/17h30

CONDENSER PERFORMANCE

CW INLET TENP.(T1] C 15.626 16.720 17.49) 18.01 18.241 18.107
C¥ QUTLET TENP.(T2) ' 31.095 32.482 33.165 13,719 13914 13.568
CONDENSATE TENP. C 353 12.143 13.369 J.413 33.976 13.640
BACKPRESS. {AVERAGE) kPa 1.387 3.940 §.14) . 4260 4.320 4.216
C¥ PUMPS 1/5 (¥EST) } J.000 3.000 J.000 3.000 J.000 3.000
ELECTRICAL PARANETERS

ONITS GENERATED L] 503.609 500.874 498.439 493.704 497.817 495.296
UNIT CONSUNPTION L1 13.287 13.146 12.966 12.915 22.199 12.519
REACTIVE LOAD HVAR 189.335 202.100 123.090 200.704 101.703 239.461
WORKS POWER / U50 ] 4,848 §.345 4.330 4.816 4.800 4.76]
STEP QUTPUT PARAMETERS

EFF. GCVv (BONB| ] ».m 11.507 18.459 3.342 36.649 36.632
EFF. GCVv (DAILY AVE) ] 1.61] 36.992 37.001 37.818 18.112 11,611
EFF. GCVv({DAILY BIAS) ] 1.942 11.444 1.116 3.519 31.366 3115
EFF. NCVp {CALCed) ] 35.189 35.063 35.063 15.181 35.009 34.761
STEP FACTOR Z 99.043 99,134 99.147 99.219 99.096 99.010
TOTAL ACCOUNTED LOSS ] 951 366 453 181 904 .990
UNACCOONTED LOSSES ] .000 .000 .000 -.000 .000 .000
STEP_LOSSES

CARBON IN REFUSE ] . 166 .08) 01 -.052 .149 4Y
DRY FLUE GAS 3 .06 .053 044 070 073 -1
2 & FUEL WOISTURE ] -.020 -.006 -.003 .006 .008 A1
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Table F.3: LOW GRADE COAL 500 MW TESTS (Wednesday, 4t*h May 1994)

PARANETER ONITS  500/29.0/11h43 500/26.0/13815 500/23.5/14h15 500/20.75/1Sh1 S00/18.0/16h1S S00/12.0/17130
MAIN STEAN TEKP. ] -.009 -.00 -.010 -0 -.031 -.080
REHEAT STEAN TENP. b 007 .02 010 .009 -0 -.015
CONDENSER BACKPRESS. X .009 041 054 053 058 047
TURB. DETERIORATION X 394 894 394 4% A% A%
FINAL FEEDWATER TEMP. X -0l -.014 -.012 -.013 =013 -.003
WORKS POWER X -1 -.200 -.198 -.1m -.1m -.182
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Table F.4: LOW GRADE COAL 450 MW TESTS (Thursday, 5th May 1994)

PARANETER ITS  450/30.0/10k45 450/27.0/11h45 450/23.0/13h30 450/20.0/!4h30 450/16.0/15030 450/12.5/16.30

FLUE GAS ANALYSIS

02 ECON AVERAGE % vol 4.873 4,765 4.361 3.834 31 1.531
02 A/HTR OUTL AVG DRY X vol 5.913 5.7116 5.183 4.459 ¢.101 3.383
01 ID DISCHARGE AVG % vol - 6.980 6.732 6.408 5.873 5.202 4.69)
02 ECON DRY X vol 5.006 4.791 4.24) 3.530 3.2 2,648
01 1D DISCHARGE DRY % vol 6.523 6.298 5.688 4.851 4,461 3.645
02 ID AVG DRY % vol 12.182 12.401 12.834 13.49) 13.749 14.297
(02 (THEORETIC WAX) % mass 26.68) 26.809 26.806 16.912 26.799 16.668
C02 (OSTWALD} DRY % vol 12.874 13.142 13.681 14.483 14.770 15.417
02 (0STEALD) % vol 1.351 1.1m 6.693 6.028 3.676 4.982
502 1D AVG DRY ppa 818.468 §11.871 831.928 879.523 929.278 968.28)
NOx ID AVG DRY ppe 359.681 571,33 602,723 620.803 631.121 615.018
€0 (CODEL) AVG DRY ppR 14.172 12,19 30.38) 20.139 23.507 16.937

AIR & FLOE GAS PROPERTIES

BAROKETRIC PRESSURE abar 845.350 844.800 843,870 843.590 843.330 843.440
AMBIENT TEMPERATURE °C 16.240 17.875 19.605 20.100 20.040 19.530
RELATIVE HOMIDITY X 17.860 24.260 21.330 20.215 19.470 20.185
DEWPOINT TEMPERATURE ' -19.920 -29.590 -18.460 -28.405 -28.510 -28.450
FD AIR INLET T.(Tdb) 'C 31,461 AYR) 33.871 34151 33,19 32.40
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http:450/12.5/16.30

Table F.4: LOW GRADE COAL 450 MW TESTS (Thursday, Sth May 1994)

PARAMETER ONITS  450/30.0/10h45 450/27.0/11h45 450/23.0/13h30 450/20.0/14h30 450/16.0/15R30 450/12.5/16.30
A/HTR GAS QUTLET AVG C 132.809 134.554 141.439 144,512 147.188 149,315
NO-LEAK A/HTR QUTL T. C 138.641 140,446 147,382 150.316 152.752 133.989
DRY FLUEGAS HEAT LOSS MW 63.370 62.858 64.299 62.923 63.438 61.9%6
ID DISCHARGE TEWP AVG C 123.907 123.868 127.963 131.029 131.514 133.266
QPACITY % 17.183 16.41) 16.354 13.16) 12.631 11.136
KOISTURE ATMOSPHERIC  kg/s 3.639 1.387 3.456 3.290 3.5 3.074
MOISTORE (COAL) kg/s 1.031 6.992 7.068 6.983 1.355 7.848
MOISTURE (COMBUSTION)  kg/s 16.20) 15.848 15.759 15.515 14.927 14.309
MOISTORE (HOPPER) kg/s J.962 3.954 3.993 4.028 4.001 3.943
KOISTURE TO FLY-ASH kg/s 4,118 4.775 4.597 4.437 4.561 4.822
NETT MOISTURE ke/s 26.098 15.606 15.678 15.018 24.936 14,351
AIR FLOW A.FOIL TOTAL  &g/s 489.751 479,246 439,154 419.06% 415,382 411.826
AIR FLOW TOTAL ka/s 518.287 310.924 492.148 468,431 431.193 437,386
CORE AIR FLOW ke/s 11.930 11,930 11.930 11.930 11.930 11.930
SEAL AIR FLOW kg/s 18.285 18.285 18.285 18.285 18.285 18.285
AIR ATR LEAKAGE kg/s 31,673 3479 25.971 26.633 14.299 19.230
ESP AIR LEAKAGE kg/s 40,548 39.343 36.202 12.192 30.329 16.721
COMBUSTION AIR kg/s 486.613 479,445 462.1M 441.818 433.494 418.336
THEORETICAL AIR ke/s 400.428 399.986 398.936 397.5%6 397. 47 396.532
STOICRIGM. AIR kg/s 400. 428 399.986 398.936 397.596 397.24 395.531
FURNACE LEAKAGE ke/s 35.000 35.000 35.000 35.000 35.000 35.000
CALCULATED FURNACE 02 % mass 4.100 189 3.168 1.3 1.536 1.208
EXCESS AIR ks/s 86.187 19.459 63.241 44.112 36.247 21.824

F - 23



Table F.4: LOW GRADE COAL 450 MW TESTS (Thursday, 5tk May 1994)

PARANETER ONITS ~ 450/30.0/10R45 450/27.0/11h45 450/23.0/13h30 450/20.0/14h30 450/16.0/15h30 450/12.5/16.30
ECON GAS(DAF) kg/s 358.073 351119 333.99] 513.536 504.814 . 488.480
FURNACE GAS DRY kg/s 523.013 516.119 493.993 478.536 465.814 §33.480
TOTAL A/HTR GAS(DAF) kg/s 591.246 584.098 565.464 541.670 330,613 509.210
1D GAS (DAF] kg/s 631.793 623.441 601.667 573.862 360.941 535.93
ID GAS (CHEM. ANAL.) kg/s 630.293 621.941 600.167 572.361 359.441 334.431
1D GAS (BALANCE TECH]  kg/s 631.793 623.441 601.666 573.863 560.943 535.940

VOLOWETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION

THEQRETICAL €01 kg/100kg 139.68) 138.766 139.644 141.571 139.928 137.915
BACK-END N2 kg/10Dkg 583.965 573.780 559.535 341.267 525.072 498.035
BACK-END 02 kg/100kg §3.631 50.859 44.709 36.848 32.788 15.322
BACK-END N0z kg/100kg 431 433 444 442 433 401
BACK-END 502 kg/100kg 1.363 1.329 1.309 1.336 1.361 1.7
BACK-EXD CO kg/100kg 018 016 021 013 013 010
BACK-END €02 kg/100kg 137.718 13,7143 138.734 140.785 138.936 136.597
TOTAL GAS kg/100kg m.an 764.159 144,852 120.692 698.613 661,711

WOLE WASS (mixture]  ki/kmolK 3025.278 3027.863 3032.390 3039.798 3042.499 3048.159

COAL QUANTITY AND QUALITY

COAL VOLUME FLOW n3/h 113.29 167.576 170,115 167.543 179,790 176.715
COAL DENSITY TON/m3 1.071 1.098 1.071 1071 1.033 1.054
COAL MASS FLOW kg/s 81.299 81.585 80.7M 19.621 80.294 80.993
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Table F.4: LOW GRADE COAL 450 MW TESTS (Thursday, 5th May 1994)

PARAMETER UNITS  450/30.0/10045 450/27.0/11h45 450/23.0/13h30 450/20.0/14h30 450/16.0/15h30 450/12.5/16.30

PROXINATE AND OLTIMATE ANALYSIS (AIR DRIED)

[NHERENT WOISTURE % 3.100 3.000 3.200 3.100 3.700 4,300
ASH ] 47.000 41,200 45.900 45.000 45.800 48.000
VOLATILE MATTER ] 13.600 13.300 14.800 14.400 13.400 12.000
FIXED CARBON(BY DIFF) ] 36.300 36.500 34.100 37.500 37.100 35.700
CARBON b 40.010 40.060 40.570 41.740 40.720 39.350
HYDROGEN ] 1.370 1.310 1,320 1.3 1.210 ~ 2100
NITROGEN % .360 .960 970 1.010 1.000 .960
TOTAL SULPHUR % .960 .600 940 .360 .960 120
CARBONATE ( G2 ) % 1.130 1.230 1.400 1.480 1,360 1.190
OXYGEN {BY DIFF) % 4.470 §.640 4.700 4.790 4.250 3.180
GROSS CV Ml/kg 15.010 14.940 14.990 13.500 13.370 14.430
SURFACE MOISTCRE ] 5.730 5.740 5.730 5.850 5.670 5.630
INHERENT MOISTURE ] 1.520 1.830 3.020 1.920 3.480 4.060
TOTAL MOISTORE % 8.630 8.510 8.750 8.770 9.160 9.6%0
PROXIMATE AND ULTIMATE ANALYSIS (AS RECEIVED)

TGTAL MOISTURE X 8.630 8.570 8.750 8.770 9.160 9.639
ASH (BY DIFF) ] 4.3 44.323 43.513 41.938 43.498 44,886
VOLATILE MATTER % 12.797 12.514 13.926 13.531 12.613 11.296
FIXED CARBON{BY DIFF) ] 34.10 34.593 18102 .40 34,730 34.128
CARBON % 37.849 31.870 38,111 18.637 38.189 37.639
HYDROGEN ] 1.184 1.155 2.160 1.159 1.109 1.057
NITROGEN b .903 .903 913 .949 .941 904
TOTAL SULPHUR X A1 .634 814 .633 RYA| 1
CARBONATE { €02 ) ] 1.063 1.157 1.317 1.391 1.280 1.120
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Table F.4:

LOW GRADE COAL 450 MW TESTS

PARAMETER
OXYGEN

GCVv {AS RECD, BOMB]
GCVy (DAILY AVERAGE)
GCVv (BIAS.DAILY AVE)

KCVp (CALCed, DULONG)

HEAT IN VOLATILES

CARBON IN DUST
CARBON IN ROUGH ASH

MEAN CARBON IN ASH

NILLING PLANT
NUWBER OF MILLS I/§
WILL CONFIGURATION

PF FINENESS (%<75pm]

WORKING FLOID CONDITIONS

REHEATER SPRAY FLOW
FEED FLOW (ORIFICE)
TOTAL FEED FLOY
WAIN STEAN TEWP.
REHEAT STEAM TEMP.

FINAL FEEDV. TEMP.

UNITS

b
Wi/kg
Wi/kg
Wi/kg

Ki/kg

H

H

kg/s
kg/s
kg/s
'C
'

C

4.206

14.150

14.179

14. 164

15.221

18.185

.600

000

S8

5.000

BCDE!

83.330

9.912
351.090
361.002
534.386
535.264

128.436

4.366

14.082

14.179

14.130

15.180

16.920

.500

1.800

.54

5.000

F BCOEF

83.480

9.671

349,140

358.811

534.430

534,313

128.1%7
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§.422

14.131

14.179

14.155

15.219

15.075

.500

.500

328

3.000

BCDEF

84.530

9.419
348.011
357.430
536.620
535.369

127.981

4.501

14.593

14.179

14.386

15.439

15.489

500

.000

464

5.000

BCDEF

83.150

8.654

341.5122

356,176

535.978

335.217

127.830

4.000

14.499

14.179

14.339

15.234

18.988

.600

400

.386

5.000

BCDEF

82.620

1.170

358.178

365.348

537.100

535.030

118.541

450/30.0/10045 450/27.0/11h45 450/23.0/13h30 450/20.0/14h30 450/16.0/15k30 450/12.5/16.30

1.993

13.617

14.179

13.898

14.960

15.239

.800

.400

N

5.000

BCDEF

85.040

5.842

357.416

363.1258

541,178

535.008

128.150


http:450/12.5/16.30

Table F.4: LOW GRADE COAL 450 MW TESTS (Thursday, S5th May 1994)

PARANETER UNITS  450/30.0/100435 450/27.0/11045 450/23.0/13830 450/20.0/14k30 450/16.0/15830 450/12.5/16.30

CONDENSER PERFORMANCE

C¥ INLET TEMP.(T1) ‘c 16.230 {7.188 18.473 18.624 18.902 18.78¢
C¥ OUTLET TEWP.(T2) ' 31.123 31.939 33.138 31.91 33.154 J2.864
CONDENSATE TENP. ' 30.63] . 32,67 12,553 J1.415 3101
BACKPRESS. (AVERAGE) kPa 3.564 3.763 4.030 §.009 4.109 4.014
C¥ PUNPS 1/5 (¥EST) } 3.000 3.000 3.000 3.000 3.000 3.000

ELECTRICAL PARANETERS

ONITS GENERATED i 448,979 445. 165 444,548 440,895 451.786 450,646
ONIT CONSUNPTION [} 12.840 12,133 12,613 12.420 .38 12,208
REACTIVE LOAD HVAR 146.265 144,052 156.013 162.226 160.645 157.675
YORKS POYER / US0 % 5,360 5.381 5.359 5.358 5.204 5.183
STEP OUTPOT PARANETERS

EFF. GCVv (BOMB) % 37.043 36.769 36.966 36.014 36885 38.847
EFF. GCVr (DAILY AVE) % 36.969 36.518 36.841 37,066 37.718 37,309
EFF. GCVe(DAILY BIAS) % 37.006 36.643 36.903 3.532 31.297 38.062
EFF. NCVp (CALCed) % 34438 34110 34.187 34.039 35.105 35.361
STEP FACTOR b 99.072 99.261 99.150 99,218

TOTAL ACCOUNTED LSS % 918 139 .850 181

ONACCOUNTED LOSSES 3 000 000 .000 001

STEP LOSSES

CARBON IN REFUSE b -.093 -.318 -.298 -1

ORY FLUE GAS b -.093 - 111 079 -.062

B2 & FUEL MOISTURE b -.017 -.012 005 017
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Table F.4: LOW GRADE COAL 450 MW TESTS (Thursday, S5th May 1994)

PARAMETER ONITS  450/30.0/10h45 450/27.0/11h45 450/23.0/13h30 450/20.0/14h30 450/16.0/15h30 450/12.5/16.30
NAIN STEAM TEMP. ] 015 04 -.037 -.00)
REHEAT STEAN TENP, ] -.006 016 -.009 -.005
CONDENSER BACKPRESS. ] .068 .06% .080 .066
TURB. DETERIORATION ] 894 894 894 894
FINAL FEEDWATER TENP. ] -.017 -0 -.017 -.018
WORKS POWER ] A7 b 153 REL]
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Table F.5: LOW GRADE COAL 400 MW_TESTS (Friday, 6th May 1994)

PARAMETER UNITS  400/37.0/15h45 400/32.5/ 160435 400/28.0/17h45 400/24.0/18h45 400/19.0/19h45 400/15.0/20h45

FLUE GAS ANALYSIS

02 ECON AVERAGE % vol 3.029 4.657 4,122 3.539 3.101 1.332
02 A/HTR OUTL AVG DRY % wol 3.643 3.8 $.705 4.033 3.564 3.030
02 ID DISCHARGE AVG X vol 7.01 6.618 6.139 3.704 5.339 4.850
02 ECON DRY % vol 5.087 4.632 4,113 3.483 3.068 1.637
02 ID DISCHARGE DRY % vol 6.400 5.914 5.320 4.539 3.988 m
02 ID AVG DRY % vol 12.279 12.711 13.085 13.718 14.126 14,665
C02 (THEORETIC MAX) % Bass 26.714 26.880 16.745 16.867 16.834 16.988
€02 (OSTRALD) DRY % vol 12.998 13.512 13.973 14.741 15.243 i5.859
02 (0STWALD) % vol 1,259 6.863 6.379 5.732 5.3 4.786
502 ID AVG DRY ppR 787.118 821.889 856.572 883.825 913.293 970.744
N0z ID AVG DRY ppn 545.182 361.955 383.610 382,550 561.348 507.861
€O (CODEL) AVG DRY ppR 21.386 16.128 11,762 15.378 24,945 54127

AIR & FLUE GAS PROPERTIES

BAROKETRIC PRESSURE ghar §42.290 842.540 8412.850 843.000 843.190 843.310
AMBIENT TENPERATURE ' 20.360 19.885 17.680 16.260 15.530 14.170
RELATIVE HUMIDITY ] 21.365 22.005 15.8125 26.410 17.050 19.340
DEWPQINT TEMPERATURE C -18.745 -28.880 -29.135 -29.785 -19.925 -30.190
ED AIR INLET T.{Tdb) 't 36.049 36.228 36.006 35.387 34,382 13.796
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Table F.5: LOW GRADE COAL 400 MW TESTS (Friday, 6th May 1994)

PARANETER UNITS ~ 400/37.0/15h45 400/32.5/16h45 400/28.0/17h45 400/24.0/18h45 400/19.0/19h45 400/15.0/20045
A/HTR GAS OUTLET AVG 'C 133.018 135.243 136.499 138.101 138.913 141,252
NO-LEAX A/HTR OUTL T. C 136.384 138.761 139.993 141,297 141.776 143.501
DRY FLUEGAS HEAT LOSS W 33.735 33.485 32.521 51.496 50.853 50.615
ID DISCHARGE TENP AVG ' 130.752 128.998 129.664 130.878 131.59%6 131.474
OPACITY ] 25.#59 12.970 11.84) 19.542 18.901 17.859
NOISTURE ATHOSPHERIC  Kg/s 3.263 3.166 3.056 1.921 o 1.8 1.741
WOISTURE (COAL) kg/s 5.931 6.037 6.089 5.709 6.141 5.868
NOISTURE (COMBUSTION)  kg/s 15.158 15.3%6 14.847 14,743 14.854 14,941
OISTURE [HOPPER) kg/s 4.139 4.173 4.025 4.125 4.080 4.139
KOISTURE TO FLY-ASH kg/s 3,840 3705 4.451 3.993 4.198 1.838
NETT NOISTURE kg/s 24,670 15.017 13,365 23.503 13711 13.871
AIR FLOV A.FOIL TOTAL  kg/s 441,222 419.049 405,230 189.492 378.576 365.992
AIR FLOW TOTAL kg/s 464,666 430.819 435.051 415.857 403.249 390.151
CORE AIR FLOW kg/s 11.930 11.930 11.930 11.930 11.930 11.930
SEAL AIR FLOW kg/s 14.628 14.628 14.628 14.628 14.628 14.628
AIR HTR LEAKAGE xg/s 17.681 17.606 16.6%4 14,434 12.374 9.303
ESP AIR LEAKAGE xg/s 42.168 35.308 35.905 32.012 29.603 26.925
COWBUSTION AIR keg/s 446,985 43.113 418.357 401.423 390.875 380.827
THEORETICAL AIR kg/s 368.074 367.298 366.323 365.065 364, 141 363.604
STGICHION. AIR kg/s 368.074 367.298 366.324 365.064 164,142 363.603
FURNACE LEAKACE kg/s 35.000 35.000 35.000 35.000 35.000 35.000
CALCOLATED FURNACE 02 X nass 4.087 3.522 1.879 1.097 1.38) 1.047
EXCESS AIR kg/s 78.911 65.913 52,032 36.359 16.13) RN Y
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Table F.5: LOW GRADE COAL 400 MW TESTS (Friday, 6th May 1994)

PARAMETER UNITS  400/37.0/15h45 400/32.5/16045 400/28.0/17h45 400/24.0/18h45 400/19.0/19h45 400/15.0/20045
ECON GAS{DAF) kg/s 516,112 §02.527 486.881 470.290 460.529 450.567
FURNACE GAS DRY kg/s 481.312 461.517 451.881 435,280 425,319 415.567
TOTAL A/HTR GAS(DAF) kg/s 333.553 521.633 505.076 486.224 474.403 461.371
1D GAS (DAF) kg/s 57711 560.641 540.981 318.256 504.605 488.296
1D GAS {CHEM. AMAL.) ke/s 576.221 359.441 535.480 316.733 502.505 486.795
1D GAS {BALANCE TECH]  kg/s 577.720 360.940 540.983 318.261  _ 504.005 488.302

VOLOMETRIC - GRAVINETRIC BACK-END GAS RECONCILIATION

THEORETICAL €02 kg/100kg 143.247 146.572 135.204 144,793 140.830 145,659
BACK-END N1 kg/100kg 605.416 580,846 548.339 541.964 512,541 510,326
BACK-EXD 01 kg/100kg 54.516 49. 141 40.912 34,306 28.570 14,062
BACK-END NOx kg/100kg 436 439 421 415 A7 .339
BACK-END 802 kg/100kg 1.341 1.361 1.319 1,345 1,324 1.385
BACK-END CO kg/100kg 016 Q14 015 020 016 034
BACK-END €02 kg/100kg 143.831 145377 138.404 143.416 139,168 143.725
TOTAL GAS kg/100kg 805.517 187,184 729.429 722.666 682.002 679.871

MGLE MASS (mixture)  kJ/kmolk 3026.177 3031.444 3035.031 3042.142 3046.613 3052.951

COAL QUANTITY AND QUALITY

COAL VOLUNE FLOW 23/h 140.491 138.545 240.996 141,806 139.879 245.698
COAL DENSITY TOK/a3 1.074 1.075 1.108 1.068 1.109 1.052
COAL MASS FLOW ke/s 11.715 71,159 74.165 M.715 73.901 71.823
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Table F.5: LOW GRADE COAL 400 MW TESTS (Friday, 6th May 1994)

PARANETER ONITS  400/37.0/15h45 400/32.5/16045 400/28.0/17h45 400/24.0/18h45 400/19.0/1945 400/15.0/20045

PROXINATE AND ULTIMATE ANALYSIS (AIR DRIED)

[NHERENT MOISTURE ] 1.400 1.500 1.200 1.100 1,300 1.300
ASH ] 43.300 41.900 48.600 45.600 46.000 43.200
VOLATILE MATTER ] 14.900 14.500 14.200 14.900 14,400 14.400
FIXED CARBON(BY DIFF) b3 36.400 40.100 35.000 38.000 37.300 40.100
CARBON : ] 42.680 43.520 39.220 42.400 40.170 42,940
HYDROGEN ] 15000 1.580 1.3%0 1,430 1.400 1.480
NITROGEN ] 170 820 .690 180 630 20
TOTAL SULPHGR % 1.560 2310 .580 470 1.000 .610
CARBONATE { €01 ) ] L.150 1110 1.020 1.180 1.050 1.0%0
OXYGEN (BY DIFF) ] 5.760 6.120 5.300 5.620 6.430 6.660
GROSS CV Ki/kg 15.750 16.730 14,650 16.010 15.430 16.680
SURFACE KOISTURE ] 6.010 6.150 6,150 5.990 6.150 6.010
INHERENT MOISTURE ] 1.260 1.350 2.060 1.970 1,160 1.160
TOTAL MOISTURE ] 8.270 8.500 8.210 7.960 8.310 8.170
PROXIMATE AND OLTINATE ANALYSIS (AS RECEIVED)

TOTAL NOISTORE ] 8.270 8.500 8.210 7.960 §.310 8.170
ASH {BY DIFF) ] 41.439 40.979 44.309 41.507 41.515 41.139
VOLATILE NATTER X 13,984 13.387 13.308 13.9%0 13.4%5 13.513
FIXED CARBON(BY DIFF) b 36.307 36.934 ¥.1n 35.54 35.680 31.176
CARBON ] 39,640 40.002 37,991 39,517 38.435 38.764
HYDROGEN % 1.341 1.367 1.218 2.308 1.183 .32
NITROGEN b 123 . 768 641 NEY! 609 .676
TOTAL SULPHUR % 1.102 .609 641 .3%0 438 .656
CARBONATE { €02 ) ] 1.079 1.040 .956 1.108 984 1.013
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Table F.5:

LOW GRADE COAL 400 MW TESTS

PARAMETER
OXYGEN

GCUv (AS RECD, BOWB)
GCVv (DAILY AVERAGE)
GCVv (BIAS.DAILY AVE)

NCVp (CALCed, DULONG)

HEAT IN VOLATILES

CARBON IN DUST
CARBON IN ROUGH ASH

MEAN CARBON IN ASH

MILLING PLANT
NUWBER OF WILLS 1/§
MILL CONFIGURATION

PF FINENESS (%<75paj

BORKING FLOID CONDITIONS

REHEATER SPRAY FLOW
FEED FLOW (ORIFICE)
TOTAL FEED FLOW
MAIN STEAM TEMP.
REHEAT STEAM TEWP.

FINAL FEEDW. TEMP.

IT8

b
Hi/kg
N/kg
NJ/kg

Ni/kg

kg/s
kg/s
kg/s
C
C

'C

5.406 3.735
{4.803 £5.700
14.751 14.751
14.780 15.229
16.039 16.163
17.050 20,441

800 .700
1.900 1.500
879 158
4.000 4.000
BCDE BCDE
78.390 81.480
7.282 8.779
316.446 317.819
323.728 324.598
536.361 336.371
535,357 334,979
121.631 112,650
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(Friday, 6*h May 1994)

4.967

{3.750

14.757

14.253

15.371

400

1.200

458

4.000

BCDE

19.250

6.331

319.556

325.887

536,111

334.913

211650

5.1

{5.051

14.751

14.904

13.933

0.137

800

1.400

.843

4,000

BCHE

83.810

6.306

322,341

328.647

536.409

326,783

122,350

6.026

14.481

14.751

14.619

13.552

16.669

1.000

1.400

1.029

§.000

BCDE

80.580

6.313

324.556

330.869

336,174

317,974

222.350

400/37.0/15h45 400/32.5/16h45 400/28.0/17h45 400/24.0/18h45 400/19.0/19h45 400/15.0/20h45

6.251

15.678

14.751

15.211

16.039

19.803

1.200

1.900

1.250

4.000

BCDE

81.290

6.273

325,449

1L

137422

314.887

122,298



Table F.5: LOW GRADE COAL 400 MW TESTS (Friday, 6th May 1994)

PARAMETER UNITS  400/37.0/15h45 400/32.5/16h45 400/28.0/17h45 400/24.0/18h45 400/19.0/19h45 400/15.0/20h45

CONDENSER PERFORMANCE

CW INLET TENP.(T1) ' 19.340 19.398 18.861 18.520 17.889 17.364
CW OUTLET TENP.(T2) 'C 32.053 32.0m 31.500 3.1 30.512 19944
CONDENSATE TENP. ' 31.48) 11,535 31074 1074 30.120 19.714
BACKPRESS. (AVERAGE) kPa 1.745 3.763 1.616 1.547 ).199 3.268
CY PUNPS 1/§ (WEST) } 3.000 3.000 3,000 3.000 3.000 3.000
ELECTRICAL PARANETERS

UNITS GENERATED 1] 399.860 399.790 400.610 199.900 399.900 399.709
UNIT CONSUNPTION N¥ .17 20.55) 20.412 0.7 20.195 20.1M4
REACTIVE LOAD NVAR 142.693 166.956 181.078 215.568 184.404 179.504
WORKS POWER / USO ) 5.464 5.420 5.369 5,355 5.318 5.304
STEP OUTRUT P ERS

EFF. GCVv (BOWB) ] 15,715 31.897 37,283 35.164 15.481 33.708
EFF. GCVy (DAILY AVE) ] 15.825 36.064 W8 15.866 3.817 35.81)
EFF. GCVv(DAILY BIAS) ) 35.770 W94 35.966 15.512 15,146 W.729
EFF. NCVp (CALCed) ) 32.921 32.928 13138 33.215 13.038 312,951
STEP FACTOR ] 98.756 98.922 99.218 99.211 98.936 98.787
TOTAL ACCOUNTED LOSS ) 1.244 1.078 181 .189 1.014 1.21)
UMACCOUNTED LOSSES ) .000 000 -.000 ,000 .000 .000
STEP LOSSES

CARBON IN REFUSE ] .300 130 130 082 158 AT
DRY FLUE GAS ) .097 033 -.120 -. 154 -.364 =318
fil & FUEL NOISTURE ] 005 014 .009 003 00 01
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Table F.5: LOW GRADE COAL 400 MW TESTS (Friday, 6th May 1994)

PARANETER UNITS  400/37.0/15h45 400/32.5/16h4S 400/28.0/17h45 400/24.0/13h45 400/19.0/19h45 400/15.0/20h45
KAIN STEAM TEWP. X -.031 -0 -.028 -0 -.029 -.054
REHEAT STEAM TEWP. b] -.009 .001 .002 197 409 483
CONDENSER BACKPRESS. X 022 R 015 018 015 010
TURB. DETERIORATION b 89 894 89 894 894 894
FINAL FEEDVATER TEMP. X .005 .004 .007 013 015 016
WORKS POWER X -.038 -.0%0 -.126 -1 -.19 -.254
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APPENDIX G: SPEC GRADE COAL_TEST DATA

Table G.1: SPEC GRADE COAL 630 MW TESTS

PARAMETER UNITS  630/23.5/11800 630/19.5/12h30 630/15.0/13h30 630/10.0/14h30 630/08.0/16h45 630/05.5/15R30

FLUE GAS ANALYSIS

02 ECON AVERAGE % vol 3.990 J.438 1.89%9 1.148 1.330 1165
02 A/HTR OUTL AVG DRY X vol 5.168 $.719 4.112 3.395 1.731 1.29
02 ID DYSCHARGE AVG % vol 3.541 5.198 4.624 3.944 3.361 J.on
02 ECON DRY % vol 4.016 3.496 1.834 2.098 1.506 1.261
02 ID DISCHARGE DRY % vol 5.603 5.091 4.3% 3551 1.813 1.491
€02 ID AVG DRY % vol 13.034 13.383 13.870 14.449 14.940 13.583
€02 (THEORETIC WAX) ¥ nass 16.887 16,857 16.834 26.838 16.691 16.910
€02 (OSTWALD) DRY % vol 13.811 14.251 14.856 15.607 16.171 16.631
02 {0STWALD) % vol 6.524 6.120 5.366 §.925 §.282 31.nl
502 ID AYG DRY 94/ 840.447 860.675 897.393 947.743 991.45) 1019.753
NOx ID AVG DRY ppa 146.364 760.74) 158.608 124,078 679.69) 632.989
0 [CODEL) AVG DRY ppa 34.183 24,016 20.759 16.618 114.434 471,914

AIR & FLUE GAS PROPERTIES

BAROKETRIC PRESSURE mbar 846,310 845.370 344.835 844.680 844.800 844.660
AMBIENT TEMPERATURE C 16.605 18.390 18.915 19.030 18.460 18.025
RELATIVE HUKIDITY H 36.665 35,510 31.605 28.770 33.005 31.990



Table G.1: SPEC GRADE COAL 630 MW TESTS (Monday, 9th May 1994)

PARAMETER UNITS  630/23.5/11h00 630/19.5/12n30 630/15.0/¢3h30 630/10.0/14k30 630/08.0/16h45 630/05.5/15h30
DEWPOINT TEMPERATURE 't -29.460 -29.910 -19.240 -29.115 -19.215 -29.425
FD AIR INLET T.(Tdb) ¢ 3L 33,293 33.985 33.950 34.080 33.950
A/HTR CAS OUTLET AVG 't 143.103 145.107 147,258 149.258 151.109 152,104
NO-LEAK A/HTR OUTL T. c 150.866 153.136 135.451 137.382 138.611 158.324
DRY FLUEGAS FEAT LOSS MW 89.380 87.391 85.512 83.442 81.415 80.439
ID DISCHARGE TEWP AVG ‘c (33.650 ‘ 133.901 135.104 136.075 137.038 137,027
OPACITY ] 34.856 32,141 29.225 26.526 214,097 2351
NOISTURE ATMOSPHERIC  kg/s 4.640 §.502 4.3 4.132 3.976 3.9
NOISTURE {COAL) k/s §.118 8.568 8.053 1.705 8.421 8.369
NOISTURE (COMBUSTION)  kg/s 12,857 13,323 12.776 213,501 12.583 .50
NOISTURE {HOPPER) kg/s 3.1 3. 3.769 3751 3.702 3.18
NOISTURE TO FLY-ASH kg/s 5.881 5.884 5.619 3.674 5.9 5.807
NETT MOISTORE kg/s 33,446 34,220 33.306 33.42 32,759 33.738
AIR FLOW A.FOIL TOTAL  kg/s §12.022 590.797 571,212 350,394 519.222 507.920
AIR FLOW TOTAL ke/s 661.335 641.677 616.675 588.855 566.489 357,254
CORE AIR FLOW keg/s 11.930 11.930 11.930 11.930 11.936 11.930
SEAL AIR FLOV kg/s 21.942 11.942 11.941 11.942 11.942 11.942
AIR HTR LEAKAGE kg/s 47.974 48.133 46.783 43.821 38.786 J1.845
ESP AIR LEAKAGE kg/s 41.250 39.467 35.908 3997 18.789 11,195
COMBUSTION AIR ke/s 613.360 393.544 569.892 545.028 527,701 525.409
THEORETICAL AIR kg/s 327.588 526.1266 524.551 522,188 521.500 325.508
STOICHION. AIR kg/s 527.594 526.1266 524.550 522.188 521.500 325.508
FURNACE LEAKAGE kg/s 35.000 35.000 35.000 35.000 35.000 35.000



Table G.1: SPEC GRADE COAL 630 MW TESTS {Monday, 9th May 1994)

PARAWETER ONITS  630/23.5/11h00 630/19.5/12h30 630/15.0/13h30 630/10.0/14h30 630/08.0/16h45 630/05.5/15h30
CALCULATED FURNACE 02 % mass 3.3 1.624 1.842 970 ) -.004
EXCESS AIR kg/s 85.771 67.178 43.341 22.840 6.203 -.0%9
ECON GAS(DAF) gg/s 699.411 679.591 635.798 630,690 613.484 613.399
FURNACE GAS DRY kg/s 664.411 644.5391 620.798 595.690 578.484 578.399
TOTAL A/HTR GAS(DAF) /s 748.896 729.224 104.081 676.017 633.770 646.744
1D GAS (DAF) kg/s 191,146 168.691 139.989 107.954 682.359 674.539
1D GAS (CHEN. ANAL.) ke/s 789.652 167.191 738.489 706.454 621.053 673.039
10 GAS {BALANCE TECH]  kg/s 791,134 768.681 139.996 107.936 682.359 674.535

VOLUMETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION

THEORETICAL €02 kg/100kg 141.760 140.769 142,663 141.614 135.589 141,634
BACK-END N2 kg/100kg 351,112 540,314 530.399 509.633 481.783 465.383
BACK-END 02 kg/100kg 43.533 38.620 J2.651 15.181 18.866 16.214
BACK-END NOz kg/100kg 549 341 528 483 A1 386
BACK-END 502 kg/100kg 1.319 1.307 1.334 1.350 1.331 1,328
BACK-END CO kg/ 100kg 023 016 013 017 067 .169
BACK-END €02 kg/100kg 140,524 139.628 141,891 141.378 137.787 139.433
TOTAL GAS kg/100kg 743.559 720.428 106.617 678.124 640.1262 623.012

WOLE WASS [mixture]  kJ/keolX 3035.328 3038.936 3044.078 3050.138 3035.213 064,317

COAL QUANTITY AND QUALITY

COAL VOLUME FLOW ad/h 443.010 434,677 433,448 416.511 431,244 431.104
COAL DENSITY TON/aJ 865 884 870 881 890 904
COAL MASS FLOW kg/s 106.398 106.698 104.724 104,195 106.606 108.27%



Table G.1: SPEC GRADE COAL 630 MW TESTS (Monday, 9th May 1994)

PARAMETER DNITS  630/23.5/1th00 630/19.5/12R30 630/15.0/13h30 630/10.0/14h30 630/08.0/16h45 630/05.5/15830

PROXIMATE AND ULTINATE ANALYSIS (AIR ORIED)

INHERENT MOISTURE % 3.700 3.900 3.800 3.800 3.400 3.800
ASH ] 43.800 43.800 42.500 $2.900 44.300 42,500
VOLATILE MATTER b 17.800 17.600 17.700 18.700 17,800 18.600
FIXED CARBON(BY DIFF) ] 34.700 34,700 36.000 34.600 34.500 35.160
CARBON ] 40.470 49.000 40.970 40.800 35,470 40.400
HYDROGEN L 1.510 ~ L.3e0 1.540 1.620 1.490 1.540
NITROGEN % 510 .830 850 920 860 .860
TOTAL SULPHUR ] 320 .660 1.090 .680 1.550 940
CARBONATE { €02 ) b .600 300 390 .620 20 130
OXYGEN (BY DIFF) ] 7.490 1.730 7.620 7.660 7.210 8.230
GROSS CV Ki/kg 14.880 14.720 13,260 13,120 14,730 13,130
SURFACE MOISTURE ] 4.080 4,290 4.040 3720 4.650 4.080
INHERENT MOISTURE ] 3.550 3.740 3.630 3.660 3.230 3.650
TOTAL MOISTURE ] 7.630 8.030 7.680 7.380 7.900 1.730

PROXIMATE AND ULTIMATE ANALYSIS (AS RECEIVED)

TOTAL MOISTURE ] 7.630 8.030 7.690 7.380 1.900 1.730
ASH (BY DIFF) ] 41.961 41,588 41.266 41.617 42.06) 40.895
VOLATILE MATTER ] 17.047 16.816 16.958 17.978 16.944 17.812
FIXED CARBON{BY DIFF) ] 33.562 33.467 34.086 33.026 33.093 33.583
CARBON L] 38.689 38.418 38.936 318.912 38.096 38.654
HYDROGEN ] 1.419 1.440 1434 1.47% 1.402 140
NITROGEN ] 872 183 853 .884 819 824
TOTAL SULPHIR X .683 149 .956 160 1.171 884



Table G.1:

PARAMETER

CARBONATE { COZ )
OXYGEN

GCVy (AS RECD, BOMB)
GCVy (DAILY AVERAGE)
GCVv {BIAS.DAILY AVE)

NCVp (CALCed, DULONG)

HEAT [N VOLATILES

CARBON IN DUST
CARBON IN ROUGH ASH

MEAN CARBON IN ASH

NILLING PLANT
NUMBER OF MILLS 1/§
MILL CONFIGURATION

PF FINENESS {%<7Spm]

WORKING FLOID CONDITIONS

SPEC GRADE COAL 630 MW TESTS

REHEATER SFRAY FLOW
FEED FLOW (ORIFICE)
TOTAL FEED FLOW
NAIN STEAN TEMWP.
REHEAT STEAN TEMP.

FINAL FEEDW. TEWP,

IT5

*

%
KJ/kg
MI/kg
Wi/kg

N/kg

kg/s
kg/s
kg/s
C
i

C

375

1.173

14.251

14,346

14.300

15.806

10.813

100

1.500

158

6.000

ABCDEF

73.130

14.005

488.507

502.512

535.380

335.400

245.150

478

1.405

14.087

14. 349

14.118

15.137

19.655

100

800

107

6,000

ABCOEF

73.330

14.147

490.931

505.078

333.947

335.600

15,150

.365

1.300

14.643

14.349

14.496

15,93

1.0

.600

700

.607

6.009

ABCDEF

15.970

13.035

492.423

505.458

534.24

335,106

145,150

.396

1.364

14.551

14.349

14.453

13.969

13,014

860

400

N

6.000

ABCDEF

74,660

12.089
464.639
306,718
534.387
535.603

144.850

(Monday, 9th May 1994)

685

6.863

14.044

1£.349

14.196

15.624

10.307

1.100

.800

1,078

6.000

ABCOEF

18.440

11.259

497.406

508.663

534,113

535.500

144,506

630/23.5/11000 630/19.5/12h30 630/15.0/13130 630/10.0/14h30 630/08.0/16h45 630/05.5/15h30

.699

1,881

14.512

14.349

14.430

15.830

11.182

1.200

100

6.000

ABCDEF

14.030

10.346

497.898

508.2¢4

334.400

§35.800

244.520



Table G.1: SPEC GRADE COAL 630 MW TESTS (Monday, 9th May 1994)

PARAMETER UNITS  630/23.5/11h00 630/19.5/12030 630/15.0/13h30 630/10.0/14h30 630/08.0/16h45 630/05.5/15h30

CONDENSER PERFORMANCE

CW INLET TEWP.(T1) 'C 16.221 17.514 18.0352 18.441 17.638 18.005
{¥ OUTLET TEWP.(T2) '€ 315.283 36.599 37.014 17.042 36.648 36.851
CONDENSATE TEMP. 'C 38.983 40.271 40.644 40.770 40.280 40.363
BACRPRESS. (AVERAGE) kP2 4.941 3,252 3.351 5.423 5.270 5.1
C¥ PUNPS I/S (WEST) } 3.000 3.000 3.000 3.000 3,000 3.000
ELECTRICAL PARAMETERS

UNITS GENERATED L] 627.448 621.74) 627.630 627.400 627.34) 627.400
UNIT CONSUNPTION (] 26.196 15.876 15.548 15.360 15.185 25.044
REACTIVE LOAD MVAR 246.465 124,285 230.113 118.320 198.143 121.0%0
VORKS POFER / 050 ] 4.357 4.299 4.243 4.212 4,178 4.138
STEP OUTPOT PARAMETERS

EFF. GCVv (BOMB) ] 39.654 40.042 39.263 1.614 40.233 3.1
EFF. GCVv (DAILY AVE) ] 39.382 15.312 40.067 40.189 39.379 8.1
EFF. GCVv(DAILY BIAS) ] 39.518 35.674 39.661 39.899 39.802 38.533
EFF. NCVp (CALCed) X 35.152 35.844 36.084 36.112 36.163 35.143
STEP FACTOR ] 98.942 99.013 99.009 99.059 99.218 98.987
TOTAL ACCOUNTED LOSS ] 1.058 983 990 941 182 1.013
UNACCOUNTED LOSSES X 0ot .000 .001 .000 -.000 .000
STEP LOSSES

CARBON IN REFUSE ] -1 -.119 -.039 -.0M -.020 . 168
DRY FLUE GAS ] WAl 178 A1 075 -.053 -.09



Table G.1: SPEC GRADE COAL 630 MW TESTS (Monday, 9tb May 1994)

PARAMETER ONITS  630/23.5/11R00 630/19.5/12h30 630/15.0/13h30 630/10.0/14h30 630/08.0/16h45 630/05.5/15h30
H2 & FUEL MOISTURE b -.03 -.025 -.013 -.008 -.004 ~.005
MAIN STEAM TEMP. L] -.009 .026 019 015 019 015
REHEAT STEAM TEWP, ] -.010 -.014 -.003 -.014 =012 -.019
CONDENSER BACKPRESS. 1 .040 037 029 .01 034 028
TORB. DETERIORATION ] 894 894 894 894 894 894
FINAL FEEDWATER TEMP. ] -.003 -.004 -.005 .002 Q11 010
FORKS POWER 1 000 012 -.009 025 -.088 -.088




Table G.2:

PARAKETER

FLUE GAS ANALYSIS

02 ECON AVERAGE

02 A/HTR QUTL AVG DRY
02 ID DISCHARGE AVG
02 ECON DRY

02 ID DISCHARGE DRY

02 1D AVG DRY
(02 (THEORETIC MAX]
€02 [OSTWALD) DRY

02 {OSTWALD]

502 1D AVG DRY
Kox 1D AVG DRY

CO (CODEL) AVG DRY

SPEC GRADE COAL 550 MW TESTS

UNITS

% vo!
% vol
% vol
% vol

% vol

% vol
% mass
% vol

% vol

pra
ppa

prm

AIR & FLUE GAS PROPERTIES

BAROMETRIC PRESSURE
ANBIENT TEMPERATURE
RELATIVE HUMIDITY

DEWPOINT TEMPERATURE

FD AIR INLET T.(Tdb)

abar

'

§.447

5.1

6.139

4.438

6.308

12.447

16.819

13.152

1,145

809.521

698.047

32.320

844,093

20.610

24.900

-19.745

33,723

3.791

5.300

3.582

3.879

3.764

12.914

17.006

13.729

6.725

843.570

116.109

32,395

843.9%0

20.885

214,750

-19.245

34.360

3315

4.775

5.235

3.310

5. 164

13.308

16.932

14.223

6.243

860.388

127.589

18.001

844,090

20.780

14,615

-29.185

34,526

1.1708

4.043

4.535

1.51§

4.328

13.960

26.997

15.011

3.568

909.816

113.161

15.350

844,330

20.040

25.900

-19.170

34,720

.53

3.998

4.529

2.514

4,260

13.938

16.907

15.014

5.534

904.073

747.836

12,325

842,760

15.280

12.095

-29.100

34,720

{Wednesday, 11th May 1994)

350/30.0/13h45 550/26.0/14h45 550/22.0/15h45 S550/18.0/16045 S50/14.0/20h45 550/10/21h45

1.210

1.394

3l

1.284

1.645

15.499

26.935

16.513

3.843

1018.809

628.383

500.546

845.010

12.900

41,315

-30.285

34.516



Table G.2:

PARAMETER

A/TR GAS OUTLET AVG
NO-LEAK A/HTR OUTL T.
DRY FLUEGAS HEAT LOSS
ID DISCHARGE TEMP AVG

OPACITY

KOTSTURE ATMOSPHERIC
NOISTURE (COAL]
NOISTURE (COMBUSTION)
HOISTORE (HOPPER)
NOISTURE TO FLY-ASH

NETT MOISTURE

AIR FLOW A.FOIL TOTAL
AR FLOW TOTAL

CORE AIR FLOW

SEAL AIR FLOW

AIR HTR LEAKAGE

ESP ATR LEAKAGE
COMBUSTION AIR
THEORETICAL AIR
STOICHTOM. AIR
FURNACE LEAKAGE
CALCULATED FURNACE 01

EXCESS AIR

SPEC GRADE COAL 550 MW TESTS

UNITS
'c
¢
W
'c

%

kg/s
kg/s
kg/s
kg/s
kg/s

kg/s

kz/s
kg/s
kg/s
kg/s
kg/s
kg/s
kg/s
ke/s
kz/s
Xg/s
% pass

kg/s

(Wednesday, 11th May 1994)

350/30.0/13h45 550/26.0/14h4S 550/22.0/15h45 350/18.0/16h45 550/14.0/20h45 550/10/21hd5

141.506

151,629

80.084

132.059

32.486

4.200

10.489

19.674

J.8%4

5.048

33,209

572,254

398.439

11.930

11,942

SN

41,663

546.668

461.761
461.761
35.000
3.596

§4.907

143.716

133.1%0

78.429

134.702

28.981

4.060

10.471

.13

3.969

§.705

33.932

550.762
578.32)
11.930
21.941
51.781
39.693
526.742
460.204
460.204
35.000
1.9

66.338

145.156

134,710

16.831

134.360

18.766

334.846

358.241

11.930

21.941

50.053

J6.438

508,185

458.986

438.987

35.000

1.241

49.199

148.008

157.382

15.244

134.497

24.907

3.733

10.468

19.603

3.992

4.603

N9

510,920

332,052

11.930

11.942

46.171

32.488

485.881

457.388

457.388

35.000

1,338

18.493

148.307

138.007

15.248

137.036

1.471

3.0

9.915

15.513

3.962

£.138

32.432

511182
3129.858
11.930
11.941
46.316
32.01
483.54
456.774
456.774
35.000
1.282

16.768

151.994

138.683

70.366

136.305

20,864

3.413

10,382

19.945

3.549

§.796

33.092

465.336

436.032

11.930

11.942

30.142

15.511

455.890

459.440

435.440

35.000



Table G.2: SPEC GRADE COAL 550 MW TESTS

(Wednesday, 11th May 1994)

PARAMETER ONITS  550/30.0/13h45 550/26.0/14h45 550/22.0/15h45 550/18.0/16h45 550/14.0/20h45 550/10/21h45
ECON GAS(DAF) kg/s 625.543 606.731 387.131 365.741 362,531 536.721
FURNACE GAS DRY ke/s 590.943 571731 352.731 530.747 521.531 501,721
TOTAL A/HTR GAS{DAF) ke/s 679.214 660.013 639.286 613.418 610.347 568.363
10 GAS (DAF) kg/s 12181 699.706 675.775 645.906 642.360 593.88)
1D GAS (CHEM. ANAL.) kg/s 120.378 698.206 674.275 644.406 640.839 592,383
1D GAS (BALANCE TECH}  kg/s 11871 699.706 675.77§ 645.906 642,359 593.88)

VOLUMETRIC - GRAVINETRIC BACK-END GAS RECONCILIATION

THEORETICAL €02 kg/100kg 138.062 140327
BACK-END N2 kg/100kg 568.856 §58.855
BACK-END 02 kg/100kg 50.346 45.339
BACK-END NOx kg/100kg 523 528
BACK-END 502 kg/100kg 1.299 1.328
BACK-END €O kg/100kg 023 022
BACK-END C02 kg/100kg 137.112 139.701
TOTAL GAS kg/100kg 758.420 745,173

WOLE MASS (wixture]  kJ/kmolK 3028.608 3034.046

COAL QUANTITY AND QUALITY

COAL VOLUME FLOW 13/h 393.180 378.019
COAL DENSITY TON/n3 4N .894
COAL MASS FLOW kg/s 95.182 93.823

G- 10

137.101

529.804

38.407

307

1.281

.018

136. 149

106. 167

3038.035

378.438

910

95.696

140.934

520.728

31.568

495

1.329

016

140.044

694.179

3045.285

376.431
.890

93.046

140,815

511,141

31.065

Sl

1.320

014

139.788

693.839

044.653

382.480

AN

92.381

140.040
464.231
17.178
383
1.325
.285
138.458
621.859

3063.576

368.509
933

93.501



Table G.2: SPEC GRADE COAL 550 MW TESTS

(Wednesday,

11th May 1994)

PARAMETER ONITS  550/30.0/13h45 550/26.0/14h45 550/22.0/15h45 $50/18.0/1604S S50/14.0/20045 550/10/21h45

PROXINATE AND ULTIMATE ANALYSIS (AIR DRIED)

[NHERERT MOISTURE % §.100
ASH ] 43.500
VOLATILE MATTER ] 17.400
FIXED CARBON(BY DIFF] ] 35.000
CARBON X 40.280
HYDROGEN X 1,500
NITROGEK X .940
TOTAL SULPHOR ] .900
CARBONATE ( €02 ) X .660
OXYGEN (BY DIFF) ] 1.120
GROSS €V W/kg 15.140
SURFACE MOISTURE ] 7.200
INHERENT MOISTURE ] 3.820
TOTAL MOISTURE % 11,020

PROXINATE AND ULTIWATE ANALYSIS (AS RECEIVED)

4.100

41.200

18.400

36.300

41.800

1.600

.980

.580

140

8.000

15.750

1.340

3.820

11,160

TOTAL MOISTURE ] 11.020
ASH (BY DIFF) ] 40.136
VOLATILE NATTER ] 16.097
FIXED CARBON{BY DIFF) X .
CARBON ] 31.679
HYDROGEN ] 1.328
NITROGEK ] 470
TOTAL SULPHUR X 170
CARBONATE { €02 ) ] 611

11.160

38.516

16.9%6

33.328

38.351

.M

.903

.621

684

G-11

4.100

43.800

17,900

34.200

39.780

1470

1.000

670

.690

7.480

14.810

1.330

3.820

11,110

11.170

39.969

16.531

32329

n.4n

1.312

924

.663

637

4.300

40,600

18.400

36.700

42.000

1.550

1.150

.760

1.930

16.000

7.240

4,010

11,250

11.230
38.180
17.012
33.551
35.463
1.350
1.063
.105

.656

§.409

41.700

17.800

36.100

41.630

1.540

1.000

,120

.160

1.250

15.350

6.580

4.130

10.710

10.710

39.421

16.578

33.290

18.433

1.354

931

.689

108

4.400

41.100

18.600

35.900

41.350

.50

1.060

850

.§00

1.820

13.640

6.970

4.110

11.080

11.080
38.391
17.248
33.081
38.219
1.340
983
794

142



Table G.2: SPEC GRADE COAL 550 MW TESTS (Wednesday, 11th May 1994)

PARAMETER UNITS  550/30.0/13h43 S50/16.0/14R4S 550/22.0/(5h4S $50/18.0/16h4S S550/14.0/20045 $50/10/21h45
QOXYGEN ] 6.587 7.389 6.908 1.331 6.752 1,252
GCVv (AS RECD, BOWB) Wi/ke 14.048 14.591 13.718 14.838 14.524 14.547
GCVv (DAILY AVERAGE) Wi/kg 14,378 14.378 14.378 14.318 14.378 14.378
GCYv (BIAS.DAILY AVE) 1/kg 14.21 14.484 14.048 14.608 14.45! 14,461
NCVp (CALCed, DULONG) Wifkg 15,285 15.353 15.164 15.570 15.514 15.486
HEAT IN VOLATILES b 21.161 12.748 20.298 13.513 11.481 13.091
CARBON TN DOST b 500 500 600 .600 ,700 800
CARBON IN ROUGH ASH ] 1.300 1.000 100 .500 .400 .300
MEAN CARBON IN ASH b 358 .336 607 .393 .678 118
MILLING PLAKT ‘
NUMBER OF KILLS 1/§ H 6.000 6.000 6.000 6,000 6.000 6.000
WILL CONFIGORATION H ABCDEF ABCDEF ABCDEF ABCDEF ABCDEF ABCOEF
PF FINENESS (%<75um) ] 74.530 74,200 15.370 14,120 74.790 73.890

VORKING FLUID CONDITIONS

REHEATER SPRAY FLOW kg/s 13.499 11.910 11,663 10.827 11,330 §.697
FEED FLOW [ORIFICE) kg/s $31.718 434,337 434.865 435.742 433.978 439.118
TOTAL FEED FLOW ke/s 445.1M 446.461 446.528 446.569 445.328 447.315
MAIN STEAM TEMP. 't 335,126 535.36] 535.500 335.500 334,418 535.165
REREAT STEAM TEMP. C 3532.168 532.100 532,100 532.1600 532.098 532.243
FINAL FEEDW. TEMP. ' 138.750 2138.026 138.456 138.446 138,188 137.900

G- 12



Table G.2:

SPEC GRADE COAL 550 MW TESTS

PARANETER UNITS
CONDENSER PERFORNANCE

C¥ INLET TEMP.(T1] '
CW QUTLET TEWP.(T2) C
CONDENSATE TEWP. C
BACKPRESS. (AVERAGE) kPa

C¥ PUNPS 1/5 (¥EST) t

ELECTRICAL PARAMETERS

UNITS GENERATED ||
UNIT CONSUMPTION LL]
REACTIVE LOAD HVAR
JORKS POWER / USO X

STEP OUTPUT PARAMETERS

EFF. GCVv (BOMB] %
EFF. GCWv (DAILY AVE) %
EFF. GCVv(DAILY BIAS] %
EFF. NCVp {CALCed) X
STEP FACTOR %

TOTAL ACCOUNTED LOSS X

UNACCOUNTED LOSSES X
STEP LOSSES

CARBON IN REFUSE X
DRY FLUE GAS X
H2 & FUEL NOISTURE X

(Wednesday, 11tk May 1994)

550/30.0/13h45 550/26.0/14h45 550/22.0/15h45 550/18.0/16h45 550/14.0/20h45 550/10/21045

19.037 19.370
35.973 36.161
37.397 38.010
4.962 3.055
3.000 3.000

549,330 548.930

5.3 25.105
152.150 166.560
4.832 4.79
19.191 38.165
38.291 38.832
38.736 18.541
36.018 33.898
93.582 98.713
1.418 1.287
-.000 -.000
- 149 -1
301 39
003 .001

G- 13

19.475

36.382

11.551

4.995

3.000

549.800

15.019

176.288

4.761

19.975

38.142

39.037

36. 164

98.818

1.182

-.000

- 145

282

.008

19.420

36.161

31.965

5.083

J.000

349.000

1.720

143.038

§.715

31.914

39.191

18.513

36.189

98.849

1.151

-.000

-.09%
1235

.020

17.200

33.954

35.403

4.470

3.000

349.210

U5

134.550

4,718

39.010

39.406

39.207

36.319

99.219

182

-.001

-

-.04)

.008

16.520

3%

W80

4.232

3.000

343,514

1409

160.932

§.648

n.199

18,245

38.020

35.507

98.934

1.066

.000

.098
-0

00



Table G.2:

PARAMETER
MAIN STEAN TEWP.
REHEAT STEAN TEWP.
CONDENSER BACEPRESS.
TURB. DETERIORATION
FINAL FEEDVATER TEWP.

HORKS POWER

SPEC GRADE COAL 550 MW TESTS

UNITS
1

LS

(Wednesday, 11th May 1994)

550/30.0/13h45 550/26.0/14h4S 550/22.0/15h45 550/18.0/16h45 530/14.0/20045 550/10/21h45

-.003

.068

032

894

-.023

0N

-.009

070

.053

A%

-.006

.0%0

-.012

070

03

8%

-.015

.069

G- 14

-.012

070

046

494

-.017

010

014

070

043

494

-.010

032

-.004

.066

025

894

-.002

.007



Table G.3: SPEC GRADE COAL 500 MW TESTS (Tuesday, 10th May 1994)

PARAWETER UNITS  500/31.0/09h15 500/26.5/11200 500/23.5/12h00 S00/19.0/13h13 500/16.0/14h1S S00/1{.0/15h30

FLUE GAS ANALYSTS

02 ECON AVERAGE % vol 4.818 £.306 3.807 3.095 1.730 1.800
02 A/HTR QUTL AVG DRY % vol 3.884 3.604 5.136 §.423 3.950 3.149
02 ID DISCHARGE AVG X vol 6.694 6.211 5.1 5.061 _ 4.675 3.910
02 ECON DRY % vol 4.749 4.389 3.861 3.080 1.583 1.893
01 ID DISCHARGE DRY & vol 6.441 6.110' 5.593 4.771 4.205 3.359
{02 1D AVG DRY % vol iz.418 12.592 12.937 13.648 13.966 14.637
(02 {THEORETIC MAX) % mass 16.993 26.900 16.796 17.022 26.907 16.780
€02 (OSTYALD) DRY % vol 13.114 13.359 13.764 14.628 15.963 13.750
02 (0STYALD) % vol 1,263 1.018 6.575 5.926 3.503 4.681
802 ID AVG DRY 4 771,356 806.175 836.714 891.017 924.224 995.971
NOz 1D AVG DRY ppa 123.421 112.347 689.748 664.474 651.936 357,237
C0 {CODEL} AVG DRY ppR 12.503 18.849 40.072 19,434 38.605 186.061

AIR & FLUE GAS PROPERTIES

BAROMETRIC PRESSURE abar 846.200 845.825 845.190 844.455 844.0%0 844.035
AMBIENT TENPERATURE C 12.280 17.205 18.395 19.393 19.395 19.703
RELATIVE HOMIDITY X 61.255 34.260 30.410 17.935 17.210 16.520
DEWPOINT TEMPERATURE ' -31.453 -29.775 -29.465 -19.200 -29.053 -29.008
FD AIR INLET T.(Tdb) C 17.536 32.495 33.5%8 13.811 .24 34.508
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Table G.3: SPEC GRADE COAL 500 MW TESTS (Tuesday, 10tP May 1994)

PARAKETER UNITS  300/31.0/0%h15 300/26.5/11h00 3500/23.5/12h00 500/19.0/{3h13 500/16.0/14hi5 500/11.0/15h30
A/HIR GAS OOTLET AVG 'C 130.774 135.15 137.490 140.073 141.436 145.101
NO-LEAK A/HTR OOTL T. C 138.184 143,511 145.477 148.299 149,637 132,341
DRY FLUEGAS HEAT LOSS L 89.957 68.855 67.529 66.314 64.989 63.819
1D DISCHARGE TEMP AVG ' 118.154 121.306 124.716 127.615 128.870 131.026
OPACITY ] 10,145 14.981 13.680 15.838 12,059 18.941
MOISTURE ATMOSPHERIC kg/s 3.889 3.809 3.693 3.320 3.410 3.257
MOISTURE (COAL) kg/s 10.586 5.991 10,172 9.984 10.387 10.323
HOISTURE (COMBUSTION}  kg/s 18.589 18.59 18.283 18.368 18.185 18.541
MOISTURE (HOPPER) kg/s 3,955 3.932 3.870 4.019 3.935 3.969
MOISTURE T0 FLY-ASH kg/s 4.768 4.875 5.139 4.478 4.7 4.707
NETT WOISTURE kg/s 32.249 31.390 30.860 31.412 3167 31.383
AIR FLOW A.FOIL TOTAL  kg/s 526.865 519.254 501.893 484.359 460.985 447.511
AIR FLO¥ TOTAL kg/s 354.082 542.710 326.051 501.329 485.601 463.776
CORE AIR FLOW ke/s 11.930 11,930 11.930 11.930 11.930 11.930
SEAL AIR FLOW ke/s 18.285 18.285 18.285 18.285 18.185 18.285
AIR TR LEAKAGE kg/s 41.700 41.8%) 41.388 40.979 38.473 33.549
ESP AIR LEAKAGE kg/s 40,475 18.756 36.050 32.11 19.617 16.064
COMBUSTION AIR kg/s 512,382 499.817 483.661 460,351 446.128 430.228
THEORETICAL AIR kg/s 426.671 425.617 415,157 423.542 412.11 411.602
STOICHIOM. AIR kg/s 426.677 415.617 425.157 413.542 412.121 422,601
FURNACE LEAKAGE kg/s 35.000 35.000 35.000 35.000 35.000 35.000
CALCULATED FURNACE 02 % mass 3.81 34 1.800 1.851 1.246 410
EXCESS AIR kg/s 85.705 14.199 38.305 36.808 14.006 1.616
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Table G.3: SPEC GRADE COAL 500 MW TESTS (Tuesday, 10tk May 1994)

PARANETER UNITS  500/31.0/09h15 500/26.5/11h00 500/23.5/12h00 500/19.0/13h15 500/16.0/14hI5 500/11.0/15k30
ECON GAS{DAF| kg/s 589.046 375.830 559.318 3$36.740 3521.979 505.637
FURNACE GAS DRY kg/s 554.046 540.830 524.1378 501.740 486.979 470.637
TOTAL A/HTR GAS(DAF) ke/s 632.246 620.223 603.266 579.218 362.952 540.686
1D GAS (DAF) kg/s 672.921 638.979 639.316 611.431 392.569 566.750
ID GAS {CHEN. ANAL.) kg/s 671.421 657.479 637.816 609.931 591.069 365.250
1D GAS (BALANCE TECH]  kg/s 672,921 658.979 $39.316 611,431 592.569 366.750

VOLOMETRIC - GRAVIKETRIC BACK-END GAS RECONCILIATION

THEORETICAL C02 kg/100kg 134,637 134.361 131.897 131.519 134.457 135.358
BACK-END N1 kg/100kg 355.141 548,227 513.824 519.328 496.761 478,171
BACK-END 02 kg/100kg 50.491 47.154 41,154 34,766 19.214 11.424
BACK-END NOx kg/100kg 531 316 416 454 425 8
BACK-END 501 kg/100kg 1210 1.246 1.13) 1.300 1.286 1.331
BACK-END €0 kg/100kg .009 019 .026 019 01 .109
BACK-END €02 kg/100kg 133.871 133.653 130.936 136.761 133.464 134.401
TOTAL GAS kg/100kg 741.860 130.815 697.641 692.628 861.175 636.885

KOLE NASS (mixture)  kJ/kmolX 3028.550 3030.130 3033.703 J041.992 044,936 3052.537

COAL QUANTITY AND QUALITY

COAL VOLUME FLOW 13/ 353.085 353.013 352.095 351,212 347,344 352,125
COAL DENSITY T0K/n} 925 .920 XY .905 .929 910
COAL MASS FLOW kg/s 90.707 90.170 91.639 88.271 89.624 88.988
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Table G.3: SPEC GRADE COAL 500 MW TESTS {Tuesday, 10th May 1994)

PARANETER ONITS

500/31.0/09k13 300/26.5/11h00 500/23.5/12b00 500/19.0/13h1S 500/16.0/14h1S $00/11.0/15h30

PROXIMATE AND ULTINATE ANALYSIS (AIR DRIED]

[NHERENT MOISTURE ] 4.000 3,600 3.500 3.500 3,300 3.600
ASH ] 43.500 44,600 46.500 41.000 44.300 43,900
VOLATILE NATTER ] 18.200 18.200 17.700 18.200 £7.900 18.500
FIYED CARBON(BY DIFF) ] 34.300 33.600 32.300 36.300 34.500 34.000
CARBON ] 40.030 39,750 38.300 41.810 40.160 40.710
HYDROGEN ] 2.500 1.500 2,430 - 1.540 1.4%0 2.350
NITROGEN ] .990 1.010 1.010 1.040 1.050 1.030
TOTAL SULPHUR b 550 .580 .790 S0 .660 120
CARBONATE { C02 ) ] 610 .760 .600 .680 .780 670
OXYGEN (BY DIFF) ] 1.820 1.200 6.870 1.850 1.260 6.820
GROSS CV Kl/kg 15.010 13.000 14.440 15.820 15.130 13,350
SURFACE MOISTURE X 1.970 1.740 1.860 8.070 8.350 8.290
INHERENT MOISTURE ] 3.700 3.340 3.240 3,240 3.040 3.310
TOTAL MOISTURE ] 11.610 11.080 11.100 11.310 11.590 11.600
PROXIMATE AND ULTIMATE ANALYSIS (AS RECEIVED)

TOTAL MOISTURE b3 11.670 11.080 11.100 11,310 11.5%0 11.600
ASH (BY DIFF) ] 40.104 41.140 42,207 39.454 40.548 40.678
VOLATILE WATTER x 16.694 16.743 16.262 16.682 16.321 16.914
FIXED CARBON(BY DIFF) X 31532 ' 31.037 30.431 1.5 31.540 30.808
CARBON ] 36,745 36.670 35.981 37.548 36.696 36.996
HYDROGEN ] 1.293 1.196 1.263 1.310 1.281 1.1
NITROGEN X .908 .9126 928 953 957 942
TOTAL SULPHUR ] 548 .562 .658 357 .596 625
CARBONATE { C02 ) X .360 .689 351 .632 i 613
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Table G.3:

PARMETER

OXYGEN

GCYv (AS RECD, BOB)
GCYY (DAILY AVERAGE)
GCY7 (BIAS.DAILY AVE)

NCVp {CALCed, DULOKG)

HEAT IN VOLATILES

CARBON IN DOST
CARBON IN ROUGH ASH

MEAN CARBON IN ASH

MILLING PLANT
NUMBER OF ILLS 1/$
KILL CONFIGURATION

PF FINENESS (%<75ua)

SPEC GRADE COAL 500 MW TESTS

NITS
%
Wi/kg
Wike
Ki/kg

i/kg

H

%

H
$

]

TORKING FLUID CONDITIONS

REHEATER SPRAY FLO¥
FEED FLOW (ORIFICE)
TOTAL FEED FLOW
WAIN STEAN TEMP.
KEHEAT STEAN TEMP.

FINAL FEEDW. TEWP.

kg/s
kg/s
kg/s
'C
't

C

(Tuesday, 10th May 1994)

500/31.0/09k13 500/26.5/11h00 500/23.5/12h00 500/19.0/13h15 500/16.0/14h15 500/11.0/15k30

7.1713

13.811

13.906

13.858

14.890

22,784

450

1.000

490

5.000

BCDEF

76.880

10.402

394.773

405.175

534,900

535,300

133.200

6.623

13.836

13.906

13.87

14.881

.400

800

429

3.000

BCDEF

18.430

9.863

394,455

404.3120

335.050

535.300

133.800
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6.312

13.303

13.906

13.604

14.614

12,635

300

1.000

336

3.000

BCOEF

15,150

5.162

394,375

403.537

536.100

535.600

133.650

7.193

14.540

13.906

14.223

15.194

14N

500

.§00

YY)

5.000

BCDEF

75.810

8.324

394.312

402.636

534.900

535.500

133.307

6.620

13.833

13.906

13.869

14.863

22.887

.600

.900

.622

5.000

BCOEF

78.860

8.276

393.317

401.593

335,500

334.400

133.200

6.235

14,113

13.906

14.009

15.006

26.17

.650
.300

.639

3.000

BCDEF

15.180

6.481
194,131
401.212
536.100
335.500

133.200



Table G.3:

PARANETER

CONDENSER PERFORKANCE
CW INLET TENP.(T1)

C¥ OUTLET TENP.(12)
CONDENSATE TENP.
BACKPRESS. [AVERAGE)

C¥ PUKPS 1/5 (WEST)

ELECTRICAL PARAMETERS
UNITS GENERATED

UNIT CONSUMPTION
REACTIVE LOAD

WORKS POWER / USO

STEP OUTPUT PARANETERS

EFF. GCVv (BOWB)

EFF. GCVv {DAILY AVE)
EFF. GCVv{DAILY BIAS)
EFF. NCVp (CALCed)
STEP FACTOR

TOTAL ACCOUNTED LOSS
UNACCOUNTED LOSSES
STEP LOSSES

CARBON IN REFUSE

ORY FLUE GAS

H2 & FUEL WOISTURE

i)

ITS

'C

'

¥Pa

NVAR

)

>

SPEC_GRADE COAL 500 MW TESTS

(Tuesday, 10*h May 1994)

500/31.0/09k15 500/26.5/11k00 500/23.5/12k00 500/19.0/13h15 500/16.0/14R15 500/11.0/15030

13.715 16.762
19.125 32.012
32.331 35.255
3.207 ARV
3.000 3.000

439,900 500.000

13.1713 12,906
130.638 151.87
4.861 4.801
38.055 38.241
37.795 38.049
31.924 38,145
35.291 35.553
99.046 99.171
954 RA
.000 -.000
-.040 -.168
248 230
-.016 -.018
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17.718

32.940

J6.1261

4.103

3.000

500.000

12.83]

131,653

4.185

39.143

31.445

18.275

35.630

99.189

A1

.000

-.079
153

-.009

18.353

33.804

35.866

4.299

3.000

500.000

.31

153,211

4.729

37,196

38.891

38.025

35.595

99.169

R

.000

-.017
12

.006

18.638

34.030

34,844

4.339

3.000

499.906

12.502

147,235

4713

18.508

38.306

318.407

35.84

99.218

181

-.000

-.018
078

011

18.720

13.323

35.898

4.184

3,000

500.100

12.316

143.144

4.671

38.044

38.610

38.325

35.779

99.023

973

.000

14

178

043



Table G.3: SPEC GRADE COAI 500 MW TESTS (Tuesday, 10th May 1994)

PARAWETER ONITS  500/31.0/09h15 500/26.5/11k00 500/23.5/12k00 500/19.0/13R15 500/16.0/14h15 500/11.0/15h30
MAIN STEAM TENP. X .002 -.001 -.026 .002 -.012 -.012
REHEAT STEAK TEMP. X -.012 -.012 -.014 -.012 014 014
CONDENSER BACKPRESS. ] 012 025 .028 040 038 -.012
TURB. DETERIORATION X 894 894 .44 494 894 354
FINAL FEEDWATER TEMP. ] -.007 -.012 -.019 -.009 -.007 -.006
WORKS POWER X -.118 -.106 - 120 -.154 -. 16 -.1m
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Table G.4: SPEC GRADE COAL 450 MW TESTS (Friday, 13*h May 1994)

PARANETER ITS  450/28.3/05k00 450/25.5/11h00 450/22.5/15h4S 450/19.5/16h4S 450/16.5/17h45 450/12.5/19h00

FLUE GAS ANALYSIS

02 ECON AVERAGE % vol 3.364 4.887 3.901 3.180 g 3. 419
02 A/HTR OUTL AVG DRY % vol 6.343 5.856 5.450 47171 4.386 3.907
02 1D DISCHARGE AVG X vol 1.128 6.697 5.898 5.783 3.1 4.896
02 ECON DRY % vol 5.501 §.866 4,293 3.539 3. 140 1,613
02 ID DISCHARGE DRY % vol 6.980 6.429 5.911 5.188 4,753 4.178
C02 ID AVG DRY % vol 12.034 12.463 12.593 13.396 13.768 14.182
C02 {THEORETIC HAX) % mass 1n.m 11.122 16.791 n.1n AL 11,176
€02 {OSTWALD) DRY % vol 12.670 13.189 13.466 14.336 14,770 15.309
02 (OST¥ALD) % vol 1.1 1.282 6.949 6.289 3.9 5.495
$02 ID AVG DRY ppa 654,321 671.551 132,706 748.850 172.428 192.430
NOx iD AVG DRY ppa 106.060 108.218 667,364 664.406 646.338 612,576
€0 (CODEL) AVG DRY ppa 15.911 24.364 41.161 41.961 54.304 17.043

AIR & FLUE GAS PROPERTIES

BAROMETRIC PRESSURE pbar 847.450 847.105 845.290 845.480 §45.660 843.440
ANBIENT TEMPERATURE 'C 12.885 16.010 15.900 18.350 18.750 18.110
RELATIVE HUKIDITY ) 62.180 41.435 11.135 22.400 13,108 20.185
DEWPQINT TEMPERATURE C -30.620 -30.290 -19.685 -29.790 -29.685 -18.490
FD AIR INLET T.(Tdb) ¢ 18.671 30.909 34.464 34,406 33.940 31.339
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Table G.4:

SPEC GRADE COAL 450 MW TESTS

PARAMETER UKITS
A/HTR GAS OUTLET AVG C
NO-LEAK &/HTR 0UTL T. C
DRY FLUEGAS HEAT LOSS L1}
ID DISCHARGE TEMP AVG C

OPACITY ]

MOISTURE ATMOSPHERIC  kg/s
OISTURE {COAL) kg/s
NOISTURE (COMBUSTION}  kg/s
MOISTURE (HOPPER) kg/s
MOISTURE TO FLY-ASH  kg/s

NETT MOISTURE kg/s

AIR FLOW A.FOIL TOTAL  kg/s

AIR FLOW TOTAL kg/s
CCRE AIR FLOW ke/s
SEAL AIR FLOW kg/s
AIR HTR LEAKAGE kg/s
ESP AIR LEARAGE kg/s
COKBUSTION AIR kg/s
THEORETICAL AIR k/s
STOICHION. AIR kg/s
FURNACE LEAKAGE kg/s

CALCULATED FURNACE 02 % mass

EXCESS AIR kg/s

117.189

132.578

61.966

121,257

13.428

3.637

9.657

17.287

4.091

498.758
520,931
11.930
18.185
30.449
41.410
490.482
391,288
391,288
35.000
4.681

99.195

130.421

136.641

61,174

122.565

12.365

351

9.384

17.060

4.047

4,351

19.671

484.791
303.116
11.530
18.285
33.510
38.411
465.605
390.466
390.466
35.000
3.901

79.139
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129.418

136.185

37.108

126.74]

11.385

3.4

8.823

19.402

4,119

4.019

3L

457.482

487.184

11.930

18.285

36.771

35.520

450.413

388.145

388.145

35.000

3.200

62.268

133,168
140.220

37,367
128.337

11.481

3.218
8.747

16.364

4.028

18.478

449.804
466.173
11.930
18.285
33.562
3.1
431. 211
388.319
388.319
35.000
2.303

41.891

(Friday, 13th May 1994)

134.409

141.607

37.100

128.435

18.578

3.196

436.946

455.111

11.930

18.285

34.900

30.282

420.210

387.760

387.760

35.000

1.788

32.451

450/28.5/09h00 450/25.5/11h00 450/22.5/15h4S 450/19.5/16h45 450/16.5/17hd5 450/12.5/19h0(

136.936
144,438

37.851
122.565

15.283

425.145
440.726
11.930
18.285
34.004
17.893
406,722
386.481
386.481
35.000
1,152

20.241



Table G.4: SPEC GRADE COAL 450 MW TESTS (Friday, 13th May 1994)

PARAMETER UNITS  450/28.5/09R00 450/25.5/11h00 450/22.5/15h4S 450/19.5/16h4S 450/16.5/17h45 450/12.5/13h00
ECON GAS{DAF) ke/s 364.414 343.538 523,143 505.088 493.937 480.639
FURNACE GAS DRY kg/s 329.414 508.558 488.14] 470.088 458.937 445.659
TOTAL A/HTR GAS{DAF) kg/s 396.363 578.569 361.414 542.150 330,338 516.163
1D GAS (DAF) kg/s 631.773 616.980 396.934 374.422 560.620 544.056
1D GAS (CHEN. ANAL.) kg/s 636.273 615.480 395.434 372,923 359.120 342,356
1D GAS {BALANCE TECH)  kg/s 637.773 616.980 396.932 374.424 360.623 544.061

VOLOMETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION

THEORETICAL €02 kg/100kg 136.804 135.307 138,104 139.030 139.768 138.378
BACK-END N1 kg/100kg 382,152 557.309 365.016 534.26) 322,536 303.407
BACK-END 02 kg/100kg 37.410 50,551 46.893 38.957 34,880 19.48)
BACK-END Nox kg/100kg .345 322 497 468 445 405
BACK-END 502 kg/100kg 1.077 1.066 1.164 1.126 1.135 1119
BACK-ERD C0 kg/100kg 011 017 029 028 035 011
BACK-END €02 kg/100kg 136.139 134774 137.403 133.356 138.968 137,624
TOTAL GAS kg/100kg 177334 144,239 151.004 713,198 67.999 672.049

HOLE MASS (mizture}  kJ/kmolR 3024.135 3029.882 3029.078 3039111 3043.403 3047.799

COAL QUANTITY AND QUALITY

COAL VOLUME FLOW 2d/h 3.4 309.959 308.446 306.197 W07.157 303.719
COAL DENSITY TON/83 .943 .963 928 947 941 960
COAL MASS FLOW kg/s 82.046 82.901 79.484 80.542 80.319 80.935
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Table G.4: SPEC GRADE COAL 450 MW TESTS (Friday, 13th May 1994)

PARAMETER ITS  450/28.5/09h00 450/25.5/11h00 450/22.5/15h45 450/19.5/16h45 450/16.5/17h45 450/12.5/19R00

PROXINATE AND ULTIMATE ANALYSIS (AIR DRIED}

INHERENT MOISTURE ] 4.900 4.800 4.600 5.400 5.800 5.600
ASH ] 41.500 41.900 41,300 40.400 40.000 40.600
VOLATILE WATTER ] 18.700 18.500 18.800 18,00 18.800 18.600
FIXED CARBON(BY DIFF) ] 34.900 33.800 35.300 35.300 35.400 35.200
CARBON ] 40.060 35.010 40.630 40.720 41.150 40.430
HYDROGEN ] 2,550 1.480 1.540 1.420 1.3%0 2.360
NITROGEN b 1.060 1.040 1.060 1.140 1.020 1.060
TOTAL SULPHUR b .630 .300 360 .680 420 470
CARBONATE { C02 ) ] .840 .800 910 930 .880 800
OXYGEN (BY DIFF) ] 8.440 8.470 8.000 8.310 8.340 8.660
GROSS ¢V Ni/kg 15.100 14.560 15.300 13.280 15,320 15.170
SURFACE MOISTURE b 1.200 6.830 6.790 5.750 5.730 3.980
INHERENT MOISTURE ] 4.570 4,490 4.310 5.110 5.490 5.280
TOTAL NOISTURE b 11.770 11.320 11.100 10.860 11.220 11.260

PROXINATE AND ULTINATE ANALYSIS {AS RECEIVED

TOTAL MOISTURE ] 11.770 11.320 11.100 10,860 11.220 11.260
ASH (BY DIFF) b 38.423 39,365 38.889 38.558 38.264 38.361
VOLATILE MATTER b 17.289 17.17 17.466 17.755 17.660 17.416
FIXED CARBON(BY DIFF) b J1.518 32.138 32.545 32.828 32.855 32.953
CARBON ] 31.336 36.928 37,691 37,944 38.145 31.766
HYDROGEN ] 1.35 1.8 1.541 .31 2.299 1.281
NITROGEN b .980 .966 .985 1.071 958 .993
TOTAL SULPHUR ] 355 487 S1s ST 452 475
CARBONATE ( C02 ) b .m 143 845 A1 A8 .49
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Table G.4: SPEC GRADE COAL 450 MW TESTS (Friday, 13th May 1994)

PARAMETER UNITS  450/28.5/09K00 450/25.5/11h00 450/22.5/15h45 450/19.5/16045 450/16.5/17045 450/12.5/19h00
OXYGEN % 7.803 7.864 7.432 7.806 7.834 8.113

GCVy [AS RECD, BOMB)  Mi/kg 14,009 13.563 14,258 14,398 14.4%9 14.260

GOV (DAILY AVERAGE)  WJ/kg 14.154 14,154 14.154 14.154 14,154 14.154

GCVy (BIAS.DAILY AVE)  MJ/kg 14,082 13.859 14.206 14,276 14.296 14.207

NCVp (CALCed, DULONG)  Mi/kg 15.168 14,999 15,521 15,345 15,377 15.129

HEAT IN VOLATILES 4 21,498 19.860 22.801 22.890 23,041 21,849

CARBON IN DUST . e 300 400 400 500 500

CARBON IN ROUGH ASH % 900 700 900 700 600 500

NEAN CARBON IN ASH % 436 319 436 42 507 500

MILLING PLANT

NUNBER OF MILLS 1/$ } 5.000 5.000 5.000 5,000 5.000 5.000

NILL CONFIGURATION $ BCDEF BCDEF BCDEF BCDEF BCOEF BCDEF
PF EINENESS (%<75a) % 81.950 $3.200 82.140 83.730 82330 81.950

JORKING FLOID CONDITIONS

REAEATER SPRAY FLOW kg/s 9.973 9.247 1.807 1.441 1.383 6.652
FEED FLOW (ORIFICE] kg/s 335.503 337.605 341.404 338.304 339159 339.979
TOTAL FEED FLOW kg/s 345,476 346.852 349,211 345,746 346.541 346.631
MAIN STEAN TEWP. ¢ 536.600 $36.600 536.767 536.400 536.583 §36.219
REHEAT STEAM TEMP. ¢ 535,300 534,400 534.400 534.400 534.400 53431
FINAL FEEDW. TENP. C 128.300 118.300 228.250 228,300 128.300 128.307
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Table G.4: SPEC GRADE COAL 450 MW TESTS (Friday, 13th May 1994)

PARANETER UNITS  450/28.5/09h00 450/25.5/11h00 450/22.5/15h45 450/19.5/16h43 450/16.5/17h45 450/12.5/19h00
CONDENSER PERFORNANCE

CW INLET TEWP.(T!) 'C 14.932 16.415 19.191 19.166 19.015 18.760

C¥ QUTLET TEMP.(T2) 'C 18.769 30,235 J2.814 32.894 32.513 32.404
CONDENSATE TEMP. 'C 18.64] 19.811 32.36é 12.478 32.415 32.105
BACKPRESS. (AVERAGE) kP2 3.068 3.365 4.013 | 4.007 1.9 3.530
C¥ PUNPS 1/S (WEST) } 3,000 3.000 3.000 3.000 3.000 3.000

ELECTRICAL PARAMETERS

UNITS GENERATED i ] 449.200 449.709 449,267 449.067 449,161 449.010
UNIT CONSUMPTION w 13.039 11,764 12.529 22.485 12.389 12.1%4
REACTIVE LOAD NVAR 257.030 17.014 106,983 131.78] 132.900 135.513
WORKS POWER / 0S0 ' 5.406 5.31 5.219 5. 5.145 5.200

STEP OUTPUT PARAMETERS

EFF. GCVv (BOMB) ' 7.0 .91 37.656 36.783 36.810 36.971
EFF. GCVv (DAILY AVE} X 36.696 36.385 37.930 37.419 31.349 371,248
EFF. GCVv{DAILY BIAS) ' 36.886 37.161 37.793 37.099 .17 37109
EFF. NCVp (CALCed) ' 34.244 3.9 W.5m W51 34,563 34.620
STEP FACTOR ' 98.8121 99.011 99.084 99.144 99.219 98.952
TOTAL ACCOUNTED LOSS ] 1.178 .989 916 856 181 1.048
UNACCOUNTED LOSSES ' .000 .000 .000 -.000 -.000 .000
STEP LOSSES

CARBON 1N REFUSE ) -.03 -.0n -.060 -.089 -.01 12
DRY FLUE GAS ) 48 176 .084 016 -.052 .064
A2 & FUEL NOISTURE ) -.019 -.020 -.017 -.010 -.006 020
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Table G.4: SPEC GRADE_COAL 450 MW TESTS (Friday, 13th May 1994)

PARANETER UNITS  450/28.5/09h00 450/25.5/11h00 450/22.5/15h45 450/19.5/16h45 450/16.5/17h45 450/12.5/19R00
MAIN STEAN TENP. ] -.037 -0 -.040 -.032 -.036 -.018
REHEAT STEAN TEWP. X -.012 014 014 014 014 015
CONDENSER BACKPRESS. ] .006 ,007 016 021 ,005 -.079
TURB. DETERICRATION b4 894 894 834 394 894 894
FINAL FEEDVATER TEKP. ] -.013 -.011 -.01 -.013 -.012 -.01
WRKS POWER ] 043 042 036 .054 -.014 -.040
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Table G.5: SPEC GRADE COAL 400 MW TESTS (Thursday, 12th May 1994)

PARANETER UNITS  400/34.0/09h00 400/3G.0/11h15 400/26.0/13h00 400/22.0/14h00 400/18.0/15h00

FLUE GAS ANALYSIS

02 ECON AVERAGE % vol 5.340 4128 3.896 3.143 1.708
0% A/HTR OUTL VG DRY X vol 3.809 3456 4.89] 4214 3.604
02 1D DISCHARGE AVG X vol 113 6.361 3.982 5.358 4.913
0% ECON DRY % vol 5.219 4.736 4.061 3.2 2510
02 1D DISCHARGE RY % vol 6.336 6.143 5.319 4.699 3.989
C02 1D AVG DRY % vol 12.1%1 12.533 13.047 13.614 14.21)
€02 (THEORETIC MAX) ¥ mass 2673 16.847 16.889 26.908 17.059
€02 {OSTWALD) DRY % vol 12.872 13.299 13.882 14.621 15.351
02 (OSTWALD} % vol 1.368 1.031 6.508 5.891 3,316
502 1D AVG DRY m 154.616 191.517 819.905 859.5M §84.108
¥ox ID AVG DRY PR 635.339 621.535 589.221 315.515 502,281
€0 {CODEL) AVG DRY 4| 1.3 31.986 18.961 49.026 91.066

AIR & FLUE GAS PROPERTIES

BAROMETRIC PRESSURE abar 846.033 845.905 845.135 844.685 844,560
ANBIENT TENPERATURE C 1.87 17.900 10.245 20.525 20.770
RELATIVE HUWIDITY ) 32.600 JL. M5 25.165 24.590 1.425
DEWPOINT TENPERATURE 'C -31.520 -30.7%0 -30.395 -29.770 -19.280
FD AIR INLET T.(Tdb) C 17,443 33.563 34,366 35.095 35.160
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Table G.5: SPEC GRADE COAL 400 MW TESTS (Thursday, 12tk May 1994)

PARANETER ONITS  400/34.0/09h00 400/30.0/11h1S 400/26.0/13600 400/22.0/14h00 400/18.0/15k00
A/HTR GAS QUTLET AVG C 127.418 129.834 133.536 136.382 138.651
NO-LEAK A/HTR OOTL T. 'C 131.138 134,103 138.439 142,182 144.530
DRY FLUEGAS HEAT LOSS MW 34.884 52.093 32.253 31.686 31.066
1D DISCHARGE TENP AVG  'C 126.775 118.641 121.967 123.554 116.301
OPACITY b 21.338 19.015 19.385 16.962 17.78]
WOISTURE ATMOSPHERIC  kg/s 329 3.138 3,025 1.887 ) Lm
NOISTURE {COAL) kg/s 8.984 §.83 8.945 8.803 §.701
MOISTURE (COMBUSTION)  kg/s 15.486 15.882 15.317 15.532 13.483
MOISTURE (HOPPER) kg/s §.160 4.188 §.151 4.178 4.226
MOISTURE TO FLY-ASH kg/s 3.835 3.708 3 3.751 3.531
NETT NOISTURE kg/s 18.012 18.33 17.583 17.650 11.657
AIR FLOW A.FOIL TOTAL  kg/s 444.760 433.545 416.182 195.329 394.987
AIR FLOV TOTAL kg/s 438.188 446.776 430.701 410.898 395.191
CORE AIR FLOW kg/s 11.930 11.930 11.930 11.930 11.930
SEAL AIR FLOW kg/s 14.628 14.628 14.628 14.628 14.628
AIR HTR LEAKAGE kg/s 18.688 11.653 1.175 15.231 1.1
ESP AIR LEAKAGE ke/s 40.884 38.592 35.290 31,206 18.152
COMBUSTION AIR kg/s 439.600 425.121 407.416 385.667 370,454
THEORETICAL AIR ke/s 359.489 358.608 358.352 356.454 355.485
STOICRION. AIR kg/s 339.489 358.608 338,352 356.434 135,485
FURNACE LEAKAGE kg/s 35.000 35.000 35.000 35.000 35.000
CALCULATED FURNACE 02 % mass 4.119 3.622 1.788 1.754 935
EXCESS AIR kg/s 80.111 66.514 49.075 19.113 14.969
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Table G.5: SPEC GRADE COAL 400 MW TESTS (Thursday, 12th May 1994)

PARAMETER UNITS  400/34.0/09h00 400/30.0/11h15 400/26.0/13h00 400/22.0/14k00 400/18.0/15k00
ECON GAS{DAF) kg/s 509.118 494,994 477.304 435.474 441.104
FURNACE GAS DRY kg/s 474,118 459.994 442.304 420.474 406.104
TOTAL A/HTR GAS{DAF) kg/s 519.06 518.148 502.079 482.205 467.341
1D GAS {DAF) ke/s 570191 356.740 537.369 513.411 495.492
ID GAS (CHEM. ANAL.) kg/s 568.691 355.240 535.869 S11.911 493.992
ID GAS (BALANCE TECH}  kg/s 570.190 356.739 537.369 513.411 495.495

VOLUNETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION

THEORET ICAL €02 kg/100kg 137.015 138.473 137.088 138.228 140.196
BACK-END N2 kg/100kg 375.849 566.378 538.610 521,663 506.739
BACK-END (2 kg/100kg 53.170 4§.933 §1.774 34,342 18.282
BACR-END NOx kg/{00kg 483 .465 418 .360 L
BACK-END 502 ke/100kg 1,223 1.263 1.242 1.258 1,253
BACK-END O kg/100kg 015 022 .019 031 057
BACK-END C02 ke/100kg 135.972 137.319 135.816 136.830 138.691
TOTAL GAS kg/100kg 766.715 154.463 717.880 694.484 675.357

WOLE MASS {mirture}  %J/kmolk 3025.297 3028.258 3035.0%0 3041.019 3048.005

COAL QUANTITY AND QUALITY

COAL VOLUME FLOW 13/h 185.709 189.635 188.769 184.613 130.875
COAL DENSITY TON/a3 3 17 91 933 .908
COAL MASS FLOW ke/s 74,368 13.793 74.855 13.817 73.368
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Table G.5: SPEC GRADE COAL 400 MW TESTS (Thursday, 12th May 1994)

PARAMETER ONITS ~ 400/34.0/05200 400/30.0/11h15 400/26.0/13h00 400/22.0/14h00 400/18.0/15h00

PROXIMATE AND OLTINATE ANALYSIS (AIR DRIED)

INHERENT MOISTURE H 3.760 J.800 3.900 4.000 4.000
ASH b 43.000 41.800 43.000 41.100 38.500
VOLATILE MATTER b 18.300 18.700 17.900 18.800 19.600
FIXED CARBOK(BY DIFF) b 35.000 35.700 35.200 35.100 36.500
CARBON X 40.630 41.410 40.530 41.150 42.300
HYDROGEN b 1.560 1.640 1.510 1.570 1.580
NITROGEN b 940 1.050 840 470 1.060
TOTAL SULPHUR ] 1.250 L340 910 790 .160
CARBONATE { C02 | ] 760 810 530 .690 .800
OXYGEN (BY DIFF) ] 7.120 1.650 1.780 1.830 8.600
GROSS CV Hi/kg 15.280 13.540 13.100 15.400 16,160
SURFACE MOISTURE b 8.680 8.470 8.330 8.210 8.160
INHERENT MOISTURE ] 3.400 3.500 3.600 3.700 3,700
TOTAL MOISTURE b 12.080 11.970 11.930 11.910 11.860

PROXIKATE AND ULTINATE ANALYSIS {AS RECEIVED)

TOTAL MOISTURE X 12.080 11.970 11.950 11,910 11.860
ASH (BY DIFF) ] 39. 164 38.393 35.133 38.636 37154
VOLATILE WATTER b 16.636 {7,039 16.330 17.197 17.939
FIYED CARBON(BY DIFF) ] 32.100 .51 31.368 32.23 33.007
CARBON ] 37,394 1.192 3414 31,715 38.161
HYDROGEN b 2,340 1.380 1.322 1.351 1.356
NITROGEN b 336 938 167 196 970
TOTAL SOLPAUR X .9%4 .190 .82 164 15§
CARBONATE ( €02 ) X .691 139 484 63 NEY)
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Table G.5: SPEC_GRADE COAL 400 MW TESTS (Thursday, 12th May 1994)

PARAMETER UNITS  400/34.0/05h00 400/30.0/11h15 400/26.0/13h00 400,/22.0/14K00 400/18.0/15h00
OXYGEN ] 6.480 6.979 1.106 1.162 1.871

GCVv (AS RECD, BOMB) Mi/kg 13.950 14.220 13.835 1413 14.837

GCVy (DAILY AVERAGE) Ni/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)  MJ/kg 13.202 15.369 15,172 13.310 13.501

HEAT IN VOLATILES X . 22.180 2250 20.1393 22.849 24.762

CARBON IN DOST b .600 .100 .800 .800 1.000

CARBON IN ROUGH ASH b 1.800 1.100 1.400 1.300 1.200

NEAN CARBON IN ASH ] .686 128 843 .929 1.014

MILLING PLANT

NUMBER OF MILLS 1/s $ 4.000 4.000 4,000 4.000 4.000

NILL CONFIGURATION } BCOE BCDE BCDE BCDE BCDE
PF FINENESS (%<75um) ] 76.600 17.250 18.410 76.760 15.700

WORKING FLUID CONDITIONS

REHEATER SPRAY FLOW ke/s 6.772 6.322 6.256 6.160 6.060
FEED FLOW (ORIFICE) kg/s 316.446 317.819 319.556 112341 324.556
TOTAL FEED FLOW ky/s 123.218 414 325.812 328.501 330.616
NAIN STEAN TENP. ' 535,773 535,120 336.3123 536.3125 535.115
REHEAT STEAN TEMP. 'C 532,375 332.100 530.901 525.200 515.275
FINAL FEEDW. TENP. ' 222.430 222.467 222.450 222.450 122.507
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Table G.5: SPEC GRADE COAL 400 MW TESTS (Thursday, 12th May 1994)

PARANETER o

—
g
ca

400/34.0/09h00 400/30.0/11h15 400/26.0/13h00 400/22.0/14h00 400/18.0/15h00

CONDENSER PERFORWANCE

C¥ INLET TEWP.(T1) 'C 13.860 17.930 18.800 19.310 19.541
C¥ QUTLET TEMP.(T2) ' 25.41 30.535 11.161 31,905 32.111
CONDENSATE TENP. " 15.266 19.788 30.910 31.308 31490
BACKPRESS. (AVERAGE) kP2 1.356 343 3.540 3.701 3.162
C¥ PUNPS 1/ (VEST] } 3.000 3.000 3.000 3.000 3.000

ELECTRICAL PARANETERS

UNITS GENERATED Ky 401.460 401.164 401.387 401.456 401.679
UKIT CONSUNPTION 1] 20.818 20.634 20.423 20.339 20. 183
REACTIVE LOAD KVAR 203.670 188.459 175.830 164,300 163.768
VORKS POWER / US0 ' 5.469 5.422 5.361 5.1 5.291

STEP QUTPUT PARAMETERS

EFF. GCVv (BONB) ] 36.690 36.163 36.786 36.481 35,046
EFF. GCVv (DAILY AVE) ] 36.058 36.329 35.854 36.319 36.631
EFF. GCVy(DAILY BIAS) ] 36.371 36,296 J6.314 36.400 35.811
EFF. NCVp (CALCed) ' 33.670 33.553 33.543 33.673 33.54
STEP FACTOR ] 99.062 99.102 99.118 99.218 58.768
TOTAL ACCOUNTED LOSS ' 938 397 882 182 1.232
UNACCOUNTED LOSSES ] 000 .000 -.000 -.000 -.000
STEP LOSSES

CARBON IN REFUSE ' 147 A1 220 A9 A56
DRY FLUE GAS ] .050 -.034 -.066 -.29] -. 183
B2 & FUEL WOISTURE ] -.036 -.029 -.002 -.013 -.005
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Table G.35: SPEC GRADE COAI, 400 MW TESTS (Thursday, 12th May 1994)

PARAMETER UNITS  400/34.0/09h00 400/30.0/11h1S 400/26.0/13h00 400/22.0/14h00 400/18.0/15k00
NAIN STEAN TENP. % -.018 -.0n -.031 -.031 -.018
REHEAT STEAN TEMP. 4 .06] 076 098 135 4T3
CONDENSER BACKPRESS. X -.053 R -.004 009 01
TURB. DETERIORATION 4 894 894 394 894 894
FINAL FEEDWATER TEMP. ] 017 015 016 017 016
WORKS POWER ] -.126 -.194 - 146 -.126 =313
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APPENDIX H: HIGH GRADE COAL TEST DATA

Table H.1: HIGH GRADE COAL 630 MW TESTS

PARAKETER URITS  630/21.0/11h45 630/18.0/13h1S 630/15.0/14k15 630/11.0/15h15 630/08.0/16h15 630/05.0/17h15

FLUE GAS ANALYSIS

02 ECON AVERAGE % vol 3.706 3.5 1.667 1.463 1,905 1.400
0% A/HTR OUTL AVG DRY % vol 5.469 3.084 §.557 3.979 3,345 1.5
02 1D DISCHARGE AVG % vol 5.980 3.530 4.880 4.460 3.970 3.460
02 ECON DRY % vol 3738 341 1.859 1.335 1.872 1.448
02 ID DISCHARGE DRY X vol 5,794 5.419 4.715 4,102 3,458 1.842
02 ID AVG DRY % vol 13.082 13.457 13.961 14.421 13.023 15.960
€02 (THEORETIC NAX) % mass 17,566 17.559 1774 17.669 17,633 1.1
C02 (OSTWALD) DRY % vol 13.994 TR 15.025 15.611 16.194 16.858
02 (0STWALD) % vol 6.848 6.444 3.997 5.471 4.807 1.875
502 10 AVG DRY ppe 375.191 371.519 198.428 414.728 443.948 358.548
NOx ID AVG ORY ppe 801,541 123.323 707.089 666.887 619.534 358.548
€0 (CODEL) AVG DRY ppa 11.672 20.957 16.670 18.726 48.534 126.661

AIR & FLOE GAS PROPERTIES

BAROMETRIC PRESSURE wbar 845.580 844.900 844,560 844.440 844.520 844.700
ANBIENT TEMPERATURE C 15.820 16.895 17.070 17.070 17,150 16.320
RELATIVE HOMIDITY X 44.410 39.015 37,693 37,455 34.410 313.820



Table H.1: HIGH GRADE COAL 630 MW TESTS (Monday, 16th May 1994)

PARAMETER UNITS  630/21.0/11h45 630/18.0/13h1S 630/15.0/14h15 630/11.0/15h15 630/¢8.0/16h15 630/05.0/17h!5
DEWPOINT TENPERATURE C -30.260 ~29.805 -29.590 -29.860 -30.290 -30.040
FD AIR INLET T.(Tdb) ¢ 30.557 31.565 32.000 31,849 31.929 31.099
A/HIR GAS OUTLET AVG C 132.437 133.631 135.7173 138.841 140.757 142.541
NO-LEAK A/HTR OUTL T. ' 143.281 143.892 145.996 148.702 149.415 145.042
DRY FLUEGAS HEAT LOSS MWW 82.556 80.685 19.241 18.57§ 16.611 15.086
1D DISCHARGE TEMP AVG  °C 125.592 128.097 129.448 132.801 133.019 132.982
OPACITY b 30.312 16.838 u.an 11.136 13.181 21,750
MOISTURE ATMOSPHERIC — kg/s 4.526 §.417 4.161 §.104 3.965 3.89
MOISTURE {COAL) kg/s 10.335 10.409 11.109 3.980 11.147 11.347
KOISTURE (COMBUSTION)  ke/s 19.920 19.695 18.69] 19.394 18.376 19.316
WOISTURE (HOPPER) ke/s 4.229 4.162 4.259 4.1 4.265 4.289
KOISTURE TO FLY-ASH ke/s 3.518 3310 3.384 3.300 3,354 3.4
NETT HOISTURE kg/s 35.492 5.4 34.938 34.456 34,399 35.542
AIR FLOY A.FOIL TOTAL  kg/s 618.486 603.629 83.8%7 563.406 545,758 §26.628
AIR FLOW TOTAL kg/s 645.032 630,993 607.274 534,782 364,857 546.644
CORE AIR FLOW keg/s 11.930 11.930 11.930 11.930 11.930 11.930
SEAL AIR FLOW kg/s 18.285 1.183 18.285 18.285 18.185 18.285
AIR HTR LEAKAGE kg/s 69.433 64.529 61.422 35.903 41.33 34.554
ESP AIR LEAKAGE kg/s 39.912 31.921 .64 31.429 18.553 16.363
COMBUSTION AIR kg/s 575.599 566.466 545.851 518.879 517.526 512.090
THEORETICAL AIR kg/s 504.299 505.738 502.855 S01.449 502.900 508.129
STOICHIOM, AIR ke/s 504.299 505.738 502.855 301.449 502.899 308,329
FURNACE LEAKAGE ke/s 35.000 35.000 35.000 35.000 35.000 35.000



Table H.1: HIGH GRADE COAL 630 MW TESTS {Monday, 16th May 1994)

PARANETER UNITS  630/21.0/11h45 630/18.0/13h15 630/15.0/14h15 630/11.0/15h15 630/08.0/16h15 630/05.0/17h1S
CALCULATED FURNACE 02 % mass 1.868 1.482 I.Bi4 1,201 654 A7
EXCESS AIR ka/s 71.300 60.728 41.996 17.430 14.62] 3.761
ECON GAS [DAF) ke/s 661,440 652.219 632.203 615.019 603.269 600.574
FURNACE GAS DRY kg/s 626.440 617.219 587,103 580.019 568.1269 365.514
TOTAL A/HTR GAS(DAF)  kg/s 1234 718.308 695.126 672.423 652.100 636.628
10 GAS (DAF) keg/s 172,286 156.129 119.761 703.851 680,652 £62.992
1D GAS (CHEN. ANAL.}  kg/s 170,786 154.730 118.267 102,351 619.152 661.491
1D GAS (BALANCE TECH}  kg/s 172.287 156.238 119.761 103.853 680.650 662.991

VOLUMETRIC - GRAVIMETRIC BACR-END GAS RECONCILIATION

THEORETICAL C02 kg/100kg 163.230 165.160 163.557 165.457 164.614 163.871
BACK-END N2 kg/100kg 641.348 631.382 603.663 592.415 565.704 331.266
BACK-END 02 kg/100kg 52.405 48.241 40.578 . 116 17.446 11,289
BACK-END NOx kg/100kg .680 604 .363 S0 461 392
BACK-END 502 kg/100kg .680 .61) .678 691 103 .838
BACK-END CO kg/ 100kg 018 .016 020 021 034 476
BACK-END CO1 kg/100kg 162.728 164.766 163.166 164.934 164.010 164.41)
TQTAL GAS kg/100kg 837.859 845.68) 808.667 19271 158.361 718.685

WOLE MASS {mixture)  kJ/knolK 3035.186 3039.670 3045.253 3049.965 3057.130 3070.057

COAL QUANTITY AND QUALITY

COAL VOLUNE FLOW /h 137.981 11.897 329.829 329.05) 1211 335.088
COAL DENSITY TON/a3 .959 .967 .985 97 987 991
COAL NASS FLO¥W ke/s 90.025 89.42) 90.243 88.789 89.753 92.251



Table H.1: HIGH GRADE COAL 630 MW TESTS (Monday, 16th May 1994)

PARAKETER UNITS  630/21.0/11h45 630/18.0/13h15 630/15.0/14h15 630/11.0/15h15 630/08.0/16h15 630/05.0/17h15

PROXIMATE AND ULTIMATE ANALYSTS (AIR DRIED}

[NHERENT MOISTURE ] 6.300 6.400 1.300 5.900 7.100 6.800
ASH ] 31.500 30.400 30.200 30.000 30.200 18.500
VOLATILE MATTER ] 20.600 20.900 20.600 21.1200 20.700 11,600
FIXED CARBON(BY DIFF) ] 41,600 41.300 41.900 42.900 42,000 43.100
CARBON ] 46.910 48.070 41.060 48.270 47.840 48.660
HYDROGEN 1 2,630 1.620 1,460 1.600 1.440 2.500
NITROGEN ] 1.290 1.350 1,320 1.360 1.300 1,320
TOTAL SULPHUR ] 440 .300 380 450 370 420
CARBONATE ( €02 ) ] 1.100 1.580 2,100 1.130 1.540 1.210
OXYGEN (BY DIFF) ] 8.830 9.080 9.180 9.290 9.010 9.390
GROSS CV WJ/ke 17,730 18.210 18.060 18.510 18.160 18.630
SURFACE MOISTURE X 5.510 3.380 3.380 5.660 5.700 3.880
|NHERENT MOISTURE ] 3.970 6.060 6.930 5.580 6.720 6.420
TOTAL KOISTURE ] 11.480 11.640 12.310 11,240 12.420 - 12.300

PROXIMATE AND OLTINATE ANALYSIS (AS RECEIVED)

TOTAL MOISTURE ] 11.480 11.640 12.3i0 11.240 12.420 12.300
ASH (BY DIFF) X - 29.612 19.110 18.432 18.746 28.704 17.356
VOLATILE MATTER ] 19.393 19.659 19.409 19.929 19,435 20.243
FIXED CARBON(BY DIFF) ] 19.513 19.391 39.849 40.083 19,441 40.101
CARBON ] 44.548 43.075 44.637 45.156 44.926 45.269
HYDROGEN X 1.433 14D 1.354 1.417 2.340 1.366
NITROGEN ] 1214 1.270 1,244 1.278 1.221 1.424
TOTAL SULPHUR ] 41 451 .395 A28 484 413



Table H.1:

PARAMETER

CARBONATE { €02 }
OXYGEN

GCVv (AS RECD, BOMB)
GCVv (DAILY AVERAGE)
GCVy (BIAS.DAILY AVE)

NCVp (CALCed, DULONG)

HEAT IN VOLATILES

CARBON IN DUST
CARBON IN ROUGH ASH

MEAN CARBON IN ASH

NILLING PLANT
NUMBER OF MILLS /S
NILL CONFIGURATION

PF FINENESS (%<15pa)

HIGH GRADE COAL 630 MW TESTS

ONITS
b
b
MI/kg
Ni/kg
M/kg

Mi/kg

FORKING FLOID COMDITIONS

REHEATER SPRAY FLOW
FEED FLOW (ORIFICE)
TOTAL FEED FLOW
KAIN STEAN TENP.
REHEAT STEAM TEMP.

FINAL FEEDW. TENP.

kg/s
kg/s
kg/s

C

(Monday, 16t® May 19G64)

630/21.0/11h45 630/18.0/13h15 630/15.0/14h{5 630/11.0/15h{5 630/08.0/16h15 630/05.0/17h15

LN
8.313
16.710
17.192
16.931

17.716

20.023

.400
400

.400

5.000
BCDEF

§3.380

11.469
493.076
504.545
535.080
534.400

244,500

1.486

8.541

17.191

17,191

17.191

17.887

12,110

.300
.400

307

5.000

BCDEF

81.850

9.935
496.569
506.524
534.300
534,357

144,200

1.979

8.649

17.084

17,191

17.138

17.630

.11

300

400

307

5.000

BCDEF

81.250

9.092
499.051
508.143
534.943
SH.114

244.500

1.002

8.7

17.460

17.192

17.326

17.911

12.354

400

.300

407

5.000

BCDEF

83.910

8.989

498.754

507.743

535.500

535.200

244.250

1.446

8.459

17.120

17.192

17.136

11117

12.087

.500
300

486

5.000

BCDEF

83.360

1.248
501.496
508.744
534.950
514.750

244.250

.01

8.800

17.587

17.192

17.389

17.864

11.986

100

100

657

3.000

BCDEF

81.930

1.101
502.726
509.828
334.323
534.100

244.250



Table H.1:  HIGH GRADE COAL 630 MW TESTS (Monday, 16tk May 1994)

PARANETER o

._..
—
[ 71

630/21.0/11h45 630/18.0/13h15 630/15.0/14h15 630/11.0/15h15 630/08.0/16h15 630/05.0/17h15

CONDENSER PERFORNANCE

C¥ INLET TEWP.(T1) ' 15.886 16,610 16.850 16.730 16.790 17.080
CW OUTLET TEMP.(T2) ' 33.939 34,385 34.834 34.660 34.650 34.810
CONDENSATE TEMP. C 37,650 38.397 1.51 38.430 18,376 38.620
BACKPRESS. {AVERAGE) kPa 4.509 4.688 4.4 4.697 4.688 4.753
C¥ PUNPS 1/S (WEST) i 3.000 ] 3.000 3.000 3.000 3,000 3.000
ELECTRICAL PARANETERS

UNITS GENERATED )] 626.387 626.258 626.329 626.43) 626.588 626.791
UNIT CONSUMPTION 1] 24.360 24.176 13.358 13.698 13.300 13,310
REACTIVE LOAD WVAR 248.075 163.121 169.815 178.117 159.179 153.426
WORKS POWER / 0S50 1 4.046 4,013 1.960 AR 1.897 3.863

STEP OUTPUT PARAMETERS

FF. GOy (BOKE) X .00 3.161 39.078 38,884 39,249 31,19
BFE. GCVW (DAILY AVE) % 3.898 9,164 3.89 39.489 39.085 3.052
EFF. GOW(DAILY BIAS) X 39.451 2.165 3.955 39,184 39.167 37,619
BFF. NCVp (CALCed) X 31,146 3.641 31,861 37.905 .92 %.611
STEP FACTOR X 99,891 98.969 59. 161 99,125 5911 39,972
TOTAL ACCOUNTED LOSS % 1.109 1.031 438 115 781 1.028
ONACCOUNTED LOSSES . -.001 000 000 000 000 -.000
STEP LOSSES

CARBON IN REFUSE X 05 003 074 064 032 01
ORY FLUE GAS X 066 005 003 105 109 109



Table H.1: HIGH GRADE COAL 630 MW TESTS (Monday, 16th May 1994)

PARANETER UNITS  630/21.0/11h45 630/18.0/13h13 630/13.0/14h15 630/11.0/15h15 630/08.0/16h15 630/05.0/17h15
H1 & FUEL MOISTURE ] -.033 -.052 -.041 -.030 -.0) -0
MAIN STEAM TEMP. ] -.002 017 .001 -.012 001 A7
REHEAT STEAM TENP. ] 014 011 .007 -.003 .'006 022
CONDENSER BACKPRESS. 4 -.019 -.021 -.022 ~.026 -.030 -.03]
TORB. DETERIORATION ] 894 894 494 A% 894 %4
FINAL FEEDVATER TEMP. ] .009 016 | .008 015 013 016

YORKS POWER % 175 158 .038 119 .006 -.036




Table H.2: HIGH GRADE COAL 550 MW TESTS {Tuesday, 17th May 1994)

PARAMETER UNITS  530/28.0/09h00 530/24.5/10.15 §50/2(.0/1th15 $50/17.0/12h1S §50/13.5/13h30 550/10.0/14h30

FLUE GAS ANALYSIS

02 ECON AVERAGE % vol 4.44) 4,240 4.13 3.198 1.555 1157
02 A/HTR CUTL AVG DRY % vol 6.076 3.635 5.042 4.701 4.017 3.106
02 1D DISCHARGE AVG % vol 6.366 3.985 5.600 4.891 4.261 3.611
02 ECON DRY % vol 4.533 4.114 3.533 3.181 1.638 110
02 1D DISCHARGE DRY % vol 6.546 6.085 3.419 4,995 £ 3.540
C02 ID AVG DRY % vol 12.617 13.055 13.534 13.822 14.461 15.482
C02 (THEORETIC MAX) % mass 17.706 17.767 27.691 17.128 17.707 27.649
02 {OSTWALD) DRY % vol 13.384 13.848 14.412 14.828 15.494 16.182
02 (OSTWALD) % vol 1.471 6.995 6.440 6.150 3.439 4.346
502 ID AVG DRY ppn 392.924 415.793 449,353 475.053 303.343 337.189
Nox ID AVG DRY pon 872.746 §41.487 186.671 128.11 639.066 343.605
€0 (CODEL) AVG DRY I 6.486 13.182 32.761 31.320 107.207 766.942

AIR & FLUE GAS PROPERTIES

BAROMETRIC PRESSURE abar 846.900 846.830 846.350 845.730 845,200 845.030
AMBIENT TEMPERATURE C 10.020 13.870 15.280 16.275 16.670 16.830
RELATIVE HUMIDITY ] 62.930 48.170 42.645 39.415 33,890 35.110
DEWPOINT TENPERATURE ' -30.930 -30.910 -30.300 -30.170 -30.120 -19.860
FD AIR INLET T.(Tdb) ' 15.342 28.409 30.332 31.204 31.661 32.089


http:550/24.5/10.15

Table H.2: HIGH GRADE COAL 550 MW TESTS (Tuesday, 17th May 1994)

PARAMETER ONITS  550/28.0/09h00 550/24.5/10.15 550/21.0/11h15 550/17.0/12h15 550/13.5/13h30 550/10.0/14R30
A/HIR GAS OUTLET AVG 'C 118.551 124.369 127.109 131,546 132.951 134.126
NO-LEAK A/HTR OUTL T. C 121.731 133.979 135.829 140. 440 140.796 139.474
DRY FLUEGAS HEAT LOSS ¥ 68.187 68.620 66,169 67.001 64.616 61.609
ID DISCHARGE TEMP AVG  °C 119.164 121.951 123.520 124.960 126.536 126.390
CPACITY ) 16.95) 24.894 23.514 11.266 21.0%4 20.5M
MOISTURE ATHOSPHERIC  kg/s 4.102 J.986 J.828 3113 1.382 3.440
NOISTURE (COAL) ke/s 9.647 10.234 10.092 10.071 10.040 10.346
NOISTURE (COMBUSTION]  kg/s 16.85) 16.644 16.210 16.052 15.854 16.382
NOISTURE (HOPPER) kg/s 4418 4,384 §.40) §.380 4.416 4.368
MOISTURE TO FLY-ASH kg/s 1.636 1.812 1.726 1,829 1.663 1881
NETT MOISTURE ke/s 32.364 11.436 31.807 3.407 31.228 31.649
AIR FLOW A.FOIL TOTAL  kg/s 367.250 351.584 325.426 509.352 498.314 473.235
AIR FLOW TOTAL kg/s 384.462 367.984 345.351 331716 510.208 489.963
CORE AIR FLOW ke/s 11.930 11,930 11.930 11.930 11.930 11,930
SEAL AIR FLOW kg/s 14.628 14.628 14.628 14.628 14.628 14.628
AIR HTR LEAKAGE ke/s 38.839 35.256 31.068 49.138 41.906 8.7
ESP AIR LEAKAGE kg/s 40.608 38.144 34,621 32.478 19.18 16.348
COMBUSTION AIR kg/s 525.602 312.728 494.28] 482.528 468.301 461.836
THEORETICAL AIR kg/s 442.468 442.819 441774 440.076 440.440 446,399
STOICHION. AIR kg/s 442.469 442,819 417174 440.076 440.440 446.399
FURNACE LEAKAGE kg/s 33.000 35.000 35.000 35.000 35.000 33.000
CALCULATED FURNACE 02 % mass 3,662 3.136 1,439 1.037 1.3 T4
EXCESS AIR kg/s 83.134 69.909 32.509 41.452 17.861 15.437



Table H.2: HIGH GRADE COAL 550 MW TESTS (Tuesday, 17th May 19954)

PARANETER UNITS  550/28.0/09h00 $50/24.5/10.15 550/21.9/11h15 $50/17.0/12R15 §50/13.5/13h30 $50/10.0/14830
ECON GAS(DAF) kg/s 605.565 393.239 574.641 362.668 548.664 544.086
FURNACE GAS DRY kg/s 570. 563 358.1239 539.641 527.668 313.664 509.086
TOTAL A/HTR GAS({DAF) kg/s 665.924 649.993 627.209 613,355 392.070 573.713
1D GAS (DAF) kg/s 106.531 688.139 661.829 645.83] 621,157 600.061
ID CAS (CHEW. ANAL.}  kg/s 705.032 686.639 660.329 644.33] 619.757 398.551
10 CAS {BALANCE TECH)  kg/s 106.335 538.139 661.830 645.83) 621.257 600.062

YOLUNETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION

THEORETICAL €02 kg/100kg 167.832 163,115 165.806 164.814 166.878 165.291
BACK-END X1 kg/100kg 681.843 648.649 629.586 613.738 394.116 543.901
BACK-END 02 kg/100kg 63.173 35.851 4§.138 43,202 35.731 17.111
BACK-END NOx kg/100kg 190 g1 .656 91 501 392
BACK-END S02 kg/100kg 159 164 .800 823 843 Yy
BACK-END CO kg/100kg 003 RIYA] 015 024 078 316
BACK-END €02 kg/100kg 167.464 164.790 165.432 164.421 166. 348 163,741
TOTAL GAS kg/100%g §14.034 870.801 844,658 821.798 797.615 736.603

NOLE MASS (mirture)  kj/kmolK 3030.824 3036.061 J041.182 044,185 051,604 3063.125

COAL QUANTITY AND QUALITY

COAL VOLUME FLOW a3/h 301,716 198.786 300.786 199.29) 293,284 199.857
COAL DENSITY TON/x) 922 952 938 944 .940 978
COAL MASS FLOW ke/s 77.298 79.024 78.355 78.491 77.889 81.46)
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Table H.2: HIGH GRADE COAL 550 MW TESTS (Tuesday, 17th May 1994)

PARAMETER ITS  550/28.0/09h00 550/24.5/10.15 550/21.0/11h15 350/17.0/12h15 550/13.5/13h30 550/10.0/14A30

PROXINATE AND ULTIMATE ANALYSIS (AIR ORIED}

[NHERENT MOISTURE ] 6.400 6.600 6.700 6.700 7.100 6.900
ASH 1 18.000 29.100 18.400 29.400 17.800 28.900
VOLATILE MATTER % 12.000 11.400 11.700 21.600 21.800 21.800
FIXED CARBON(BY DIFF) % 43.600 42.900 43,200 41.300 43,300 41.500
CARBON ) 49.740 48,320 48.630 48.020 49.060 48.120
HYDROGEN % 1,620 1.540 1,490 1.460 1.440 2410
NITROGEN L] [.440 1,490 1,650 1.840 .10 1.440
TOTAL SULPHUR ] 440 .390 890 420 310 440
CARBONATE ( €02 ) b 2.130 1,860 1,860 1130 1.970 2,100
OXYGEN (BY DIFF) % 5.130 9.700 9.380 5.030 9.010 §.799
GROSS CV Wifkg 18.910 18.450 18.670 18.260 18.750 18.520
SURFACE MOISTURE ] 6.470 6.770 6.590 6.540 6.210 6.200
INHERENT NOISTURE ] 6.010 6.180 6.290 6.290 6.680 6.500
TOTAL MOISTURE % 12.480 12.950 12.830 12.830 12.890 12.700

PROXINATE AND ULTIMATE ANALYSIS {AS RECEIVED)

TOTAL MOISTURE % 12.480 12.950 12.880 12.830 12.890 12.700
ASH (BY DIFF) ] 26.972 17119 16.914 17.357 16.570 17.012
VOLATILE MATTER ) 20.486 19.836 0.1 20.093 20.349 10,354
FIXED CARBON(BY DIFF) ] 40.062 40.073 40.032 39.720 40.190 39.933
CARBON % 43.804 45.061 43.231 44,980 43.544 4314
HYDROGEN % 1.380 .33 1.318 1.305 1.29% 1.286
NITROGEN ] 1.341 1,382 1.5% 1.712 1.970 1.778
TOTAL SULPHOR ] 445 Al 653 435 A8 443
CARBONATE ( €02 ) b 1.983 1.726 1.729 1.981 1.839 1.961
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Table H.2: HIGH GRADE COAL 550 MW TESTS {(Tuesday, 17th May 1994)

PARAMETER UNITS  550/28.0/09k00 550/24.5/10.15 §50/21.0/11015 $50/17.0/12h15 550/13.5/13h30 550/10.0/14h30
OXYGEN % 8.595 9,000 3,720 8.400 3.410 8.207
GCVy (AS RECD, BONB)  WJ/kg 17.682 17.196 17.433 17.060 17.619 17.366
GOV (DAILY AVERAGE)  MJ/kg 17.393 17.393 17.393 17.393 17.393 17.393
GCVy (BIAS.DAILY AVE)  KI/kg 17.537 17,29 7.413 17,126 17.506 17.379
NCVp (CALCed, DULONG)  KJ/kg 18.062 17.746 17.809 17,681 17.69 1,707
HEAT IN VOLATILES % 2,371 21.182 22,339 21,159 12,853 22,192
CARBON IN DUST % 300 200 250 300 350 700
CARBON IN ROUGH ASH % 600 900 500 500 700 700
NEAN CARBON IN ASH % A1 150 297 4 375 00

NILLING PLANT

NUMBER OF KILLS 1/$ § 4.000 £.000 4.000 4.000 4.000 4.000
MILL CONFIGURATION H BCDE BCOE BCRE BCDE BCDE BCDE
PF FINENESS (%<75pm) ] 82.260 §2.170 80.200 80.950 §1.840 §1.060

WORKING FLUID CONDITIONS

REHEATER SPRAY FLOW kg/s 9.445 §.463 1.769 6.423 5.896 5.12
FEED FLOW (ORIFICE) ke/s 434,548 437.854 435.15) 439.790 441,199 441.498
TOTAL FEED FLOW kg/s 444,193 446.317 446,911 446.113 448.095 448.120
MAIN STEAM TENP. C 534.600 53391 334,600 334,286 333.814 334,443
REHEAT STEAX TEMP. ' 335.800 334.760 336,917 334.729 332,11 333.585
FINAL FEED¥. TEMP. C 137.850 137.350 137,350 137.350 137.350 137,336
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Table H.2: HIGH GRADE COAL 550 MW TESTS (Tuesday, 17th May 1994)

PARAMETER UNITS  550/28.0/09R00 550/24.5/10.15 550/21.0/11h{S 550/17.0/12h1S §50/13.5/13h30 550/10.0/14h30

CONDENSER PERFORMANCE

CW INLET TEWP.(T1) '€ 11.865 13.994 13.300 16.260 16.380 16,380
CV OUTLET TEWP.(T2) ' 27.984 19.93] 31.181 32,007 31.160 31.9%6
CONDENSATE TENP. 'C 19,395 31.002 2.1 n.m 13.616 33,586
BACKPRESS. {AVERAGE) kPa 1.2m 1.40) 3.687 3814 3.914 4.0%
C¥ BOMPS 1/5 (WEST) } 3.000 3.000 3,000 3.000 3.000 3,000
ELECTRICAL PARANETERS

UKITS GENERATED W 350.160 550.053 550.835 550.800 350.393 350.291
UNIT CONSUNPTION w 12.042 21.936 21.679 11.470 1.1 11.310
REACTIVE LOAD NVAR 304.450 174.730 241.030 154.850 139.824 155.010
FORKS POWER / USO ] 4.174 4.18) 4.097 4.056 4.041 4.029
STEP OUTPUT PARAMETERS

EFF. GCVv (BOMB) ] 33.640 38.861 18.738 39.529 38.549 31392
EFF. GCVv (DAILY AVE) ] 39.282 18.421 38.829 18113 39.050 31.335
EFF. GCVv(DAILY BIAS) b 38.938 18.640 38.78) 9.4 38.798 37,363
EFF. NCVp {CALCed) ] 17.80 37.633 37.922 38.141 38.009 J6.671
STEP FACTOR b 98.877 99.048 99.080 99.170 99.218 99. 209
TOTAL ACCOUNTED LOSS ] 1.123 951 .920 82 .182 191
(UNACCOUNTED LOSSES ] .000 .000 .000 .01 .000 .000
STEP_LQSSES

CARBON IN REFUSE ] A1 A3 156 160 .109 319
DRY FLUE GAS ] A4 075 .092 0% -. 118 =201
H2 & FUEL MOTSTURE ] -.039 -.053 -.0%8 -.035 -.039 -0
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Table H.2: HIGH GRADE COAL 550 MW TESTS (Tuesday, 17th May 1994)

PARAMETER ONITS  550/28.0/09500 550/24.5/10.15 550/21.0/11h45 550/17.0/12h15 $550/13.5/13h30 550/10.0/14h30
HAIN STEAN TEWP. % 010 026 010 018 030 014
REHEAT STEAN TENP. % -.019 006 002 007 053 034
CONDENSER BACKPRESS. % 018 -.016 -.030 -.049 -.035 -.010
TURB. DETERIORATION % 4% 3% 4% 89 494 394
PINAL FEEDWATER TEWP, % 001 0 016 016 015 015
YORKS BOYER % -.07 -.119 -.183 -1 -8 -.205
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Table H.3: HIGH GRADE COAL 500 MW TESTS (Wednesday, 18th May 1994)

PARAMETER ITS ~ 500/32.0/10h00 500/28.0/11h00 500/24.0/13h00 500/19.5/14h00 506/15.0/15h00 500/11.0/16h00

FLUE GAS ANACYSIS

02 ECON AVERAGE % vol £.945 4.59% 3,960 3,460 2.840 2,007
01 A/HTR OOTL AVG DRY % vol 6.681 6.261 5.634 5,044 £.348 3.460
01 1D DISCHARGE AVG % vol 7,030 6.61 5,951 5.382 4638 1.992
01 ECON DRY % vol 5.003 £.609 3.910 3,361 215 2,149
02 1D DISCHARGE DRY % vol 1.201 6,173 6.011 5,357 4.575 3720
002 1D AVG DRY % vol 11.938 12,335 12.808 13,365 11.896 14.848
€02 {THEORETIC MAX) ¥ mass 77,498 27.516 17,451 254 27.366 17,447
C02 (OSTWALD) DRY % vol 12.664 13.073 13.729 14.369 14,993 15.849
01 (0STWALD) % vol 8.043 1.626 7.078 6.519 5.851 4.881
502 1D AVG DRY P Ty 358,020 185.748 418.979 456.577 504,247
NOx 1D AVG DRY opR 860.044 834,161 710.810 725.018 646. 182 532,840
CO (CODEL) AVG DRY  ppa 12,964 15.699 20,214 19.356 £3.34 385,314

AIR & FLUE GAS PROPERTIES

BAROMETRIC PRESSURE abar 847.310 846.905 845.740 845.440 §45.360 845.450
AMBIENT TEMPERATURE C 11.310 14.405 16.700 17.430 17.699 17.350
RELATIVE HUMIDITY X 57.180 44.220 32,193 19.110 18.293 18.485
DEWPOINT TEMPERATURE °C -31.010 -30.350 -30.130 -29.289 -29.560 -29.730
FD AIR INLET T.(Tdb) 'C 27.052 29.387 32.316 32.898 32.926 32.954
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Table H.3: HIGH GRADE COAL 500 MW TESTS (Wednesday, 18th May 1994)

PARAMETER UNITS  500/32.0/10k00 500/28.0/11h00 500/24.0/13h00 500/19.5/14k00 500/15.0/15h00 500/£1.0/16k00
A/HIR GAS OUTLET AVG C 13.172 127.130 130.472 131.683 133.313 134.896
NO-LEAK A/HTR OUTL T. C 133.857 137,612 141.001 141.641 141.489 141.162
DRY FLUEGAS HEAT LOSS MW 68.483 61,657 85,171 63.058 61.033 38.53
1D DISCHARGE TENP AVG s 117,224 119.07 122.430 124.841 125.955 126.716
OPACITY X 11.700 16.631 14.840 13.070 11.624 11.0%
HOISTURE ATMOSPHERIC  kg/s 3,957 3,850 3.670 3.528 33N 3.5
HOISTURE {COAL) kg/s 9.484 9.405 9.121 9.450 9.176 9.428
NOISTURE (COMBUSTION)  kg/s 15.214 15.500 15.886 15.893 15.626 16.405
NOISTURE {HOPPER) ke/s 4.406 4,416 4.461 4.479 4.433 4.439
KOISTURE T0 FLY-ASH kg/s 710 1.663 1,454 1.318 1.580 141
HETT NOISTURE kg/s 30.352 30.308 30.686 30.972 30.128 10035
AIR FLOW A.FOIL TOTAL  kg/s 547,447 329.131 314.389 489.517 467.00) 443.63)
AIR FLOY TOTAL kg/s 363.826 548.371 512739 502.510 480.141 457,778
CORE AIR FLOW kg/s 11,930 11.930 11.930 11.930 11.930 11.930
SEAL AIR FLOW kg/s 14.628 14.628 14.628 14.628 14.628 14.628
AIR HTR LEAKAGE kg/s 63.202 59.9121 37.210 52.192 45.945 35.108
ESP AIR LEAKAGE kg/s 41,102 39.718 35.470 32.319 18.680 15.310
COMBUSTION AIR kg/s 500.624 488.650 465.517 450.218 434.19% 412.674
THEORETICAL AIR kg/s 410.546 411.295 408.994 408,554 407.983 410,345
STOICHIOM. AIR kg/s 410. 546 $11.293 408.9%4 408.554 407.883 410,345
FURNACE LEAKAGE ke/s 35,000 35.000 33.000 35.000 35.000 35.000
CALCULATED FURNACE 01 X mass 4,165 3.663 1.811 1.142 1.403 .675
EXCESS AIR kg/s 90.078 71.355 36.523 41.665 26.313 12.328
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Table H.3: HIGH GRADE COAL 500 MW TESTS (Wednesday, 18th May 1994)

PARANETER UNITS  500/32.0/10h00 500/28.0/11h00 500/24.0/13h00 500/19.5/14h00 S00/15.0/15k00 500/11.0/16k00
ECON GAS(DAF) kg/s 376.488 564.830 540.910 526.090 309.633 499,354
FURNACE GAS DRY kg/s 541.488 329.830 505.910 491.090 474.635 464,354
TOTAL A/HTR GAS(DAF) kg/s 641.190 626.251 599.631 579.881 357.080 535.959
1D GAS (DAF) kg/s 683.292 665.968 635.102 612.200 385.760 561.1268
10 GAS (CHEM. ANAL.) ke/s 681.792 664 .468 633.602 610.700 384.260 §59.769
1D GAS {BALANCE TECH)  kg/s 683.292 665.963 635,102 612.200 385.759 361.266

VOLUMETRIC - GRAVIMETRIC BACK-END GAS RECONCILIATION

THEORETICAL €01 kg/100kg 164.241 164.980 167.971 167.983 165.412 167,331
BACK-END N2 kg/100kg 105.751 686.459 675.388 648.202 615.621 579.410
BACK-END 02 tg/100kg 11.911 65,153 §7.103 48.874 19.519 30.290
BACK-END NOx kg/100kg 303 159 .688 .620 YA A7
BACK-END S02 kg/100kg .688 .696 135 165 189 812
BACK-END CO kg/100kg 011 .022 A1 013 033 105
BACK-END (02 kg/100kg 163,941 164.701 167.647 167.690 165.086 166,213
TOTAL GAS kg/100kg 943.121 918.390 901.678 866,168 821.572 177.476

NOLE KASS (mixture]  kJ/kmolK 3022.393 01.aM 031,690 3038.103 3043.613 3033.581

COAL QUANTITY AND QUALITY

COAL VOLUME FLOW 2)/h 175.298 173.34 172,13 170.028 269.343 170,614
COAL DENSITY TON/n} 947 955 930 942 .953 960
COAL MASS FLOW kg/s 12.450 12.515 70,436 70.679 11.297 12.191
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Table H.3: HIGH GRADE COAL. 500 MW TESTS (Wednesday, 18th May 1994)

PARAMETER ONITS  500/32.0/10R00 500/28.0/11h00 500/24.0/13h00 500/19.5/14700 500/15.0/15h00 500/11.0/16h00

PROXINATE AND ULTIMATE ANALYSIS (AIR DRIED]

INHERENT MOISTURE 1 6.100 5.800 5.900 6. 100 5.700 3.700
ASH ] 30.900 30.300 28.700 17.800 19.900 18.300
VOLATILE MATTER L] 21,500 21.300 21.600 12.100 11.400 21.900
FIXED CARBON(BY DIFF) ! 41.600 42.600 43.800 44.000 43,000 44.100
CARBON ) 48.030 48,550 50.260 50.420 48.880 50.050
HYDROGEN % 1.550 1.600 1149 2.740 1.670 .70
NITROGEN ] 1.360 1.360 1.280 1.370 1.280 1.350
TOTAL SULPHUR ] 340 .360 430 420 1130 700
CARBONATE ( €02 ) b] 2.330 1.930 2.300 2.100 1.970 1.950
OXYGEN (BY DIFF) b 8.290 8.900 8.370 9.050 8.470 5.180
GROSS CV Wi/kg 17.800 18.140 18.780 18.970 18.350 18.820
SURFACE MOISTURE L] 1.410 1.580 7.460 1.710 1.7 1.170
INHERENT MOISTURE ] 5.680 3.380 5.490 5.660 5.299 5.290
TOTAL MOISTURE b 13.090 12.970 12.950 13.370 13.010 13.060

PROXINATE AND ULTINATE ANALYSIS (AS RECEIVED)

TOTAL WOISTURE ] 13.090 12.970 12.950 13.370 13.010 13.060
ASH (BY DIFF) b 18.101 17.815 17,110 16,314 17.814 26.701
YOLATILE WATTER b 19.811 19.593 19.895 10.294 19,836 10.103
FIXED CARBON(BY DIFF) % 38.998 39.612 39,945 40.022 39.520 40.136
CARBON % 44,824 45.026 45.841 45.845 45,144 43.668
HYDROGEN b 1.406 140 1.49) 1.489 1,458 1.50
NITROGEN % 1.151 L1251 1179 1.258 1176 1,138
TOTAL SULPHUR ] 540 .349 498 484 810 .612
CARBONATE ( €02 ) ] .14 L1715 1.118 1.928 1.809 1.790
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Table H.3: HIGH GRADE COAL. 500 MW TESTS (Wednesday, 18th May 1994)

PARAMETER UNITS  500/32.0/10h00 500/28.0/11h00 500/24.0/13h00 500/19.5/14h00 500/15.0/15h00 500/11.0/16h00
OXYGEN ] 7.639 8.187 1,709 §.310 7,780 8.427

GCVv (AS RECD, BOWB) Kifkg 16,475 16.759 17,354 17.501 16,918 17.351

GCVv {DAILY AVERAGE) Mifkg 17.061 17.061 17.061 17.061 17.061 17.061

GCVv (BIAS.DATLY AVE] Wi/kg 16.768 16.910 17.208 17.281 16,994 17.206

NCVp (CALCed, DULONG] Wifkg 17.754 17.852 18.206 18.193 17,952 18.167

HEAT IN VOLATILES 1 19.944 20.044 12.155 12.661 11.041 1770

CARBON IN DUST x 200 100 .200 200 100 .600

CARBON IN ROUGH ASH X .600 1.300 1.000 100 .600 600

HEAN CARBON IN ASH ] 229 .201 WAL .136 229 600

MILLING PLANT

NUMBER OF MILLS 1/3 § 4,000 4.000 4.000 4.000 4.000 4.000

MILL CONFIGURATION H BCDE BCDE BCOE BCDE BCDE BCDE
PF FINENESS (%<75ya) ] 81.760 85.200 85.190 83.820 84.690 85.090

WORKING FLUID CONDITIONS

REHEATER SPRAY FLOW kg/s 8.897 8.013 1.381 7,015 6.066 5.8%0
FEED FLOW (ORIFICE) kg/s 398.495 401.367 403.083 404.717 405.847 408.054
TOTAL FEED FLOW kg/s 407,392 409,379 410.470 411.132 41,913 413.944
NAIN STEAM TEWP. C 537.029 536.400 336.400 337.500 337.500 337.500
REHEAT STEAN TENP. 'C 337.500 531,500 337.029 337.500 336.557 335.700
FINAL FEEDW. TEWP. c 134.000 133.450 133.450 133.450 133.450 133,450

H - 19



Table H.3: HIGH GRADE COAL 500 MW TESTS {(Wednesday, 18P May 1994)

PARAMETER UNITS  500/32.0/10k00 500/28.0/11h00 500/24.0/13h00 500/19.5/14k00 500/15.0/15h00 500/11.0/16h00

CONDENSER PERFORMANCE

CW INET TEWP. (T1) 'C 12.587 14.384 16.380 16.731 16.960 17.080
C¥ OUTLET TEWP.(T2) 'C 17.584 19.44 31.409 31,678 31.904 32.008
CONDENSATE TENP. ' 17.930 30.761 31.763 32.080 KYRRY 32.284
BACKPRESS. (AVERAGE) kPa 1.889 3.1 3.659 3.1 3784 3.814
CW PUMPS 1/5 (WEST) } 3,000 3.000 3.000 3.000 3.000 3.000
ELECTRICAL PARANETERS

UNITS GENERATED L] 505.874 506.139 506.010 506.070 506.070 506.285
UNIT CONSUMPTION L] 11.792 11.614 11.411 11,181 10.993 20.841
REACTIVE LOAD NVAR 125.000 126.817 139.970 120.235 194,183 112.660
WORKS POWER / 050 X 4.502 4.461 4.420 4.368 4,328 4.29)
STEP OUTPUT PARANETERS

EFF. GCVy (BOMB) X 40.356 39.869 39.64) 39.200 40.191 38.753
EFF. GCVy (DAILY AVE) X 39.162 39.16] 40314 40.110 39.87 39.41
EFF. GCVv(DAILY BIAS) X 19.847 3.51 39.981 39.698 40.0M4 39.081
EFF. NCVp (CALCed) X 37.634 37.429 37.789 37.710 37.898 37.015
STEP FACTOR b 98.943 99.063 99. 140 99.206 99.218 99.150
TOTAL ACCOUNTED LOSS X 1.037 .935 .360 94 .182 450
UNACCOUNTED LOSSES ] .000 .000 .000 .000 -.000 001
STEP LOSSES

CARBON IN REFUSE X -.0%9 -.106 -.034 .06) 073 .30
DRY FLUE GAS X A5 181 .156 .095 046 -.093
H1 & FUEL KOISTURE X -.042 -.038 -.034 -.028 -.021 -.020
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Table H.3: HIGH GRADE COAL 500 MW TESTS (Wednesday, 18th May 1994)

PARAMETER UNITS  500/32.0/10100 500/28.0/11h00 S00/24.0/13k00 500/19.5/14h00 500/15.0/15h00 500/11.0/16h00
NAIN STEAN TEMP. ] ~.046 =032 -.032 -.055 -.053 -.035
REHEAT STEAN TENP. ] -.060 -.060 -.049 -.060 -.037 =017
CONDENSER BACKPRESS. ] -.013 -.009 -.016 -.09 -.019 -.019
TURB. DETERIORATION ] A4 894 8% 894 .894 894
FINAL FEEDWATER TEMP. ] -.012 004 003 .003 003 004
WORKS POWER ] .020 .001 -.028 -.100 - 105 - 148
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Table H.4: HIGH GRADE COAL 450 MW TESTS (Thursday, 19tP May 1994)

PARAMETER UNITS ~ 450/33.0/09h45 430/29.0/10h45 450/25.0/11h45 450/20.5/12h45 450/16.5/13h45 450/12.5/15h00

FLUE GAS ANALYSIS

02 ECON AVERAGE % vol 3.354 5.104 4.567 4,024 3.302 1.415
02 A/HTR OUTL AVG DRY ¥ vol 6.963 6.213 3.866 5.1m 4.669 J.644
02 ID DISCHARGE AVG % vol 7.558 6.979 6.426 5.860 5,208 4.313
02 ECON DRY % vol 6. 143 5.004 §.613 3.894 3.1 1.419
02 ID DISCHARGE DRY X vol 7.646 6.761 6.380 5.615 4.965 4.040
CoZ ID AVG DRY % vol 11.854 12.478 12.798 13.441 13.850 14.969
C02 (THEORETIC MAX) % mass 11,633 17.664 17.68) .19 17.761 17.765
€02 (OSTWALD) DRY % vol 12.34) 13.167 13.531 14.260 14.875 15.774
02 {OSTWALD] % vol 8.209 1.554 1.1 6.356 6.140 4,963
502 ID AVG DRY ppR 307.067 144,493 3711746 407.140 434,173 509.317
NOx 1D AVG DRY ppe 820.920 186.738 149.676 101.469 613.096 433.799
€0 (CODEL) AVG DRY ppR 16.740 15.551 19,695 51719 31.341 444,028

AIR & FLUE GAS_PROPERTIES

BAROMETRIC PRESSURE ghar 846.590 846.345 845.875 845.180 B44.6%0 844.470
ANBIENT TEMPERATURE ' 11.980 14,490 15.875 16.760 17.460 17.845
RELATIVE HONIDITY 1 49.790 39.715 34440 19.980 18.365 27,365
DEWPOINT TENPERATURE ¢ -31.300 -31.430 -30.900 -30.980 -30.850 -30.095
FD AIR INLET T.(Tdb) c 17.612 19.830 31.509 31.883 1197 13.102
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Table H.4: HIGH GRADE COAIL 450 MW TESTS (Thursday, 19th May 1994)

PARAMETER UNITS  450/33.0/09h45 450/29.0/10h45 450/25.0/11h45 450/20.5/12h45 450/16.5/13045 450/12.5/15h00
A/HTR GAS OUTLET AVG 'C 123.729 126.606 128.854 130.828 133.311 136.638
NO-LEAK A/HTR OUTL T. 'C 129.075 133.596 136.179 138.451 141,517 143.306
DRY FLUEGAS HEAT LOSS  NW 60.363 38.623 37.944 56.680 35.934 54.339
[D DISCHARGE TEMP AVG  °C 118.524 [18.441 118.357 121.614 122.713 124.607
OPACITY ] 18.067 26.039 13.507 22.097 11,363 20.020
MOISTURE ATHOSP?ERIC kg/s 1,637 3451 J.389 1.6 3.095 1.939
KOISTURE {COAL) ke/s §.206 8.256 1.97 8.105 7.980 8.738
KOISTURE (COMBUSTION)  kg/s 13.912 13.652 13112 13.614 13.231 13.211
MOISTURE (HOPBER] kg/s 4.465 $.473 4.436 4.490 §.473 §.47
NOISTURE TO FLY-ASH kg/s 1.440 1.406 1.576 1.326 1.407 1.388
NETT MOISTURE ke/s 27.860 11.416 26.924 17.100 26,372 26.997
AIR FLOW A.FOIL TOTAL  kg/s 509.664 487,181 467.241 446.476 430.212 405.853
AIR FLOW TOTAL ke/s 520.876 491.303 419.742 457.969 440,594 418.378
CORE AIR FLOY kg/s 11.930 11.930 11.930 11.930 11,930 11.930
SEAL AIR FLOW kg/s 14.628 14.628 14.628 14.628 14.628 14.628
AIR HTR LEAKAGE ke/s 30.863 37.305 38.141 37.453 38.179 15,10
ESP AIR LEAKAGE ke/s 41.168 36.162 34,200 30,340 17.609 24,002
COMBUSTION AIR kg/s 490.013 431.998 441,601 420.516 402,415 189.241
THEORETICAL AIR kg/s 375.6%0 373.301 372.952 372,51 369.831 173.9%8
STOICHIOM. AIR ke/s 175.690 373.301 372.952 372,51 369.881 373.938
FURNACE LEAKAGE ke/s 35.000 35.000 33.000 35.000 35.000 35.000
CALCULATED FURNACE 02 X mass 5.401 4.115 3.599 1.642 1.872 910
EXCESS AIR kg/s - 114,323 80.657 68649 41.9%6 32534 13.303
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Table H.4: HIGH GRADE COAL 450 MW TESTS (Thursday, 19th May 1994)

PARANETER UNITS  450/33.0/09h45 450/29.0/10h45 450/25.0/11h45 450/20.5/12h45 450/16.5/13h4S 450/12.5/15h00
ECON GAS(DAF) kg/s 362.563 326.217 513.941 492.913 474.800 462.440
FURNACE GAS DRY kg/s 327.363 491,117 478,941 437,91 439.800 427.440
TOTAL A/HTR GAS(DAF)  kg/s 394.926 365.113 353.583 531.866 514.479 493.077
10 GAS {DAF) kg/s 636.094 601.184 587.783 562.405 542,088 517.079
10 GAS {CHEM. ANAL.})  kg/s 634.594 399.884 586.28) 560.905 340.588 515.579
1D GAS (BALANCE TECH)  kg/s 636.093 601.384 587.782 562.405 342.089 517.088

VOLUMETRIC ~ GRAVIMETRIC BACK-END GAS RECONCILIATION

THEORETICAL €02 kg/100kg 166.617 166.932 165.005 168.179 166,456 167.194
BACK-END N2 kg/100kg 117,223 684.470 661.048 642.831 619.1269 372,198
BACK-END 02 kg/100kg 17.923 65.549 59.690 51.014 43.311 32.664
BACK-END NOx kg/100kg 785 15 .658 .598 .502 N
BACK-END 502 kg/100kg .627 .669 .696 140 793 824
BACK-END €0 kg/100kg 015 0122 024 041 039 4
BACK-END €02 ke/100kg 166.167 166,390 164.681 167.942 166.205 166.443
TOTAL GAS kg/100kg 962.719 917.815 886.798 863. 166 830.131 172,814

KOLE MASS (mixture)  kJ/kaolK 3022.679 3029.265 3032.944 3040.305 3044.409 J058.795

COAL QUANTITY AND QUALITY

COAL VOLUME FLOW 1)/h 243.902 243,328 140.025 141.6% 240.268 11,004
COAL DENSITY TON/n3 975 .969 994 .970 978 .999
COAL KASS FLOW ke/s 66.071 §5.313 66.281 65.156 65.302 66.910
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Table H.4: HIGH GRADE COAL 450 MW TESTS (Thursday, 19th May 1994)

PARAMETER ITS  450/33.0/09h45 450/29.0/10h45 450/25.0/11hd5 450/20.5/12h45 450/16.5/13h45 450/12.5/15h00

PROXINATE AND ULTINATE ANALYSIS (AIR DRIEO}

INHERENT WOISTURE ] 6.000 6.300 3.800 6.000 3.900 6.400
ASH b} 30.200 30.000 31700 29,200 30.100 29.300
VOLATILE NATTER % 21,500 21,300 20.800 21,200 11,600 21,200
FIXED CARBON{BY DIFF) L] 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 L] 1,350 2.510 2.490 1.510 1440 1.390
NITROGEN ] 1.270 1.200 117 1.190 1.200 1130
TOTAL SULPHUR b} 540 410 380 440 320 .490
CARBONATE { €02 |} ] 1.690 1.050 1.830 1.670 1.250 1.660
OXYGEN (BY DIFF) % §.780 §.420 §.730 9.080 §.780 9.130
GROSS CV Wi/kg 18.170 18.130 17.790 18.600 18.270 18.380
SURFACE MOISTURE ] 6.800 6.700 6.590 6.820 6.690 1.110
INHERENT ¥O15TURE % 3.620 5.900 3.440 5.620 3.330 3.980
TOTAL MOISTURE L] 12.410 12.600 12.030 12,440 12.220 13.090
PROXIMATE AND OLTIMATE AWALYSIS {AS RECEIVED]

TOTAL MOISTURE L] 12.420 12.600 12.030 12.440 12.220 13.090
ASH (BY DIFF) % 28.412 28.279 19.312 17.844 28.245 17.36)
VOLATILE MATTER % 19.931 19.783 19.330 19.668 20.070 19.597
FIXED CARBON(BY DIFF) % 3.1 39.337 39.197 40.048 39.465 39.750
CARBON b 43.473 45.558 43.01 45.899 45,428 45,630
HYDROGEN % 2.336 1318 .31 1.3 1.286 1.257
NITROGEN ] [.178 L1113 1.088 1.104 1115 1.045
TOTAL SULPHUR b 466 405 392 A19 457 A4
CARBONATE ( C02 ) b 1.568 1.904 1.702 1.549 1.091 1.5
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Table H.4:

PARANETER

OXYGEN

GCVY (AS RECD, BOMB)
GCVY (DAILY AVERAGE)
GCVv (BIAS.DAILY AVE)

NCVp (CALCed, DULOKG)

HEAT IN VOLATILES

CARBON TN DUST
CARBON IN ROUGH ASH

MEAN CARBON IN ASH

NILLING PLANT
NUMBER OF MILLS 1/S
MILL CONFIGURATION

PF FINENESS (%<75um)

HIGH GRADE COAL 450 MW TESTS

UNITS
b
Wilkg
Mi/kg
Kifkg

Mikg

t
$

]

WORKING FLUID CONDITIONS

REHEATER SPRAY FLOV
FEED FLOW (ORIFICE)
TOTAL FEED FLOV
MAIN STEAM TEMP.
REHEAT STEAM TEMP.

FINAL FEED¥. TEMP.

kg/s
ke/s
kg/s
C
T

C

(Thursday, 19th May 1994)

450/33.0/09h45 450/29.0/10h45 450/25.0/11h45 450/20.5/12h45 450/16.5/13h45 450/12.5/15h00

8.147

16.929

16.981

16.955

17.893

11.654

400

A1

4.000

BCOE

87.130

.000

8.063

151.83]

339.918

537.800

337.500

228.150

7.820

16.911

16.981

16.946

17.894

21.330

400
1.100

450

4,000

BCDE

83.400

.000
7,540
154,868
362.408
337.800
337.456

127,850
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8.122

16.611

16.981

16,797

17.716

20,003

.200
.600

129

4.000

BCDE

86.020

.000
6.981
159.254
366.235
337.800
337,500

121530

8.424

17,326

16.981

17.154

18.018

2.825

.100
.500

129

4.000

BCOE

86.340

.000
5.929
359.881
363.810
337.800
336.400

227.530

8.158

17.04

16.981

17,012

17.824

11,686

.100
L1700

43

4.000

BCDE

86.970

.000
3.131
360.412
366.149
537.800
338.774

117.350

8.440

17.066

16.981

17.024

17.836

1.1

.200

.400

L2114

4.000

BCDE

83.870

.000

5.451

365.730

LM

337.800

530.700

117.530



Table H.4: HIGH GRADE COAL 450 MW TESTS (Thursday, 19th May 1994)

PARANETER 1.

—_
—
L]

450/33.0/09k45 450/29.0/10043 450/25.0/11h45 450/20.5/12045 450/16.5/13h45 450/12.5/15R00

CONDENSER PERFORMANCE

C¥ INLET TEWP.(T1) ' 12.790 14.502 15.708 16.359 16.599 17.110
CW OUTLET TEMP.{T2) ' 16.306 17.9M 19.1266 19.804 30.020 30.54
CONDENSATE TEWP. 'C 16.311 11.51 19.085 19,316 3.2 30.287
BACKPRESS. (AVERAGE) kP2 1.539 1.878 3125 1. 3.294 3411
CW PUPS 1/5 (VEST) } 3.000 3.000 3.000 3,000 3.000 3.000

ELECTRICAL PARAKETERS

{NITS GENERATED ¥ 449.235 449.070 449.058 449.573 449.418 448.426
UNIT CONSUMPTION i ] 11.144 21.090 20.889 10.748 20.510 20.330
REACTIVE LOAD VAR 180.030 174.533 172.134 185.563 188.770 180. 182
FORKS POWER / USO X 4.939 4.98 4,878 4.838 4,782 4.749

STEP_OUTPUT PARANETERS

EFF. GCVv (BOMB) X 38.213 18.624 \ 13.985 31.987 18.539 37.490
EFF. GCVv (DAILY AVE] X 18.155 38.464 38.043 38.751 38.678 37.67
EFF. GCVv(DAILY BIAS) X 18.214 38.544 18.459 38.368 38.608 31,383
EFF. NCVp (CALCed) X 36.207 36.303 36.464 36.527 36.849 35.9M
STEP FACTOR X 98,112 98.83 98.934 99.113 99.218 98.976
TOTAL ACCOUNTED LOSS X 1M 1.166 1.066 387 182 1.024
UNACCOUNTED LOSSES X .001 .000 .000 -.000 -.000 -.000
STEP LOSSES

CARBON IN REFUSE X .103 .092 -.050 -.089 -.061 .185
DRY FLUE GAS X 45 Iy} 135 154 101 012
H1 & FUEL MOISTURE X -.059 -.042 -.032 =04 -005 -.006
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Table H.4: HIGH GRADE COAL 450 MW TESTS (Thursday, 19th May 1994)

PARANETER ONITS  450/33.0/09h45 450/29.0/10h45 450/25.0/11h45 450/20.5/12045 450/16.5/13h45 450/12.5/15h00
MAIN STEAN TEWP. % -.061 -.061 -.061 -.061 -.061 -.061
REHEAT STEAM TENP. % -.060 -.059 -.060 -.034 -.091 .103
CONDENSER BACKPRESS. % -.020 -.01 -.015 -.021 -.019 -0
TURB. DETERIQRATION % 894 L8 494 3% .94 394
FINAL FEEDWATER TENP. b -.008 .001 .010 012 011 ,008
HORKS POWER b .14) 118 145 055 023 -.096
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Table H.5:  HIGH GRADE COAL 400 MW TESTS (Friday, 20th May 1994)

PARANETER UNITS  400/37.0/00100 400/32.5/00R30 400/27.5/01h435 400/23.5/02k35 400/18.0/03n45 400/14.0/05k00

FLUE GAS ANALYSIS

02 ECON AVERAGE % vol 3.500 3.464 3.048 4.587 3.838 3,261
02 A/HTR OUTL AVG DRY X vol 6.64] 6.374 3.804 5.281 §.631 3.807
02 1D DISCHARGE AVG % vol 1.415 1112 6.585 6.100 5.436 4.861
02 ECON DRY % vol 3.361 4.975 4.358 3791 3.169 1.565
021D DISCHARGE DRY % vol 1,387 1.013 6,381 3.746 4.986 4177
02 ID AVG DRY % vol 11.957 12,149 12.664 13.153 13.741 14.553
C02 (THEORETIC MAX) % mass 17.613 17.608 17.619 17,725 17139 17.698
C02 (OSTWALD} DRY % vol 12.564 12.888 13.486 14.123 14.833 13.821
02 (OSTWALD) % vol 8.086 | 1.875 1.319 6.862 6.240 5,355
502 ID AVG DRY ppa 341.35) 37.7133 410.941 $43.314 4§1.8351 504.939
Nox ID AVG DRY ppa 182,577 155.646 104,374 641.851 354.412 472,904
CO (CODEL) AVG DRY ppa 12.947 3.376 11,395 9.127 18.548 171,251

AIR & FLUE GAS PROPERTIES

BAROMETRIC PRESSURE abar 845.483 845,120 845,030 844.915 844,990 845.160
AMBIENT TENPERATURE C 8.310 1.395 7.040 6.650 6.520 6.015
RELATIVE HUMIDITY ] 51,220 35.125 35.615 57.070 56.950 60.903
DEWPOINT TEMPERATURE ' 31310 -31.815 -31.940 -31.880 -31.830 -31.950
FD AIR INLET T.(Tdb) ' 18.406 7.1 17.2%5 17.096 15,957 15.132
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Table H.5: HIGH GRADE COAL 400 MW TESTS (Friday, 20t® May 1994)

PARSMETER UNITS ~ 400/37.0/00h00 400/32.5/00hS0 400/27.5/01h45 400/23.5/02h35 400/18.0/03h45 400/14.0/05h00
A/HTR GAS QUTLET AVG C 121.939 121,367 122.933 126. 141 126.887 126.1125
NG-LEAK A/HTR OUTL T. 'C 129.915 - 130.194 131.6) {35,111 133.501 133.078
DRY FLUEGAS HEAT LOSS MW 33.775 3.n 52.110 32.289 it 48.271
ID DISCHARGE TEMP AVG 'C 122,926 120.439 118.984 119,244 120,900 121,038
OPACITY ] 16.459 14.879 11.939 12.24) 19.940 19.529
MOISTURE ATMOSPHERIC  kg/s 1.126 3147 3.022 2,907 1.781 1,651
NOISTURE (COAL} kg/s 1.538 1.415 7.491 1.581 1.551 1.545
HOISTURE (COMBUSTICN)  kg/s 12.870 11.362 12.367 12.144 11.871 12.087
NOISTURE (HOPPER) kg/s 4.541 4.511 4,536 4.530 .54 4,543
MOISTURE TO FLY-ASH ke/s 1.091 1.226 L1 1,143 1.125 1.085
NETT MOISTURE ke/s 26,102 15.211 25.300 25.020 24,619 1741
AIR FLOW A.FOIL TOTAL  kg/s 454.599 443,480 417.14) 412,320 193,375 372.440
AIR FLOV TOTAL kg/s 439.3%3 448,126 430.201 413.784 193,724 177.165
CORE AIR- FLOW xg/s 11.930 11.930 11.930 11.930 11.930 11.930
SEAL AIR FLOV kg/s 10.971 10.971 10.971 10.971 10.971 10.971
AIR HTR LEAKAGE kg/s 40.979 41.731 41,025 39.51 36.062 18.395
ESP AIR LEAKAGE ke/s 40.977 18.563 34,885 3.3% 11.876 24.105
CCHBUSTION AR kg/s 418.374 405.393 389.202 374,211 359.661 348,770
THEORETICAL AR ke/s 340.125) 338,215 337679 336.191 352N 136.443
STOICHION. AIR kg/s 340.153 338,215 337.679 336.191 35.1M 336.448
FURNACE LEAKAGE kg/s 35.000 35.000 35.000 35.000 35.000 35.000
CALCULATED FURNACE 02 X mass £33 3.836 3,065 1.351 1.370 418
EXCESS AIR kg/s 78121 67.168 51,523 38.021 14,385 12,312
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Table H.5: HIGH GRADE COAL 400 MW TESTS (Friday, 20tk May 1994)

PARANETER UKITS  400/37.0/00h00 400/31.5/00h50 400/27.5/01h45 400/23.5/02h35 400/18.0/03h45 400/14.0/05h00
ECON GAS(DAF) kg/s 487.178 473.786 457.58) 443.020 428.435 417.754
FURNACE GAS DRY ke/s 451.278 418.786 422.38) 408.020 393.435 182,754
TOTAL A/HTR GAS(DAF) ke/s 329.757 318.018 300.108 484,091 465.997 447.648
1D GAS [DAF) ke/s 570.734 356.583 334,992 315.685 493.873 471.754
ID GAS (CHEM. ANAL.) kg/s 569.234 355.083 333.492 314,185 492.313 470,254
1D GAS {BALANCE TECH]  kg/s 570.732 356,382 334.991 315,684 493.874 471.752

VOLUMETRIC - GRAVIMETRIC BACK-END GAS RECOKCILIATION

THEORETICAL C02 kg/100kg 168. 240 166,381 168.044 166.693 167.046 168.353
BACK-END K2 ‘kg/100kg 720,224 103.523 681.954 652.031 626.026 395.070
BACK-END 02 kg/100kg 15.450 89.922 b1.487 32.838 43,930 34,551
BACK-END NOx kg/100kg 150 .03 .b36 553 458 R
BACK-END 502 kg/100kg 693 A3 193 816 830 346
BACK-END €0 k/ 100k 012 003 010 007 022 .100
BACK-END €02 kg/100kg 161.978 166.360 167.821 166.338 166.523 167.561
TOTAL GAS kg/100kg 965. 111 941.248 512.706 872.604 837.809 798.399

WOLE WASS (mixture]  kJ/kmolK 3023.404 3023.115 3030.935 3036.337 3042.8517 3032.465

COAL QUANTITY AND QUALITY

COAL VOLUME FLOW 83/h 219.408 121.842 221.018 111.354 123.031 123.011
COAL DENSITY TON/n3 970 .960 .955 957 .931 .954
COAL KASS FLOW kg/s 59.136 39.132 38.616 39.097 38.948 39.072
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Table H.S5: HIGH GRADE COAL 400 MW TESTS (Friday, 20t May 1994)

PARAWETER UNITS ~ 400/37.0/00h00 400/32.5/00hS0 400/27.5/01h43 400/23.5/02h35 400/18.0/03h45 400/14.0/05h00

PROXINATE AND ULTIMATE ANALYSTS (AIR DRIED)

INHERENT MOISTURE ) 6.200 5.800 6.200 6.000 6.400 6.300
ASH ) 19.000 30.960 19.600 13.800 29.500 18.900
VOLATILE MATTER ) 11,600 11.000 11,300 21.500 11.500 21.900
FIXED CARBON(BY DIFF) 5 43.200 42.300 42.900 42,700 42,600 42.900
CARBON H 49,810 48.900 49.700 49.030 49.030 46.8120
HYDROGEN ] 1.630 2.530 2.350 1.490 .43 1.470
NITROGEN - ) 1.210 1.180 1.190 1,180 1.180 1.170
TOTAL SULPHUR ) 340 A10 430 A0 520 S10
CARBONATE { C02 ) ] 1.650 .17 1.030 1,280 1.3 .42
OXYGEN (BY DIFF) ) 8.960 8.110 §.300 8.740 8.610 8.410
GROSS CV Mifkg 18.530 18.150 18.470 18.320 18.270 18.400
SURFACE MOISTURE 5 6.980 7.130 6.990 7.130 6.830 6.830
INHERENT MOISTURE b 3.800 5.410 3.790 5.600 5.990 3.900
TOTAL NOISTURE ) 12.780 12.540 12.780 12.830 12.820 1.m
PROXINATE AND OLTIMATE ANALYSIS (AS RECEIVED)

TOTAL MOISTURE ) 12.780 12.540 12.780 12.830 12.820 1,773
ASH (BY DIFF) ] 17.506 18.655 11.916 17.648 17.596 17.389
VOLATILE MATTER b 19.999 19.417 19.720 19.853 19.938 20.300
FIXED CARBON(BY DIFF) 5 39.715 39,1388 19.574 39.668 39.646 39.538
CARBON ] 45.915 45.463 45.862 45.493 45.590 45.946
HYDROGEN 5 1.382 1.34 1.345 1.34 1.292 1.310
NITROGEN ) 1.120 1.091 1.102 1.080 1.094 1.085
TOTAL SULPHUR ] AT] A1l AU 438 463 459
CARBONATE [ €02 ) 5 1.528 1.006 1.879 1115 1.161 1.24]
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Table H.5:  HIGH GRADE COAL 400 MW TESTS (Friday, 20th May 1994)

PARANETER UNITS  400/37.0/00A00 400/32.5/00h50 400/27,5/01h45 400/23.5/02435 400/18.0/03h45 400/14.0/05400
OXYGEN ) 8.296 1.498 7.684 8.071 1,984 1.1%
GCVv (AS RECD, BOMB) KJ/kg 17.230 16.851 17174 16.989 1.007 17.129
GCVv (DAILY AVERAGE) Wi/kg 17.065 17,065 17.065 17.065 £7.065 17.065
GCy (BIAS.DAILY AVE)  WJ/kg 17.148 16.958 17110 17.017 17.041 17.0%7
NCVp (CALCed, DULONG) WI/kg 18.096 17.88) 18.027 17.866 17.873 18.017
HEAT IN VOLATILES b) 12,067 20.950 12.070 11032 11.206 11.935
CARBON 1N DUST 1 100 100 100 300 400 460
CARBOX IN ROUGH ASH ] 1.500 £.000 900 1.000 900
MEAN CARDBON IN ASH 1 201 163 158 218 443 436

NILLING PLANT

NUMBER OF ¥ILLS /8 } 3,000 3.000 J.000 3.000 3.000 3.000
NILL CONFIGURATION } BCD BCD BCD BCD BCD BCD
PF FINENESS (%<7Sya) 1 19.970 15.570 81,590 81,260 80.230 83.350

WORKING FLUID CONDITIONS

REHEATER SPRAY FLOW kg/s 6.421 6.454 6.373 6.380 6.332 6.389
FEED FLOW (ORIFICE) kg/s 323.823 312,931 320,359 IN.278 326.079 324,495
TOTAL FEED FLOY kg/s 330,244 329.385 326,132 327.658 33440 130.884
KAIN STEAN TEWP. ' 538,324 538.400 538.400 531.1 §37.800 §38.139
REHEAT STEAW TEWP. ¢ 535.000 §33.576 531.800 528.881 §21.088 515,135
FINAL FEEDW. TEMP. C 122.050 122.040 222,050 222.050 122.275 222.008
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Table H.5: HIGH GRADE COAL 400 MW TESTS (Friday, 20th May 1994)

PARANETER UNITS  400/37.0/00h00 400/32.5/00nS0 400/27.5/01h45 400/23.5/02h35 400/18.0/03h4S 400/14.,0/05200

CONDENSER PERFORMANCE

C¥ INLET TENP.(T!) C 13.085 12.397 12.509 11.969 11.158 10.375
C¥ OUTLET TENP.(12) ' 15.107 214,380 24.482 24.00) 13.264 .43
CONDENSATE TEWP. 'C 15.150 14.366 1.420 24,09 13.M46 11.613
BACKPRESS. (AVERAGE) kPa 1197 1.1m 1,204 1.112 1.9%0 1.868
C¥ PUWPS 1/ (VEST) } 3.000 3.000 3.000 3.000 3.000 3.000
ELECTRICAL PARAMETERS

UNITS GENERATED k¥ 399.564 401,843 401.84) 400.286 400.188 400.152
UNIT CONSUMPTION 1] 17.540 11.532 17.438 17.280 17.164 17.086
REACTIVE LOAD WVAR 212.530 215.400 124.359 134.196 134.196 129.895
FORKS POWER / USO 1 4.591 4.562 4.536 4.512 4.43] 4.460
STEP QUTPUT PARANETERS

EFF. GCVv (BOMB) H 37.49] 38.568 38.185 38.148 38.183 37,838
EFF. GCVv (DAILY AVE) X 37.853 38.085 38.430 37.978 18.076 38.000
EFF. GCVv(DAILY BIAS] X 37.613 38.3125 38.307 38.06] 38.129 31,929
EFF. NCVp {CALCed] X 35.699 36.343 J6.378 36.275 36.353 35.991
STEP FACTOR X 99.007 99.094 99.1200 39.111 99.193 95.005
TOTAL ACCOUNTED LOSS X .99] .906 .800 182 807 .995
GNACCOUNTED LOSSES X .000 .000 .000 .001 .001 .000
STEP LOSSES

CARBON IN REFUSE X 131 .043 043 07 178 L350
DRY FLUE GAS X 381 4 1 178 -.01 - 115
H2 & FUEL WOISTURE ] -.032 -.025 -.023 =015 -.021 -.020
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Table H.S5:  HIGH GRADE COAL 400 MW TESTS (Friday, 20*h May 1994)

PARANETER UNITS  400/37.0/00h00 400/32.5/00hS0 400/27.5/01h45 400/23,5/03h35 400/18.0/03h45 400/14.0/05k00
NAIN STEAM TEWP. 1 -0 -0 =072 ' ‘-.061 -.061 =068
REHEAT STEAM TENP. 1 000 04 07 A4 334 AN
CONDENSER BACKPRESS. = X -0 -.039 -.036 -, 046 -0 -.094
TURB. DETERIORATION ] - 1L 894 A4 894 394 894
FINAL FEEDWATER TENP. 1 0 B IkX] 032 027 018 028
FORKS POWER LS -.299 - 308 -4 - 413 -.43] -.457
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APPENDIX I: STEP PROGRAM CUSTOMISATION

I.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 1is 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.

I.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.



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 1is 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



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:

I1.2.2.1 Immediate intervention by the operator, control system and
other automatic responses to ensure:

- Combustion air flow képt at optimum (affects Flue Gas, Carbon in
Ash and Works Power Losses).

- Batching of coal qualities, 1i.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).



- 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).

- DPossible 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 fiuid 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/IP 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:



- 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.

- Optimising 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.



- 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.

I1.2.3 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.



- 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, Ccv, 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



o&erall 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 1ts 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 I.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.

I.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 wunder 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 1implies 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 I2R 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 1is 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 @ maximum 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 1is directly related to a STEP
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loss percentage by means of a polynomial eguation.

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 ) / (100 - Carbon in Ash ) x

CV of Carbon/ CV of Coal.

Target = f(Load) from polynomial x Ash / Ashstda X CVsta / 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 ¢p Xx (Gas Outlet T - Air Inlet T) x 100 / (CV of

Coal x 1000), where:

dfg = dfc/100 x ((Carbontota1 = cu) + Sulphur/1.83)
dfc = (11 x CO2 + 8 x 02 + 7 x (100 - (024C02))) / (3 x COz2)
Cu = Ash Xx 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 FD Fan Air Inlet Temperature

CO2 = Mean Air heater Outlet COz %

02 = Mean Air heater Gas Outlet 02 %

Carbontotal = Total Carbon % in Coal

Sulphur = Sulphur % in Coal

Target = f(Load) from polynomial x (Carbontotair - cu +
Sulphur/1.83) /(Std Carbontotar - tcu + Sulphurste/1.83) x
CVsta/CV of Coal, where:

tcu = (Target Carbon in Ash Loss x CVsta/(Ash / Ashsta X CVsta
/ CV of Coal x CV of Carbon)

Std Carbontota1 = total Carbon % in Standard Fuel

Sulphurstea = Sulphur % in Standard Fuel

CVsta = CV of Standard Fuel

Radiation Loss = Radiation Loss Constant / (Load x f{load) from

polynomial)
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Step Factor Hz And Fuel Moisture Loss = Actual - Target Hz and Fuel

Moisture Loss

Actual = ((Total Moisture + (9 x Hz2)) / CV of Coal) x (Hz Loss
constant A +(((Gas Outlet T/2)-(Air Inlet T)/Hz Loss constant
B)), where:

Total Moisture = Total Moisture % in Coal

H2 = Hydrogen % in Coal

H2 = A[KHl + 100 / (100 - Total Moisture) x [(KH2 x CV of Coal)
+ (KH3 x Volatiles) + (KH4 x Ash)]] x 1/(100 / (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 - (Moiststa + 9 x Std H2)/CVsta)

Moiststa = Moisture % in Standard Fuel

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 USO - WP Target % of USO

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)) / (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) / (1- Make-Up Heat Ratio x Make-Up %

of water Evaporated @ MCR x f{load) from polynomial)}

1.4.3 Unaccounted STEP loss:

Unaccounted STEP loss = 100 % - STEP factor (direct) - Total accounted

losses
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1.4.4 STEP factor (indirect):

STEP factor (indirect) = 100% - Total accounted losses

I.5 STEP SYSTEM SHORTCOMINGS

I.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 more 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.

I.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
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implement on-line coal and ash analysers.

I1.5.3 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
nust 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.

I.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 Dfg 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.
1.6.2 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 totél 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)

Alr heater Outlet O2

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 CVecarbon)/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)/(100-Target C in Ash) X CVecarbon/CV X
Volatiles adjustment factor x Volatiles Weighting Factor, where:

Target C in Ash = f(Load) from a polynomial

f(volatiles) from a polynomial

Volatiles adjustment factor

1.1

Volatiles Weighting Factor
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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/100)+7.936 x H2- 0Oz coal+0.998 x S))/100 x (1 + 02 econ Xx
3199.9/3050 / (23.15- 02 econ X 3199.9/3050)) + ((Ctota1 — Ash x
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

{(Tno-1eax A/HTR outlet - Trpinlet) / (CV x 1000) x 100

Tno-1eax A/HTR outlet = (3199.9/3050 x (02 A/HTR - 02 econ)
/(23.15 - 3199.9/3050 x O2 A/HTR)) X ((Ta/HTR outiet — TFbDinlet)

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 Xx (Ctotar - Ash x Target C in
Ash/100) + 7.936 x H2 -~ O2 coal + 0.998 x S))/100 x (1 + Target
0z econ x Target Oz adjustment factor x 3199.9/3050 / (23.15-
Target Oz econ Xx Target Oz adjustment factor x 3199.9/3050)) +
({( Ctotar - Ash x Target C in Ash/100 - (CO(ppm)/10000 x
28.01/30.5 x 56.021/24.022 x Ctota1 Xx 87.998/56.021)) + S + N2
+ Carbonates)/100) x 0.9902 x (Target Tano-1eax A/HTR outlet -

Trpinlet )/(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 Tno-1eak A/HTR outlet = f(Load) from a polynomial

Target 02 adjustment factor = (1 - weighting factor x (1 -
Volatilessta / Volatiles)) x (1 - weighting factor x (1 - Std
Ctotai/))

Volatiles weighting factor = 1.5

Carbon weighting factor = 1

Target H2 and Fuel Moisture Loss: The previous formula was replaced
by: {(moisture + 9 x Hz) / CV x (Hz loss constant A + (Target

Tout/2 - Trpiniet) / 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 - CVsta/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
Boiler 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 wunits,
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 wunit STEP factors exceeding 100 %.

Radiation Correction factor (new item):

(100 + Radiation loss %) / (100 + Spec. radiation loss % @ 90 %

load)

Spec. Radiation Loss @ 90% load = 0.841

Boiler Load Correction Factor = f(lLoad) from a polynomial

Boiler Fuel Correction Factor: The previous formula was replaced by:
(1 - weighting factor x (1 - CVetda/CV)) x (1 - weighting factor x
(1 - Volatilessta/Volatiles)) x HIV cf
CvV 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
Wworks Power Correction Factor: The previous formula was replaced by:
{100 + WP target)/{(100 + WPsta loss @ 90 % load)

WPsta 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 I1.2.3).

- Due to the interrelated nature of the losses it 1is 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
tealistic 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 Carbontota1 : H2z or Carbonrix : Volatilestota1 important?
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The conclusion was that for Lethabo coal, Carbonrix : 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 MILI. 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




DATE: 13/04/94 MILL: U1l A
GENERATOR LOAD 617 MW
DE NDE
PA FLOW 27.890 27.890|Kg/sec
FEEDER SPEED 35.660 35.680|%
CLASSIFIER OUTLET TEMP 79.750 79.750|°C
BYPASS DAMPER POS 21.290 21.300{%
SAMPLE MOISTURE 4.000 3.590|%
SAMPLE WEIGHT 527.390 758.910] gr
DE +300pum | +150pm | +105pum | +7Spum | -75 um | SAMPLE
RETAIN GRAMS 0.02 0.51 1.34 3.59 40.03 45.49
RETAINED % 0.044 1.121 2.946 7.892 87.997
PASSING % 99.956 98.835 95.889 87.997
NDE +300wm | +150 um | +105pum | +75pum | -75um | SAMPLE
RETAIN GRAMS 0.42 2.23 3.13 5.57 43.11 54.46
RETAINED % 0.771 4.095 5.747 10.228 79.159
PASSING % 99.229 95.134 89.387 79.159
+300 pn | +150pm | +10Spm | +75 pm
DE PASSING % 99.956 98.835 95.889 87.997
NDE PASSING % 99.229 95.134 89.387 79.159
TARGET 99 90.5 81.5 70
U1 A-MILL
105.000
100.000 Axgerre
95.000
90.000
85.000 —e— DE PASSING %
80.000 —E—NDE PASSING %
75.000 —&—TARGET
70.000
65.000
60.000 :
55.000
+ 300 pm +150 pm + 105 ym + 75 pm




LSt UPREAIRFLOW MILL TEST SHEET 0o 0

DATE: 13/04 /94 MILL: U1 B
GENERATOR LOAD 618 MW
DE NDE
PA FLOW 27.930 27.930|Kg/sec
FEEDER SPEED 36.420 36.400{%
CLASSIFIER OUTLET TEMP 81.700 82.230|°C
BYPASS DAMPER POS 20.810 20.750]|%
SAMPLE MOISTURE 3.560 2.890|%
SAMPLE WEIGHT 809.930 752.720] gr
DE +300pm | +1S0pm | +105um | +75um | -75um | SAMPLE
RETAIN GRAMS 0.04 2.44 3.81 6.65 46.76 59.70
RETAINED % 0.067 4.087 6.382 11.139 78.325
PASSING % 99.933 95.846 89.464 78.325
NDE +300pm | +150 pun | +105um | +75m | -75 um | SAMPLE
RETAIN GRAMS 0.12 1.29 2.6 5.62 45.86 55.49
RETAINED % 0.216 2.325 4.686 10.128 82.646
PASSING % 99.784 97.459 92.773 82.646
+300 pun | 150 pm | + 105 pum | + 75 pm
DE PASSING % 99.933 95.846 89.464 78.325
NDE PASSING % 99.784 97.459 92.773 82.646
TARGET 99 90.5 815 70
U1 B-MILL
105.000
100.000
95.000
90.000
85.000 —&— DE PASSING %
80.000 —O—NDE PASSING %
75.000 —&— TARGET
70.000
65.000
60.000
55.000
+ 300 pm +150 pm + 105 um + 75 um




... PRE AIRFLOW MILL TEST SHEET. -

DATE: 13/04 /94 MILL: U1 C
GENERATOR LOAD 571 MW
DE NDE
PA FLOW 28.060 28.060|Kg/sec
FEEDER SPEED 35.610 36.120]%
CLASSIFIER OUTLET TEMP 82.370 80.130]°C
BYPASS DAMPER POS 20.120, 20.9301%
SAMPLE MOISTURE 4.180]- 3.620|%
SAMPLE WEIGHT 519.260 661.090]|gr
DE +300pum | +150 pm | +105pum | +75um | -75pm | SAMPLE
RETAIN GRAMS 0.01 0.53 1.4 4.73 45.65 52.32
RETAINED % 0.019 1.013 2.676 9.041 87.252
PASSING % 99.981 98.968 96.292 87.252
NDE +300um | 4150 um |} +105um | +75pm | -75um | SAMPLE
RETAIN GRAMS 0.38 1.86 2.9 5.36 435 54.00
RETAINED % 0.704 3.444 5.370 9.926 80.556
PASSING % 99.296 95.852 90.481 80.556
+300 pun | +150 pm | + 105 pum | + 75 pm
DE PASSING % 99.981 98.968 96.292 87.252
NDE PASSING % 99.296 95.852 90.481 80.556
TARGET 99 90.5 815 70
U1 C-MILL
105.000
100.000
95.000
ggggg —&— DE PASSING %
80.000 —i0—NDE PASSING %
75.000 —&— TARGET
70.000
65.000
60.000
55.000 E=
+ 300 ym +150 um + 105 um + 75 um




DATE: 13/04/94 MILL: Ul D
GENERATOR LOAD 618 MW
DE NDE
PA FLOW 28.050 28.050|Kg/sec
FEEDER SPEED 39.470 39.610|%
CLASSIFIER OUTLET TEMP 78.470 76.5501°C
BYPASS DAMPER POS 20.330 20.150]%
SAMPLE MOISTURE 4.240 3.830]%
SAMPLE WEIGHT 800.860 710.09
DE +300um | +150 pum | +105pm | +75 um -75Spm | SAMPLE
RETAIN GRAMS 0.61 2.64 3.33 5.9 40.56 53.04
RETAINED % 1.150 4977 6.278 11.124 76.471
PASSING % 98.850 93.873 87.594 76.471
NDE +300pm | +150 pum | +105pm | +75 pm -75pm | SAMPLE
RETAIN GRAMS 0.42 2.16 3.07 5.63 40 51.28
RETAINED % 0.819 4212 5.987 10.979 78.003
PASSING % 99.181 94.969 88.982 78.003
+300um | +150 pum | +105pm | + 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 D-MILL
105.000 ——
100.000 gy
95.000
90.000
85.000 —o— DE PASSING %
80.000 —O—NDE PASSING %
75.000 —&— TARGET
70.000
65.000
60.000
55.000 &
+ 300 pm +150 pm + 105 pm +75 um




DATE: 13/04/94 MILL: Ul E
GENERATOR LOAD 618 MW
DE NDE
PA FLOW 28.000 28.000|Kg/sec
FEEDER SPEED 35.960 39.340] %
CLASSIFIER OUTLET TEMP 80.220 79.200]°C
BYPASS DAMPER POS 20.560 20.810]|%
SAMPLE MOISTURE 3.840 3.470|%
SAMPLE WEIGHT 632.480 803.240|gr
DE +300pum | +150pum | +105pm | +75wm | -75pum | 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 pm | +150 um { +105pm | +75pm | -75pum | 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
+300pm | +1S0pum | +105pum | +75 um
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
85.000
:gggg —&— DE PASSING %
80.000 —@— NDE PASSING %
75.000 —&—TARGET
70.000
65.000
60.000 E
55.000
+ 300 ym +150 ym + 105 ym + 75 um




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




— PREAIRFLOWMILL TESTSHEET

+ 300 pm

DATE: 20/04/94 MILL: 1-D
GENERATOR LOAD 612 MW
DE NDE
PA FLOW 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 +300pum | +150 pm | +105pum | +75pm | -75pm | SAMPLE
RETAIN GRAMS 0.03 0.55 1.73 5.42 50.49 58.22
RETAINED % 0.052 0.945 2971 9.310 86.723
PASSING % 99.948 99.004 96.032 86.723
NDE +300pm | 150 pm | +105pum | +75pm | - 75 um | 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
+300pm | +150 pm | + 105 pm | + 75 pm
DE PASSING % 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
100.000
95.000 F
90.000
85.000 F —&— DE PASSING %
80.000 —0—NDE PASSING %
75.000 E —A—TARGET
70.000 [
65.000 [
60.000 [
55.000




DATE: 20/04/94 MILL 1-D
GENERATOR LOAD 587 MW
DE NDE
PA FLOW 26.130 26.130|Kg/sec
FEEDER SPEED 34.080 33.950|%
CLASSIFIER OUTLET TEMP 81.410 79.220]°C
BYPASS DAMPER POS 27.750 27.470|%
SAMPLE WEIGHT 608.530 579.360 gr
DE +300pm | +150pm | +105Spm | +75am | -75Spm | SAMPLE
RETAIN GRAMS 0.21 1.61 291 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 +300pm | +150pm | +105pm | +75pm | -75pum | SAMPLE
RETAIN GRAMS 0.06 0.77 2.39 5.53 49.19 57.94
RETAINED % 0.104 1.329 4125 9.544 84.898
PASSING % 99 896 98.567 94.443 84.898
+300 um | +150 pm | + 105 pm | + 75 pm
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
U1 D-MILL
105.000 —
100.000 [
95.000 f
90.000 [
85.000 E —e— DE PASSING %
80.000 [ —3— NDE PASSING %
75.000 E —&— TARGET
70.000 £
65.000 E
60.000 £
55000 L
+ 300 pm +150 pm + 105 pm + 75 pym




DATE: 20/04 /94 MILL: 1-D
GENERATOR LOAD 585 MW
DE NDE
PA FLOW 27.980 27.980|Kg/sec
FEEDER SPEED 37.970 38.160]%
CLASSIFIER OUTLET TEMP 77.150 75.420]°C
BYPASS DAMPER POS 20.650 20.430|%
SAMPLE WEIGHT 724.500 607.120| gr
DE +300 pm | +150 pm | + 105 pm | + 75 pum | - 75 pm | SAMPLE
RETAIN GRAMS 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 94234 87.845 74.094
NDE +300pm | +150wm { +105um | +75um | -75 um | SAMPLE
RETAIN GRAMS 0.06 | 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
+300 pm | +150 pm | + 105 pm | + 75 pm
DE PASSING % 98.786 94.234 87.845 74.094
NDE PASSING % 99.900 98.229 94.320 85.132
TARGET 99 90.5 815 70
U1 D-MILL
105.000 —
100.000
95.000
90.000
85.000 —&— DE PASSING %
80.000 —E—NDE PASSING %
75.000 —&—TARGET
70.000
65.000
60.000
55.000
+ 300 pm +150 um + 105 ym + 75 um
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DATE: 20/04 /94 MILL: 1-D
GENERATOR LOAD 588 MW
DE NDE
PA FLOW 30.130 30.130{Kg/sec
FEEDER SPEED 42.760 42.950|%
CLASSIFIER QUTLET TEMP 74.850 74.3901°C
BYPASS DAMPER POS 10.000 10.010[{%
SAMPLE WEIGHT 650.000 685.000 gr
DE +300pum | +150pum | +105pum | +75pum | -75um | SAMPLE
RETAIN GRAMS 1.35 4.09 481 8.56 44.88 63.69
RETAINED % 2.120 6.422 7.552 13.440 70.466
PASSING % 97.880 91.459 83.906 70.466
NDE +300um | +150 um | +105pm | +75pm | -75pm | SAMPLE
RETAIN GRAMS 0.13 1.53 3.05 7.08 46.95 58.74
RETAINED % 0.221 2.605 5.192 12.053 79.928
PASSING % 99.779 97.174 9]1.982 79.928
+300 pm | +150 um | + 105 um | +75 um
DE PASSING % 97.880 91.459 83.906 70.466
NDE PASSING % 99.779 97.174 9]1.982 79.928
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000
i 85.000 F
Z 90000 [
§ 85.000 E —&— DE PASSING %
o 80.000 ——NDE PASSING %
@ 75.000 f —A— TARGET
& 70000 |
£ 65000
60.000
55,000 B
+ 300 ym +150 um + 105 um + 75 um
PARTICLE SIZE (pm)
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PARTICLE SIZE (um)

DATE: 20/04 /94 MILL 1-D
GENERATOR LOAD 585 MW
DE NDE
PA FLOW 32.400]  32.400]Kg/sec
FEEDER SPEED 45,790 45,990]1%
CLASSIFIER OUTLET TEMP 73.970 73.610]°C
BYPASS DAMPER POS 0.000 1.562|%
SAMPLE WEIGHT 797.360 1020.440
DE +300pum [ +150 pm [ +105pum [ +75um | -75um [ SAMPLE
RETAIN GRAMS 1.63 4.34 4.89 7.28 41.66 59.80
RETAINED % 2.726 7.258 8.177 12.174 69.666
PASSING % 97.274 90.017 81.839 69.666
NDE +300 pm | +150 um | + 105wn | +75um | - 75 wm | SAMPLE
RETAIN GRAMS 0.17 1.58 2.88 6.94 4331 54 .88
RETAINED % 0.310 2.879 5.248 12.646 78918
PASSING % 99.690 96.811 91.563 78.918
+300pum | +1S0pum | +105pum | + 75 pm
DE PASSING % 97.274 90.017 81.839 69.666
NDE PASSING % 99.690 96.811 9]1.563 78.918
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000
z: 95.000 F==
Z  90.000
§ 85.000 —0— NDE PASSING %
o §0.000 —A—TARGET
@ 75000 E —o— DE PASSING %
g 70000 :
£ 65000
80.000 £
55.000 E
+ 300 pm +150 pm + 105 pm + 75 ym
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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
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+ 300 um

+150 um

+ 105 ym

+75um

. |MILL TEST DATA
— I PO __i — e ll_
| L
UNIT:1 | Miti:p |TEST No : L 630: 20,0 : 14h00
—_— : | —_ T
NDE +300um | +150 um | +105um | +75pm | -75um | SAMPLE
RETAINED GRAMS 0.12 1.57 5.65 14.75 63.89 78.64
RETAINED % 0.153 1.996 7.185 18.756 81.244
PASSING % 99.847] _ 98.004] 92815  8l244] 18756 -
] . o ] |
e N N
R B ) 1
~ [GRAPH DATA |
| |
+300pm | +150pum | +105Spm | +75 um
PASSING % 99.847 98.004 92.815 81.244
TARGET 99 90.5 81.5 70
|
U1 D-MILL
105.000
100.000 ¢
95.000
90.000
:;"ggg lio—PAsssNG %
75.000 TOTARGET
70.000
65.000
60.000
55.000
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MILL TEST DATA
—— i I
UNIT : 1 IMILL:D |TEST No: L 630:17.5:15h30 |
NDE +300pm | +150 pum { +105um | +75pm | -75pum | SAMPLE
RETAINED GRAMS 0.1 1.64 6.43 19.24 61.17 80.41
RETAINED % 0.124 2.040 7.997 23.927 76.073
PASSING % 99.876 97.960 92.003 76.073 23.927
) GRAPH DATA
+300 um | +150 pum | +105pum | + 75 pm
PASSING % 99.876 97.960 92.003 76.073]
TARGET 99 90.5 81.5 70
; | |
I i i
U1 D-MILL
105.000 [
100.000 ¢
85.000 E
90.000
gz‘ggg —e—PASSING %
75.000 —T—TARGET
70.000
65.000
60.000
55.000

+ 300 pm

+150 pm

+ 105 pm

+ 75 pm
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_MILL TEST DATA
j
UNIT: 1 L mwL:p | TEST No : L 630:15: 16h30
!

NDE +300pm | +150 um | +105pum | +75um | -75pum | SAMPLE
RETAINED GRAMS 0.07 1.13 4.01 10.64 472 57.84
RETAINED % 0.121 1.954 6.933 18.396 81.604
PASSING % 99.879 98.046 93.067 81.604 18.396
o _|GRAPH_DATA

+300 um | +150 pum | + 105 pum | + 75 pm
PASSING % 99.879 98.046 93.067 81.604
TARGET 99 80.5 815 70
U1 D-MILL

105.000 AT

100.000 ¢

85.000 F

80.000 |

85.000 F —e— PASSING %

75.000 |

70.000 E

65.000 F

60.000 E

55.000 E

+ 300 ym

+150 pm

+ 105 uym

+ 75 ym

J - 16



E MILL TEST DATA
| I
B . e |
i' ! L]
UNIT: 1 '3 MILL: D ITEST No : L 630 :12.5:17h30
I |
i . 4
I
| i
NDE +300pm | +150 pum | +105pum | +75pum | -75pm | SAMPLE
RETAINED GRAMS 0.14 1.76 6.18 18.04 67.19 85.23
RETAINED % 0.164 2.065 7.251 21.166 78.834
PASSING % 99.836 97.935 92,749 78.834 21.166
- — |
— B} — _I -
GRAPH DATA ' |
!
+300pm | +150 pm | +10Spum | +75 pum
PASSING % 99.836]  97.935] 92749 78834
TARGET 99 90.5 81.5 70
o i
s ! .i
] i | I
U1 D-MILL
105.000
* 3
g 95000 |
5 85.000 E —e— PASSING %
: —&+—TARGET
@ 75000 F
i)
5 E
u 65.000 3
rd
55.000
+ 300 um +150 ym + 105 pm + 75 pm

PARTICLE SIZE (um)

J -

17




5 MILL TEST DATA
|
UNIT - 1 MILL:D " TEST No - [ 630 :10 :18h45
3 % }
| .f
: !

NDE T 300 pum | +150 um | + 105 pum | + 75 mm | - 75 pm | SAMPLE
RETAINED GRAMS 0.13 1.76 6.78] __ 2297] 6283 85.8
RETAINED % 0.152 2.051 7902] _ 26.772] 73228
PASSING % 09848 97.949] _ 92.098]  73.228] _ 26.772

- I _
S 1 _ i
N |
| GRAPH DATA
i
+300 pm | +15S0pm | +105pm | + 75 pm
PASSING % 59.8a8]  97949]  92.098] _ 73.228
TARGET 99 90.5 815 70
U1 D-MILL
105.000 (=
100.000 i?

+150 pm

+ 105 pm

+ 75 pm

—o— PASSING %
—&— TARGET

J - 18



MILL TEST DATA

|

UNIT: 1 MILL : D TEST No:L 630:7.5: 20h00
NDE +300pm | +150 pm | +105um | +75pm | -75um | SAMPLE
RETAINED GRAMS 0.1 1.66 5.51 14.74 65.4 80.14
RETAINED % 0.125 2,071 6.875 18.393 81.607 .
PASSING % 99.875 97.929 93.125 81.607 18.393
GRAPH DATA |
+300 pm | +150 pum | +105pm | +75 pm
PASSING % 99.875 97.929 93.125 81.607
TARGET 99 90.5 81.5 70
i
i
U1 D-MILL
105.000
100.000
95.000
90.000
85.000 ——
80.000 PASSING %
75.000 —O—TARGETY
70.000
65.000
60.000 E:
55.000 E=

+ 300 pm

+150 pm

+ 105 pm

+ 75 pm

J-19



MILL TEST DATA
UNIT : 1 B MILL:D TEST No : L 550 ; 27 : 09n15
NDE +300mm | +150pm | +105pm | +75um | -7Spm | SAMPLE
RETAINED GRAMS 0.04 0.87 3.87 12.24 50.34 62.58
RETAINED % 0.064 1.390 6.184 19.559 80.441
PASSING % 99.936 98.610 93.816 80.441 19.559
+300 pm | +150 pm | + 10Sum | + 75 mm
PASSING % 99.936 98.610 93.816 80.441
TARGET 998 90.5 81.5 70
U1 D-MILL
105.000 =
100.000 g4
95.000
90.000
gg-ggg ——PASSING %
75.000 TARGET
70.000
65.000
60.000
55.000 E=

+ 300 pm

+150 pm

+ 105 pm

+ 75 pm

J - 20




+ 300 pm

+150 ym

+ 105 pm

+ 75 gm

MILL TESTDATA | _
e . o
—— ——— J— - - RN AU — N li

[UNIT : 4 R MLL:D | _|TEST No : L 550: 24 : 08h00

NDE +300 pum | +150pum | +105pm | +75pum | -75um | SAMPLE
RETAINED GRAMS 0.03 0.81 3.74 11.17 45.77 56.94
RETAINED % 0.053 1.423 6.568 19.617 80.383
PASSING % 99.947 98.577, 93.432 80.383 19.617

; *___J: I
+300pm | +150 pm | + 105 pm | +75 pm
PASSING % 99,947 98.577 93.432 80.383 o
TARGET 99 90.5 81.5 70
i !
U1 D-MILL

105.000

100.000 ¢

95.000 £

90.000

85.000 F e

80.000 | PASSING %

75.000 [ —O—TARGET

70.000 £

65.000 £

$0.000 £

55.000

J - 21



_MILL TEST DATA

|

|
e el
!
i

'

4

_ S ; |
UNIT: 1 - MILL :D | r"'ﬁs’éT No:L 550:21:10h15
|
r | !
H b
NDE +300um | +150 pwum | +105pm | +75um | -75pm | SAMPLE
RETAINED GRAMS 0.03 0.69 3.04 8.45 43.67 52.12
RETAINED % 0.058 1.324 5.833 16.213 83,787
PASSING % 99.942 98.676 94.167 83.787 16.213
GRAPH DATA
+300pm | +150pm | +105pm | +75 pm
PASSING % 99.942 98.676 94.167 83.787|
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000 &
95.000
90.000
gg'ggg —e—PASSING %
75.000 —O— TARGET
70.000 ;
65.000
60.000
55.000
+ 300 pm +150 um + 105 pm + 75 um

J - 22



MILL TEST DATA
UNIT : 1 MILL : D ITESTNo : L §50:17.5:11h15 _
? |

NDE +300um | +150pm | +105pmm | +75um | -75um | SAMPLE
RETAINED GRAMS 0.04 0.93 3.9] 11.45 53.72 65.17
RETAINED % 0.061 1.427 6.000 17.569 82.431
PASSING % 99.939 98.573 94.000 82.431 17.569

""" E
- _|GRAPH DATA
+300 pum [ +150 aum [ + 105 um | + 75 pm B
PASSING % 99.939 98.573 94.000 82.431
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000 =
100.000 Li:

+150 pm +

105 pm

+ 75 um

—&— PASSING %
——TARGET

J -

23



MILL TEST DATA
UNIT : 1 _MILL:D | TEST No:L 550:14:12h30
1
NDE +300 pm | +150 pm [+ 105Spm | +75pum | -75pm | SAMPLE
RETAINED GRAMS 0.04 0.74 3.13 9.6 50.17 59.77
RETAINED % 0.067 1.238 5.237 16.062 83.938
PASSING % 99.933 98.762 94.763 83.938 16.062
] GRAPH DATA |
+300 um | +150 pm | + 105 um [ + 75 pm
PASSING % 99.933 98.762 94,763 83.938
TARGET 99 90.5 81.5 70
|
Ut D-MILL
105.000
100.000
95.000
90.000
85.000
80.000 —&— PASSING %
70.000
65.000
60.000
55.000 £
+ 300 pm +150 pm + 105 pm + 75 pm
J - 24



MILL TEST DATA

]

+ 300 pm

UNIT 1 B MILL:D TESTNo :L $50:10:13h30
NDE +300pum | +150 pm | +105um | +75um | -75pum | SAMPLE
RETAINED GRAMS 0.05 0.91 3.63 10.38 50.22 60.6
RETAINED % 0.083 1.502 5.990 17.129 82.871
"|PASSING % 99.917 98.498 94.010 82.871 17.129
_|GRAPH DATA
+300m | +150 pm | +10S pum | + 75 pm
PASSING % 99.917| 98.498 94.010 82.871
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000 ¢
95.000
90.000
85.000
80.000 —&— PASSING %
75.000 —8—TARGET
70.000
65.000
80.000
55.000

J -

25



{MILL TEST DATA

| |
1]
t

H

| |
UNIT : 1 - _IMILL:D | TEST No : L 500 : 29 :11h45
Q} i
i !

NDE +300pm | +150pm | +105um | +75pm | -75pm | SAMPLE
RETAINED GRAMS 0.03 1.07 4.08 10.46 44.62 55.08
RETAINED % 0.054 1.943 7.407 18.991 81.009
PASSING % 99.946 98.057 92.593 81.009 18.991

) — | |
— i
L L l
GRAPH DATA |
+300 pm | +150 pun | +10Spm | +75pm |
PASSING % 99.946 98.057 92.593 81.009]
TARGET 99 90.5 81.5 70
I
|
U1 D-MILL
105.000
100.000 ¢
85.000
90.000
ggggg —&—PASSING %
75.000 —&— TARGET
70.000
65.000
60.000
55.000

+300 ym

+ 105 pm

+75 um

J - 26




) IMILL_TEST DATA I o
ﬁ |
— PR P ,i -
UNIT:1 MILL:D |  |TEST No:L 500:26:13h15
o |
NDE +300pm | +150um | +105pm | +75pum | -75pm | SAMPLE
RETAINED GRAMS 0.09 1.47 5.27 13.83 71.33 85.16
RETAINED % 0.106 1.726 6.188 16.240 83.760
PASSING % 99.894 98.274 93 812 83.760 16.240
‘ 1
e - \ . -
_____ GRAPH DATA |
+300pum | +150 pm | +105pm | +75 pm
PASSING % 99.894 98.274 93 812 83.760 | ]
TARGET 99 90.5 81.5 70
|
i
U1 D-MILL
105.000
100.000 ¢
95.000 E
90.000
gg-ggg —e— PASSING %
75.000 B TARGET
70.000
65.000
60.000

55.000 ==
+ 300 pm

+150 pm

+ 105 pm

+75 um

J - 27



i
|

- z T ! | -
— ___:_._ .; . 1‘ _..‘..!.__A_,..,,,_ i - ;
i 1 ! i H !
i i i j | |
UNIT:1 MILL:D _ ITEST No:L 500:23.5:14h15
i | | |
o ] ; i 1
I | | I
NDE +300pum | +150 pm [ +105pm [ +75pm | -75um [ SAMPLE
RETAINED GRAMS 0.09 1.31 6.67 21.63 59.52 81.15
RETAINED % 0.111 1.614 8.219 26.654 73.346
PASSING % 99.889 98.386 91.781 73.346 26.654
| ! i |
: ; i
| ! i H 1
R - 1 i i
_______________ ) | GRAPH DATA
4+ 300 pum | +150 um | +10Spum | + 75 pm o
PASSING % 99.889 98.386 91.781 73.346
TARGET 99 90.5 815 70
: i
| |
U1 D-MILL
105.000 E
100.000 e —
95.000 Ei
90.000 k¢
gg-ggg —e—PASSING %
75.000 TARGET
70.000
65.000
60.000
55.000
+ 300 pm +150 pm + 105 pm +75 pum

J - 28




MILL TEST DATA

| |
| !
)

[ | ; !
R | e
UNIT : 1 g CMILL:D | __|TEST No: L 500:20.75:15h15
e | | J‘
; ; I .
| — |
NDE +300 pm [ +150 pum [ +105um [ +75mun | -75 um [ SAMPLE
RETAINED GRAMS 0.07 1.51 5.62 13.82 72.7 86.52
RETAINED % 0.081 1.745 6.496 15.973 84.027
PASSING % 99.919 98.255 93.504 84.027 15973
T | | T
N | GRAPH_DATA | _ |
| | | | | i
+300 pm | +150 pun | + 105 um | +75 pm |
PASSING % 99.919 98.255 93.504 R4.027 |
TARGET 99 90.5 815 70
| |
j | :
! ! | ]
i ! E
. ‘ .
U1 D-MILL
105.000
100.000 ;
95000 F===
90.000
85.000
80.000 —&— PASSING %
75.000 —O0—TARGET
70.000
65.000
60.000
55.000

+300 pm

+150 p

m

+ 105 pm

+75 um

J - 29




. |MILL TEST DATA
UNIT : 1 MILL : D TEST No : L. 500:18:16h15
NDE +300pm | +150 pun | +105um | +75um | -75pm | SAMPLE
RETAINED GRAMS 0.08 1.22 4.54 11.73 61.41 73.14
RETAINED % 0.109 1.668 6.207 16.038 83.962
PASSING % 99.891 98.332 93.793 83.962 16.038
) N GRAPH_DATA
+300pm | +150 um | + 105 pm | + 75 pm
PASSING % 99.891 98.332 93.793 83.962
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000 £
100.000 ¢&:
95.000 E
90.000
85.000 —&— PASSING %
80.000 O— TARGET
75.000
70.000
65.000
60.000 E
55,000 Eiiiiiiiiii FEEEEEHELEEE LR EEE R R EEECEEEEE L EEEE T
+ 300 pm +150 pm + 105 pm + 75 pm
J - 30



l MILL TEST DATA ‘
] DR s i e | —

UNIT:1 7 IMILL:D TEST No: L 500: 14 : 17h30

NDE +300pm | +150 pum | +105pm | +75pm | -75pum | SAMPLE
RETAINED GRAMS 0.04 1.28 5.25 18.38 59.67 78.05
RETAINED % 0.051 1.640 6.726 23.549 76.451
PASSING % 99.949 98.360 93.274 76.451 23.549

] _ |GRAPH_DATA
+300pum | +150 pm | +10Spm | + 75 pm
PASSING % 95.949 98.360 93.274 76.451)
TARGET 99 90.5 81.5 70
} ! |
i |
I
U1 D-MILL

105.000

100.000

95.000

90.000

85.000 —&— PASSING %

80.000 —B— TARGET

75.000

70.000

65.000

60.000

55.000 ==

+ 300 pm +150 pm + 105 pm + 75 um
J-31




'MILL_TEST DATA
UNIT: 1 MILL :D JEST No: L 450 : 30 :T10h45
NDE +300pun | +150um | +105mm | +75pm | -75um | SAMPLE
RETAINED GRAMS 0.03 0.86 37 11.48 57.38 68.86
RETAINED % 0.044 1.249 5.373 16.672 83.328
PASSING % 99.956 98.751]  94.627 83.328 16.672
GRAPH DATA _
|
H 1
+300 pm | +150 pm | + 105 um | + 75 pm §
PASSING % 90 956 98.751 94.627| 83.328
TARGET 99 90.5 815 70
? . 1 . |
o ] 1 B I ? _i _
U1 D-MILL
105.000 :

100.000

85.000

90.000

85.000

80.000

—&—PASSING %
—L—TARGET

75.000

70.000

65.000

60.000 E

55.000 =
+ 300 pm

+150 pm + 105 ym

+ 75 um

J - 32




MILL TEST DATA ‘
UNIT : 1 i MILL: D TEST No : L450: 27 : 11h45
;

NDE +300pm | +150pm | +105pm | +75um | -75um | SAMPLE
RETAINED GRAMS 0.04 0.89 3.98 12.72 64.34 77.06
RETAINED % 0.052 1.155 5.165 16.507 83.493
PASSING % 99.948 98.845 94.835 83.493 16.507

GRAPH DATA | -
+300 pm | +150 un | + 105 um | + 75 um
PASSING % 99.948 98.845 94.835 83.493
TARGET 99 90.5 81.5 70
i |
H
} i
U1 D-MILL
105.000 =
100.000 ¢
05.000 E
90.000
85.000 ~&— PASSING %
80.000 —O—TARGET
75.000
70.000
65.000
60.000
55.000

+ 300 pm

+ 105 um

J-33




MILL TEST DATA | |

S Y S O N S0 U N

e e e - i [ {
! I

UNIT : 1 o MILL:D TEST No : L. 450 :23:13h30
g -
NDE +300pm | +150pm | +105um | +75pm | -75pm | SAMPLE
RETAINED GRAMS 0.06 1.08 4.5] i3 71.05 84.05
RETAINED % 0.071 1.285 5.366 15.467 84.533
PASSING % 99.929 98.715 94.634 84.533 15.467

i i i

GRAPH DATA

+300 um | +150 um | +10Sum | +75 pm
PASSING % 99.929 98.715 94.634 84.533
TARGET 99 90.5 81.5 70

U1 D-MILLL

105.000
100.000 (§=
95.000
90.000
85.000
80.000
75.000 £
70.000
65.000
60.000 E

55.000 ¢ :
+ 300 pm +150 pm + 105 pm + 75 um

—&— PASSING %
—B—TARGET

J - 34



MILL_TEST DATA
UNIT : 1 B MILL:D TEST No : L 450 : 20 : 14h30
NDE +300pum | +150pum | +105pm | +75um | -75pm | SAMPLE
RETAINED GRAMS 0.03 1.06 4.54 138 68.12 81.92
RETAINED % 0.037 1.294 5.542 16.846 83.154
PASSING % 99.963 98.706 94.458 83.154 16.846
GRAPH DATA N
+300pum | +150 pm | +10Spm | +75 pm
PASSING % 99.963 98.706 94.458 83.154
TARGET 99 90.5 81.5 70
— -
U1 D-MILL
105.000
100.000 ¢
95.000
90.000
85.000 —&— PASSING %
80.000 O— TARGET
75.000 ¢
70.000
65.000 ¢
60.000
55.000
+ 300 pm +150 pm + 105 pym +75pm

J - 35




[MILL TEST DATA

UNIT:1 - IMILL:D TEST No:L 450:16 :I 15h30
i
NDE +300pm | +150 pm | +105pum | +75um | -75pm | SAMPLE
RETAINED GRAMS 0.04 1.13 4.98 14.7 69.89 84.59
RETAINED % 0.047 1.336 5.887 17.378 82.622
PASSING % 99.953 98.664 94,113 82.622| 17.378
GRAPH DATA
+300 pm | +150 pm | +105pm | +75 pm
PASSING % 99.953 98.664 94.113 82.622
TARGET 99 90.5 81.5 70 i
U1 D-MILL
105.000
100.000
95.000
90.000
85.000 —&— PASSING %
80.000 —@3—TARGET
75.000
70.000
65.000
60.000
55.000
+ 300 pm +150 pm + 105 pm + 75 um

J - 36
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MILL TEST DATA

i
{
i
t
|

R ] e e R B B
UNIT:1 . MILL : D TEST No: L 450: 12.5 : 16h30
NDE +300um | +150 pm | +105um | +75mn | -75um | SAMPLE
RETAINED GRAMS 0.04 1.07 487 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
e IS !, IS P
) GRAPH DATA |
+300 um | +150 pm [ +105 pum | +75 pm }
PASSING % 99.953 98.743 94.281 85.038
TARGET 99 90.5 81.5 70
) : 1
U1 D-MILL
105.000
100.000 Lﬁ
95.000
90.000
85.000 —&— PASSING %
80.000 —&8—TARGET
75.000
70.000
65.000
60.000
55.000 =

+ 300 pm

+150 p

m + 105 pm

+ 75 um

J - 37




MILL TEST DATA
UNIT : 1 MILL : D |TEST No : L 400 : 37 ; 15h45
|
NDE +300pm | +150wm | +105um | +75pm | -75um | SAMPLE
RETAINED GRAMS 0.05 1.17 4.58 12.22 44.32 56.54
RETAINED % 0.088 2.069 8.100 21.613 78.387
PASSING % 99.912 97.931 91.900 78.387 21.613
GRAPH DATA
|
i
+300 am | +150pm | + 105 pum | +75 pm
PASSING % 99.912 97.931 91.900 78.387
TARGET 99 980.5 81.5 70
|
- !
]
U1 D-MILL
105.000 [
100.000 ;
95.000
90.000
gg'ggg —e— PASSING %
75.000 @ TARGET
70.000 =]
65.000
60.000 E
55.000 E

+ 300 ym

+150 pi

m + 105 ym

+ 75 um

J - 38




IMILL_TEST DATA
|
UNIT:1 MILL : D TEST No: L 400 32.5 :16h45
NDE ~ [+300um [ +150 pm [ +105um | +75pm | -75 pm | SAMPLE
RETAINED GRAMS 0.8 | 3.9 10.22 44.95 55.17
RETAINED % 1.450 1.813 7.069 18.525 81.475
PASSING % 98.550 98.187 92.931 81.475 18.525
1
GRAPH DATA
+300 pm | +150 pm | +10Spum | + 75 pm i
PASSING % 98.550 98.187 92.931 81.475
TARGET 99 90.5 81.5 70
! —
U1 D-MILL
105.000
100.000 ¢
85.000 f
90.000 F
85.000 —o—PASSING %
80.000 | —O—TARGET
75.000 E
70.000 [
65.000
60.000 E
55.000 E
+ 300 pm +150 ym + 105 pm + 75 pym

J -

39




MILL TEST DATA
_______ = [
UNIT:9 MILL:D TEST No : L 400:28:17h45
NDE +300pm | +150um | +310Spum | +7Swm | -75pm | SAMPLE
RETAINED GRAMS 0.06 0.89 3.61 10.37 39.6 49.97
RETAINED % 0.120 1.781 7.224 20.752 79.248
PASSING % 99.880 98.219 92.776 79.248 20.752
GRAPH DATA
+300pum | +150pm | + 105 pm | +75 pm
PASSING % 99.880 98.219 92.776 79.248
TARGET 99 90.5 81.5 70
U1 D-MILLL
105.000 T
100.000 ¢

+ 75 um

—&— PASSING %
—&— TARGET

J -~

40



MILL TEST DATA

- R DR
UNIT : 1 | MILL : D TEST No: L 400:24:18h45
NDE +300pm | +150 um | +105wm | +75pum | -75 wum | SAMPLE
RETAINED GRAMS 0.05 0.99 33 8.58 44.46 53.04
RETAINED % 0.094 1.867 6.222 16.176 83.824
PASSING % 99.906 98.133 93.778 83.824 16.176
+300 mm | +15S0pum | +10Spum | +75 pm
PASSING % 99.906 98.133 93.778 83.824
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000
85.000
90.000
85.000 —&—PASSING %
80.000 O—TARGET
75.000
70.000
65.000
60.000 E:
55.000 E

+300 um

+150 pm

+105 pm

+ 75 um

J - 41




ILL

TEST DATA

UNIT:1  ImMiLL:D TEST No : L400: 19 :19h30
7 ] B l
|
NDE +300pm | +150pm { +105mn | +75pm | - 75 um | SAMPLE
RETAINED GRAMS 0.06 0.98 3.71 9.9 41.07 50.97
RETAINED % 0.118 1.923 7.279 19.423 80.577
PASSING % 99.882 98.077 92.721 80.577 19.423
l
i GRAPH DATA
+300pm | +150pm | +10Spm | +7Spm |
PASSING % 99.882 98.077 92.721 80.577
TARGET 99 90.5 81.5 70
Ut D-MILL
105.000
100.000
95.000
90.000
gg-ggg —e—PASSING %
75.000 GO TARGET
70.000
65.000
80.000
55.000 £

+ 300 pm

+150 pm

+ 105 uym

+ 75 pm

J - 42




MILL TEST DATA |

J
I S |
UNIT:t 1 MILL:D |TEST No : L 400 : 15 : 20h45
t i
S !

NDE +300pum | +150 pum | +105pum | +75pm | -75 um | SAMPLE
RETAINED GRAMS 0.06 1.01 3.9 10.9 47.35 58.25
RETAINED % 0.103 1.734 6.695 18.712 81.288
PASSING % 99.897 98.266 93.305 81.288 18.712

+300 pm | +150 um [ + 105 pum | +75 pm B
PASSING % 99.897 98.266 93.305 81288
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000 -
100.000 g&:
95.000 E
90.000
gg-ggg —e— PASSING %
75.000 TARGET
70.000
65.000
60.000 [
55.000 E
+ 300 pm +150 pm + 105 ym + 75 ym

J - 43



MILL TEST DATA
UNIT:1 MILL : D ITEST No : S 630:23.5:11h00
— |
NDE +300um | +150pum | +105pm | +75pum | -75pum | SAMPLE
RETAINED GRAMS 0.1 1.39 5.2 14.06 3831 52.37
RETAINED % 0.191 2.654 9.929 26.847 73.153
PASSING % 99.809 97.346 90.071 73.153 26.847
R GRAPH DATA
+300 pm | +150 pun | + 105 pm | +75 pm
PASSING % 99 809 97.346 90.071 73.153
TARGET . 99 90.5 81.5 70
U1 D-MILL
105.000 =
100.000 é
95.000
90.000
§g~ggg —o—PASSING %
75.000 > B TARGET
70.000
65.000
60.000 E
55.000 E
+ 300 pm +150 ym + 105 uym + 75 uym

J - 44




MILL TEST DATA
UNIT:4 | IMLL:D_ TEST No: S 630:19.5:12h30
NDE +300pum | +150um | +105um | +75pm | -75pm | SAMPLE
RETAINED GRAMS 0.07 1.33 484 14.42 39.69 54.11
RETAINED % 0.129 2.458 8.945 26.649 73.351
PASSING % 99.871 97.542 91.055 73.351] 26.649
GRAPH DATA
+300pm | +150 pm | + 10Spm | + 75 pm
PASSING % 99 871 97.542 91.055 73.351 _
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000 ¢
85.000
90.000
85.000 -——PASSING %
75.000
70.000
65.000
60.000 £
55.000 E

+ 300 um

+150 pm +

105 pm

+ 75 pm

J -

45


http:luf.iiT:1--WlIl.ED

MILL TEST DATA

i
1

— l

[ B!
S$630:15:13h30

UNIT:1 RN IMILL:D |  |TESTNo:S630:15:13h30
H
I
NDE + 300 pm | +150 pm | + 105 pm -75pm | SAMPLE
RETAINED GRAMS 0.1 1.51 5.44 47.07 61.96
RETAINED % 0.161 2.437 8.780 75.968
PASSING % 99.839 97.563 91.220 24.032
) GRAPH_DATA
] +300 pm | +150 pm | + 105 pm
PASSING % 99.839 97.563 91.220]  75.968] ) ___
TARGET 99 90.5 81.5
U1 D-MILL
—&o— PASSING %
—8—TARGET

+150 pm

+ 105 pm

J - 46



MILL TEST DATA
- I
UNIT:1 MILL:D TEST No: $630:10: 14h30
NDE +300pm | +150 pm | +105pum | +75pum | -75um | SAMPLE
RETAINED GRAMS 0.12 1.38 4.58 13.68 40.3 53.98
RETAINED % 0.222 2.557 8.485 25.343 74.657
PASSING % 99.778 97.443 91.515 74.657 25.343
GRAPH DATA
+300pum | +150pm | +10Spm | +75pm |
PASSING % 99.778 97.443 91.515 74.657
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000 ¢
95.000
90.000
85.000 ~—&— PASSING %
80.000 —8—TARGET
75.000
70.000
65.000
60.000
55.000
+ 300 pym +150 pm +105 ym +75 pm
J - 47




MILL TEST DATA

|
1
UNIT:1 o MILL : D TEST No : S 630 : 8 16h45
NDE +300pum | +150pum | +105um | +75um | -75pum | SAMPLE
RETAINED GRAMS 0.11 1.33 4.53 13.0¢ 37.08 50.09
RETAINED % 0.220 2.655 9.044 25.973 74.027
PASSING % 99.780 97.345 90.956 74.027 25.973
GRAPH DATA
+300 pm | +150 um | + 105 pm | +75 pm
PASSING % 99.780 97.345 90.956 74.027
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000
95.000
90.000
85.000 —&— PASSING %
80.000 —+—TARGET
75.000 ]
70.000
65.000
60.000 ¢
55.000 E
+ 300 pm +150 pm + 105 pm +75 pm
J - 48




WILL TEST DATA
UNIT:1 . IMILL:D ITEST No : S630:5.5:15h30
; |
e e o e e s _; ———— e E
! 1
I
NDE +300pum | +150 pm | +105pm | +75pm | -75Sum | SAMPLE
RETAINED GRAMS 0.13 1.47 4.68 11.18 40.68 51.86
RETAINED % 0.251 2.835 9.024 21.558 78.442
PASSING % 99.749 97.165 90.976 78.442 21.558
GRAPH DATA
+300 um | +150 pum | + 10S pum | + 75 pun
PASSING % 99.79] _ 97.165] __90.976]  18.442] B
TARGET 99 90.5 81.5 70
U1 D-MILL
—&— PASSING %
——TARGET
+ 300 pm +150 pm + 105 pym +75 pm

J - 49




- MILL_TEST DATA
I o !
UNIT : 1 MILL:D TEST No :S550:30:13h45
|
i
NDE +300pm { +150 pm | +105pm | +75pum | -75pm | SAMPLE
RETAINED GRAMS 0.03 0.82 3.94 12.88 37.68 50.56
RETAINED % 0.059 1.622 7.793 25475 74.525
PASSING % 99.941 98.378 92.207 74.525 25.475
. |GRAPH DATA
+30pm | +150pm | +105pm | +75 pm
PASSING % 99.941 98.378 92.207 74.525
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000
95.000
90.000
ggggg —&— PASSING %
751000 TARGET
70.000
65.000
60.000
55.000 :
+ 300 pm +150 pm + 105 pm +75 ym
J - 50




MILL TEST DATA I
| | |
S ‘ e — g S P
. | [ |
UNIT:1 i ‘MILL D‘ TEST No : S 550 : 26 : 14h4S
R I
! —_
o - |
NDE +300pm | +150umn | +10Spm | +75pm | -75pum | SAMPLE
RETAINED GRAMS 0.03 0.95 4.1 13.8 39.69 53.49
RETAINED % 0.056 1.776 7.665 25.799 74.201
PASSING % 99.944 98.224 92.335 74.201 25.799
R GRAPH DATA |
| |
+30pm | +150 pm | +10Spm | + 75 pm
PASSING % 99.944 98.224 92.335 74.201 e
TARGET 99 90.5 81.5 70
|
{
U1 D-MILL
105.000 —
100.000 Li
95.000
90.000
85.000 —&— PASSING %
80.000 Errrrr i —0O—TARGET
75.000 E
70.000 [ 3
65.000 [
60.000
55.000 ==
+ 300 ym +150 ym + 105 ym + 75 pm

J - 51




MILL_TEST DATA

}
i
!
T
i
i
1
T

I
I B A A S S
UNIT : 1 _MILL:D | _ITEST No : S 550: 22 : 15h45
NDE +300um | +150pum | +105pmum | +75pum | -75 pum | SAMPLE
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 0R.343 90.772 75.367 24.633
i s
""" __|\GRAPH DATA
+300pm | +150 pm | +105pm | +75 pm
PASSING % 99.925 98.343 90.772 75.367
TARGET 99 90.5 81.5 70
B T \
e e | )
U1 D-MILL
105.000
100.000
95.000
90.000
gg-ggg —e—PASSING %
75:000 TARGET
70.000
65.000
60.000 E
55.000 E
+ 300 um +150 pm + 105 pm + 75 pm

J - 52




95.000 F

80.000

85.000

80.000

75.000

70.000

65.000

60.000 £

55.000 £
+ 300 pm

e e e e — e - e — .A_.,.I.M.,V. S
UNIT:1 L MILL:D TEST No:S550:18:16h45
S S B | —
! i
U : . .
NDE +300pm | +150pum | +105pum | +75pm | -75um | SAMPLE
RETAINED GRAMS 0.03 0.81 . 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
|GRAPH DATA | L —
|
+300um | +150 pm | +105um | +75pm | |
PASSING % 99.940 98.392 92.358 74.216 N
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000 J=
100.000 gimisiinintigi s

—o—PASSING %
—— TARGET

J - 53




MILL TEST DATA

|
S ] S 1 -
! ! 1
N S B A S N A
o S R (S SO I
UNIT : 1 - __MILL:D | TEST No : S 550 : 14 ; 20h45
NDE +300pm | +150pun | +105pm | +75pum | -75um | SAMPLE
RETAINED GRAMS 0.03 0.79 3.75 12.65 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 T T +300pm | ¥150 pm [ + 105 pm [ + 75 pm
PASSING % 99.940 98.425 92.525 74.786
TARGET 99 90.5 81.5 70 i
!
U1 D-MILL
105.000
100.000
85.000 £
90.000 E
85.000 —e—PASSING %
80.000 ¢ —O— TARGET
75.000
70.000
65.000 F
60.000 £
55.000 E

+ 300 pm

+150 pm

+105 pm

+ 75 um

J - 54



105.000 [
100.000 (5

95.000

80.000

85.000
80.000

75.000

| MILL TEST DATA :
,,,,,,, ! ——=——y A — | —
I L ] ] _ I
N i | R B
UNIT:1 ) MILL : D__“_[_ TEST No :S$550:10:21h45
———. i e S - 'r .
- ; ; ;

NDE +300pm | +150pum | +105pum | +75pum | -75pm | SAMPLE
RETAINED GRAMS 0.03 0.85 3.78 13.12 37.12 50.24
RETAINED % 0.060 1.692 7.524 26.115 73.885
PASSING % 99,940 98.308 92.476 73.885 26.115]
S S T .

: _ i -
el GRAPH DATA ol .
i +300 pm | +150 pum [ + 105 pm [ +75 pm RS
PASSING % 99.940 98.308 92.476 73.885 i
TARGET 99 90.5 81.5 70
e,
U1 D-MILL

—&— PASSING %

—LO—TARGET

70.000

65.000

60.000

55.000
+ 300 pm

+150 pm

+ 105 pm

+ 75 pm

J -355



_MILL. TEST DATA

UNIT : 1 MILL:D | TEST No : S 500 : 31 :09h15
o N | |

NDE +300 um | +150 un | +105pum | + 75 pm - 75 pm | SAMPLE
RETAINED GRAMS 0.1 1.39 4.54 1322 43.97 57.19
RETAINED % 0.175 2.430 7938 23.116 76.884
PASSING % 99 825 97.570 92.062 76.884 23.116

B I
l [ R B
JT+300pm | +150 pm [ + 105 um | +75 um
PASSING % 99 825 97.570 92.062 76.884]
TARGET 99 90.5 815 70
U4 D-MILL

105.000

100.000

85.000

90.000

85.000 —&— PASSING %

80.000 —0O0—TARGET

75.000

70.000

65.000

60.000

55.000

+ 300 pm

+150 pm

+ 105 pm

+75pum

J - 56




MILL TEST DATA
UNIT:1 . MILL:D |~ |TESTNo:$500:26.5:11h00 _
NDE +300pm | +150pm | +105pm | +75um | -75um | SAMPLE
RETAINED GRAMS 0.1 1.34 4.63 12.04 43,79 55.83
RETAINED % 0.179 2.400 8.293 21.565 78.435
PASSING % 99.821 97.600 91.707 78.435 21.565
_IGRAPH DATA |
R 300 pm | +150 pm | +105pm | + 75 pm 1 ]
PASSING % 99821 97.600 91.707 78.435
TARGET 99 90.5 81.5 70
T
1
Ui D-MILL
105.000
100.000
95.000
90.000
85.000 —&—PASSING %
80.000 —O— TARGET
75.000
70.000
65.000
80.000
55.000
+ 300 pm +150 pm + 105 pm +75 pym

J - 57



http:L+150,.un

MILL TEST DATA E
| |
"""" . N [ O
UNIT:1 ~ ImMiLL:D ~_ITEST No:S500:23.5:12h00
— S, ;.__
B NDE +300wm | +150um [+ 105um [ + 75 pm | - 75 um | SAMPLE
RETAINED GRAMS 0.1 1.31 4.42 13.28 40.15 53.43
RETAINED % 0.187 2.452 8.273 24.855 75.145
PASSING % 99.813 97.548 91.727 75.145 24.855
L . GRAPH DATA | N
| .
+300 pm | +150pun | +105un | +75pm | -
PASSING % 99 813 97.548 91.727 75.145
TARGET 99 90.5 81.5 70 B
i
i |
] \
Ut D-MILL
105.000
100.000
85.000
90.000
85.000 —&— PASSING %
80.000 ——TARGET
75.000
70.000
65.000
60.000 E
55.000
+ 300 pm +150 pm + 105 ym + 75 pm

J - 58




| MILL TEST DATA ~
e 3 - - B} i S O S
— :. - - —— "[_ e oo ,’ R U S “EM
UNIT:1 ~ |MILL:D | |TEST No : $500:19:13h15
] |
i 4
NDE +300pm | +150pwm | +105Spm | +75um | -75Sum | SAMPLE
RETAINED GRAMS 0.1 1.29 4.53 12.81 40.14 52.95
RETAINED % 0.189 2.436 8.555 24.193 75.807
PASSING % 99811 97.564 91.445 75.807 24.193
. | | .
! I
i
, 1 SRS o I
] i i
o '“ _IGRAPH DATA |
] +300um | +150pum | +105pum | +75 pm o
PASSING % 99.811 97.564]  9r44as| 75807
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000
95.000
90.000
85.000 —8—PASSING %
80.000 —O— TARGET
75.000
70.000
65.000
60.000
55.000
+ 300 pm +150 ym + 105 ym + 75 uym

J - 59




— | —

MILL TEST DATA

|

UNIT:1 _IMILL:D | | TEST No:S500: 16 :14h15
i ' : {
- ! i ] I
"NDE +300um [ +150 um [ +105pum [ +75um | -75um | SAMPLE
RETAINED GRAMS 0.08 1.13 4.13 11.09 41.37 52.46
RETAINED % 0.152 2.154 7873 21.140 78.860
PASSING % 99 848 97.846 92.127 78.860 21.140
s ' _
| | | i I
T __!, | — ' b e
.\ |GRAPH DATA ' |
+300pum | +150 pm [ +105pm [ +75pm | L
PASSING % 99.848 97.846 92.127 78.860|
TARGET 99 90.5 815 70
i {
| | |
| f
i { '
U1 D-MILL
105.000 J=
100.000 Airems
95.000 £
90.000
85.000 Frrrrrriiiiiii —&—PASSING %
80.000 —&—TARGET
75.000
70.000
65.000
60.000 |
55.000 E=
+ 300 pm +150 pm + 105 pm + 75 um

J -

60




]

? MILL_TEST DATA _ !
| | | |
R S L e -
UNIT:1 IMILL:D | TESTNo:$500:11:15h30
i |
i
NDE +300 um [ +150 pm [ +105pum [ +75um | -75 um | SAMPLE
RETAINED GRAMS 0.07 1.26 4.46 12.85 38.42 51.27
RETAINED % 0.137 2.458 8.699 25.063 74,937
PASSING % 99.863 97.542 91.301 74.937 25.063
__|GRAPH DATA | | _ .
- +300pm [ +150 pm | +105pum [ +75 pm | B
PASSING % 99.863 97.542 91.301 74.937
TARGET 99 90.5 81.5 70
& 'z
! !
U1 D-MILL
105.000

100.000 gE

95.000 fi=

90.000

85.000
80.000

—&— PASSING %

—&— TARGET

75.000
70.000

65.000
60.000 E

55000 E

+ 300 pm

J - 61



[MILL TEST DATA |

' )
j [ [ ! e P U
‘;_. - .%_ [ U S
U SO F SN RO E R,
UNIT:1 7ML __A__“_iTEST 0 : S 450 : 28.5 : 09h00
|

NDE +300pm | +150pm | +105pm | +75pm | -75 um | SAMPLE
RETAINED GRAMS 0.03 0.87 3.61 10.71 48.61 59.32
RETAINED % 0.051 1.467 6.086 18.055 81.945
PASSING % 99.949 98.533 93.914 81.945 18.055

+300 pm | +150 pumn | + 105 pum | + 75 pm

PASSING % 99.949 98.533 93.914 81.945

TARGET 99 90.5 81.5 70

U1 D-MILL

105.000
100.000 ¢
95.000
90.000
85.000
80.000
75.000
70.000
65.000
60.000 E
55.000 E
+ 300 pm +150 pm + 105 pm + 75 pm

—o— PASSING %
—&—TARGET

J - 62



I MILL TEST DATA | i
i {
____________ — SO S —
UNIT: 1  'MILL:D | ' TEST No : $450:25.5: 11h00
NDE +300pum | +150 pum | +105pum | +75um | - 75 pum | SAMPLE
RETAINED GRAMS 0.03 0.76 3.12 9.51 47.11 56.62
RETAINED % 0.053 1.342 5.510 16.796 83.204
PASSING % 99.947 98.658 94.490 83.204 16.796
[
{
e e e e SV N SISO S {
.. |GRAPH DATA |, |
+300 pm | +150 pum | + 105 um | + 75 pm
PASSING % 99 947 98.658 94,490 83.204
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000 —
100.000 A2
85.000 £
90.000 £
85.000 E —&—PASSING %
80.000 [ —8— TARGET
75.000
70.000 E
65.000 E
60.000
55.000 E
+ 300 pm +150 pm + 105 pm + 75 pm

J - 63



MILL TEST DATA

|
S
l
:
T

|
H
n ] i U S l R
UNIT :1 1 .,rMILL D i __WQTEST No:S450: &5 : 15h45 ]
S A I
e I
B ‘ | i
NDE +300pum | +150 um { +105pm | +75um | -75pum | SAMPLE
RETAINED GRANMS 0.02 0.73 3.03 9.64 44.33 53.97
RETAINED % 0.037 1.353 5.614 17.862 82.138
PASSING % 99.963 98.647 94.386 82.138 17.862
: - - !
L GRAPH DATA
+300pm | +150pm | +105pm | +75 pm
PASSING % 99.963 98.647 94.386 82.138
TARGET 99 90.5 81.5 70
!
| - — +
U1 D-MILL
105.000
100.000 &
95.000 F
80.000
85.000 —&—PASSING %
80.000 3 ~——TARGET
75.000 E
70.000
65.000 E
60.000 |
55.000 £==
+ 300 pm +150 pym + 105 pm + 75 ym
J - 64




MILL TEST DATA
|
. —— I SO i R e
‘ i ———e e
UNIT:1  { " |MILL:D TEST No : S450:19.5: 16h45 |
i |
|
NDE +300pum | +150 pm | +105pwm | +75pm | -75pm | SAMPLE
RETAINED GRAMS 0.02 0.71 2.95 8.61 44.3 52.91
RETAINED % 0.038 1.342 5.576 16.273 83.727
PASSING % 99.962 98.658 94.424 83.727 16.273
GRAPH DATA |
+300 pm | +150 pm | + 105 pum | + 75 mn
PASSING % 99.962 98.658 94.424 83.727
TARGET 99 90.5 81.5 70
1
]
U1 D-MILL
105.000 =
100.000 A=
95.000 E==
90.000
85.000 —&— PASSING %
80.000 —m—TARGET
75.000
70.000
65.000
60.000 E::
55.000 =
+ 300 pm +150 um + 105 pm + 75 pm
J - 65




[MILL TEST DATA

% i i [
UNIT: 14+ IMILL:D | |TESTNo:S450:16.5:17h00
NDE +300 pm | +150 um | + 105 pm [ +75pum | - 75 um | SAMPLE
RETAINED GRAMS 0.03 0.8 3.47 10.01 46.65 56.66
RETAINED % 0.053 1.412 6.124 17.667 82.333
PASSING % 99.947 98.588 93.876 82.333 17.667 ]
: GRAPH: DATA | _
+300 pm | +150 pm | + 105 pm | + 75 pm
PASSING % 99.947 98.588 93.876 82.333 |
TARGET 99 90.5 81.5 70
= !
U1 D-MILL
105.000
100.000 {3
95.000
90.000
85.000 —&— PASSING %
80.000 —O—TARGET
75.000
70.000
65.000
60.000 ¢
55.000
+ 300 pm +150 pm + 105 pm + 75 pum

J - 66




. |MILL TEST DATA .
| | |
—— — b S SV, n.._“,,___j:-.._ — % e . ] . S P U Y
; | 1 j
UNIT: 1 L MLL:D | __|TESTNo:$450:12.5:19h00 }
]

NDE +300pm | +150 pm | +10Spm | +75wm { -75pm | SAMPLE
RETAINED GRAMS 0.03 0.87 3.61 10.71 48.61 59.32
RETAINED % 0.051 1.467 6.086 18.055 81.945
PASSING % 99.949 98.533 93914 81.945 18.055

'GRAPH DATA |
S S e N e _ e
+300 pm | +150 pm | + 105 um | + 75 um e
PASSING % 99.949 98.533 93914 81.945| ]
TARGET 99 90.5 815 70 “_
i
| I |
..... } e — | H
U1 D-MILL

105.000

100.000

95.000

90.000

85.000 —&—PASSING %

80.000 TARGET

75.000

70.000

65.000

60.000

55.000

+ 300 pm +150 pm + 105 pm + 75 pm

J - 67



IMILL TEST DATA | —
1 | | |
S e SNSRI S, e _4}“ - ok BT
UNIT:1 iMILL:D |  ITEST No:$400:34:09nh00
; i i :
{

NDE +300pm | +150 pum [ +105pm | +75pm | - 75 pm | SAMPLE
RETAINED GRAMS 0.11 1.62 4.76 11.85 38.8 50.65
RETAINED % 0.217 3.198 9.398 23.396 76.604
PASSING % 99.783 96.802 90.602 76.604 233%|

L U . .
o | |GRAPH DATA
o +300 um [ +150 pm [ + 105 pum | + 75 pm
PASSING % 99.783 96.802 90.602 76.604
TARGET 99 90.5 81.5 70
1
|
|
U1 D-MILL
105.000
—&— PASSING %
—&—TARGET
+ 300 pm +150 pm + 105 pm + 75 pm

J - 68



(MILL TEST DATA
UNIT : 1 e i MILL:D | TESTNo:S400:30:11h15
E } i
I S | - VU O  FU S
|
|
NDE +300pum | +150pm | +105um | +75pum | -75um | SAMPLE
RETAINED GRAMS 0.1 1.11 4.04 11.35 38.53 49.88
RETAINED % 0.200 2.225 8.099 22.755 77.245
PASSING % 99.800 97.775 91.901 77.245 22.755
j
T
_ e (I
+300pm | +150pm | +105pm | +75pm | e
PASSING % 99.800]  97.775] __ 91.901 77245\
TARGET 99 90.5 81.5 70 . L
|
i
I
— - |
U1 D-MILL
105.000 —
100.000 gz=
95.000
90.000
85.000 —&— PASSING %
80.000 —B— TARGET
75.000
70.000
65.000
60.000
55.000
+ 300 pm +150 pm + 105 pm + 75 ym

J - 69



MILL TEST DATA

| | |
UNIT . 1 o MIL:D | ~ |TEST No:S400:26:13h00
S ', ‘

NDE +300pm | +150 pum | +10Spum | +75pum | - 75Sum | SAMPLE
RETAINED GRAMS 0.12 1.42 4.66 11.84 4301 54 85
RETAINED % 0.219 2.589 8.496 21.586 78.414
PASSING % 99.781 97.411 91.504 78.414 21.586

. | I

I
- - - R  —
! ]

_ . _GRAPH DATA S S
o T+300pm] +150pm [+105pm ][ +75pm |
PASSING % 99 781 97.411 91.504 78.414]

TARGET 99 90.5 81.5 70 .
i
U1 D-MILL

105.000

100.000

95.000

90.000 £

85.000 E —e—PASSING %

80.000 ——TARGET

75.000 F

70.000

65.000 £

60.000 E

55.000 B

+ 300 um +150 pm +105 ym + 75 uym

J-70




+150 pm

+ 105 pm

+75pm

— MILL TEST DATA
— - ;;,__, -
UNIT:1 1 MilL:o | TEST No : S400:22:14h00
~ NDE +300um | +150 pm [ +105um | +75pum | -75um | SAMPLE
RETAINED GRAMS 0.1 1.17 4.06 11.41 37.69 491
RETAINED % 0.204 2.383 8.269 23.238 76.762
PASSING % 99.796 97617 91.731 76.762 23238
\
+300pum | +150 pm | +10Spum | + 75 pm
PASSING % 99.796 97.617 91.731 76.762 N
TARGET 99 90.5 81.5 70
U1 D-MILL

105.000 =

100.000 ._;

85.000

90.000

ggggg —&— PASSING %

75:000 TARGET

70.000

65.000

60.000

55.000

J-171



. | IMILL_TEST DATA |
|
S
UNIT ; 1 - MILL:D |  ITEST No:S400:18:15h00
IS N N B =
‘ i i
NDE +300pm | +150 wm | +105um{ +75um | -75um | SAMPLE
RETAINED GRAMS 0.1 1.4 4.07 11.93 42.6 54.53
RETAINED % 0.183 2.567 8.564 21.878 78.122
PASSING % 99.817 97.433 91.436 78.122 21.878
i
................ _ ,! R
. | ,
] _....|GRAPH DATA
l
+300 pm [ +150 pm [+ 105 um | +75 pm B
PASSING % 99.817]  97.433]  91.436] 78122 o
TARGET 99 90.5 81.5 70
' .
i
U1 D-MILL
105.000 [
100.000 gt
95.000
90.000
85.000 —&—PASSING %
80.000 —0—TARGET
75.000
70.000
65.000
60.000 F=
55.000 E
+ 300 pm +150 pym + 105 pm +75pum

J -

72



MILL TEST DATA

- - ] —
§ | i i o -
S SO SO N R _
I I L L o
UNIT:1 n MILL:D | __(TESTNo:H630:21:11h45
i i ' !
et e e e _: ;r { :[
| T | |
NDE +300pum | +150 pum | +105um | +75pum | -75um | SAMPLE
RETAINED GRAMS 0.11 1.23 3.43 8.29 41.6 49.89
RETAINED % 0.220 2.465 6.875 16.617 83.383
PASSING % 99.780 97.535 93.125 83.383 16.617
} - j i
S | GRAPH DATA |
+300pm | +150 pm | + 105 pum | +75 um
PASSING % 99.780 97.535 93.125 83.383
TARGET 99 90.5 81.5 70|
U1 D-MILL
105.000
100.000
95.000
90.000
85.000 —&— PASSING %
80.000 —3—TARGET
75.000
70.000
65.000
60.000
55.000 E=
+ 300 pm +150 pm + 105 pm + 75 pym

J - 73



. i MILL TEST DATA
i
UNIT:1 | MIiLL:D | TEST No : H 630 : 18 13h15
1
NDE +300pum | +150um | +105pm | +75mum | - 75 um | SAMPLE
RETAINED GRAMS 0.09 1.2 36 015 4127 50.42
RETAINED % 0.179 2.380 7.140 18.148 81.852]
PASSING % 99.821 97.620 92.860 81.852 18.143
J_ . |GRAPH DATA — N
I +300pm [ +150 um [ +105pm [ +75um |
PASSING % 99.821 97.620 92.860 81.852
TARGET 99 90.5 81.5 70
- - — |
U1 D-MILL

—&— PASSING %

——TARGET

+150 pm

+ 105 pm

+75um

J - 74




IMILL TEST DATA !
| ; § '
S S NSO S — B
UNIT : 1 i MILL:D | 'TEST No : H 630 : 15 14h15
|
NDE +300 pum | +150pm | +10Spum | + 75 um -75um | SAMPLE
RETAINED GRAMS 0.08 1.28 3.58 8.59 39.81 48.4
RETAINED % 0.165 2.645 7.397 17.748 82.252
PASSING % 99.835]  97.355] 92.603]  82.252 17.748]
.{_
e |GRAPH DATA |
O +300 um | +150 pm [ + 105 pum | +75 pm
PASSING % 99.835 97.355 92.603 82.252
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000 ¢
85.000 £
80.000 £
85.000 —— PASSING %
80.000 —0— TARGET
75.000 ¢
70.000 £
65.000
60.000 |
55.000 &

+ 300 ym

+150 pm

+ 105 pm

+ 75 pm

J-75



MILL TEST DATA

UNIT : 1 e IMILL:D | TESTNo:H®630:11:15h15
! |
T - I
| |
i L
NDE +300um | +150n | +105pm | +75pm | -75pm | SAMPLE
RETAINED GRAMS 0.08 1.05 3.07 7.48 39 46.48
RETAINED % 0.172 2.259 6.605 16.093 83.907
PASSING % 99.828 97.741 93.395 83.907 16.093
GRAPH DATA |
+300pm | +150 pm | + 105 pum | +75 pm
PASSING % 99.828 97.741 93.395 83.907 -
TARGET 99 90.5 81.5 70
]
; |
U1 D-MILL
105.000
100.000
95.000
90.000
85.000 —&—PASSING %
80.000 —8—TARGET
75.000
70.000
65.000
60.000
55.000
+ 300 ym +150 ym + 105 um + 75 ym

J -76




+ 300 pm

+ 105 pm

+ 75 pm

MILL TEST DATA |
,,,,, _ _ S A
|
SN SO — I;
[UNIT:1 MILL : D _ |TEST No:H630:8:16h15
|
1
! i
- | H
\

NDE +300pm | +150 pum | +105um | +75pm | -75pm | 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

R — |
o |GRAPH DATA |
+300pm | +1S0pm | +10Spm | +75 pm
PASSING % 99.797 97.678 93.326 83.360|
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000
95.000
90.000
ggggg —&— PASSING %
75:000 TARGET
70.000
65.000
60.000 E
55.000 =

J - 77




[MILL TEST DATA |

- ) |
— - - ,; [ e e e . - —_— _—
— —— - SUS—— : S ——— st s et o 1 s 1t s i e e i_ e ————— i e
_______ I I B
UNIT : 1 ) _ IMILL: D |TEST No :}H 630:5 :17h15
! | |
i S
. . | !
i |
NDE +300pm | +150 pm [ +105pum [ +75pm | -75 um [ SAMPLE
RETAINED GRAMS 0.09 1.19 337 8.2 37.3 455
RETAINED % 0.198 2.615 7.407 18.022 81.978
PASSING % 99 802 97385 92.593 81.978 18.022
+300pum | +150pm | +105um | +75pm | -
PASSING % 99 802 97.385 92.593 81.978] -
TARGET 99 90.5 81.5 70 -
T 1 i
U1 D-MILL

105.000 —

100.000

95.000

90.000

85.000

—&— PASSING %

80.000

—3—TARGET

75.000

70.000

65.000

60.000

55.000 &
+ 300 pm

+150 pm

+ 105 pm

+ 75 ym

J - 78




+ 300 pm

+150 pm

+ 105 pm

+ 75 pm

- MILL TEST DATA
j
| ] |
[UNIT : 1 ] MILL:D _{TEST No:H550:28:0Sh00
_ . f |
] NDE +300pum | +150 pm | +105pum | +75pum | -75um [ SAMPLE
RETAINED GRAMS 0.09 111 2.95 6.55 30.38 36.93
RETAINED % 0.244 3.006 7988]  17.736 82.264
PASSING % 99.756 96.994 92.012 82.264 17.736
GRAPH DATA
B +300 un | +150 um | + 105 um | +75 pm
PASSING % 99,756 96.994 92.012 82.264
TARGET 99 90.5 81.5 70
b {
U1 D-MILL
105.000
100.000 ¢
95.000
90.000
85.000 —&— PASSING %
75.000
70.000
65.000
60.000
55.000 E=

J - 179



MILL TEST DATA

i
- SR L . .
UNIT : 1 . MILL : D TEST No: H550:24.5:10h15
NDE +300pm | +150 pm | +105pum | +75pm | - 75 um | SAMPLE
RETAINED GRAMS 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
- _|GRAPH DATA
+300 pum | +150 pm | +105pm | + 75 pm
PASSING % 99.705 96.876 91.811 82.165
TARGET 99 90.5 81.5 70
U1 D-MILLL
105.000
100.000
95.000
80.000
85.000 —0— PASSING %
80.000 — TARGET
75.000
70.000
65.000
60.000
55.000 =
+ 300 pm +150 pm + 105 pm +75 pum

J - 80




ILL TEST DATA
{
e S S [
UNIT:1 ~ IMILL:D ~ ITESTNo:H550:21:11h15
S I A
i

NDE +300pum | +150pum | +105pum | +75pm | -75um | SAMPLE
RETAINED GRAMS 0.11 1.32 3.46 7.76 31.44 39.2
RETAINED % 0.281 3367 8.827 19.796 80.204
PASSING % 99.719 96.633 91.173 80.204 19.796
R o I Y

‘ !
) GRAPH DATA
+300 pam | +150 pum | + 105 pum | + 75 pm
PASSING % 99.719 96.633 91.173 80.204
TARGET 99 90.5 815 70
U1 D-MILL

105.000

100.000

95.000

90.000

85.000 —o— PASSING %

80.000 —&— TARGET

75.000

70.000

65.000

60.000

55.000 E

+ 300 pm

+150 um

+ 105 um

+ 75 um

J - 81



—

MILL TEST DATA

. i .
umiT: 4y MILL : D JESTNo:HS550:17 :12h15
NDE +300wm | +150pm | +105pm | +75pum | -75pm | SAMPLE
RETAINED GRAMS 0.15 1.59 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
: GRAPH DATA S
+300 pm | +150 pm | + 105 pm | + 75 pm
PASSING % 99.670 96.503 91.027 80.954
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000 ——
100.000 g
95.000 E:
90.000
85.000 ~—o— PASSING %
80.000 —0— TARGET
75.000
70.000
65.000
60.000
55.000
+ 300 pm +150 um + 105 pm + 75 ym

J - 82



MILL TEST

+ 300 pm

+150 pm

+ 105 pm

+ 75 um

| ;
UNIT:1 "IMILL:D @ iTESTNo:H550:13.5:13h30
| |
” | L
B NDE +300pum | +150 pm [ +105um [ +75pm | - 75 pm | SAMPLE
RETAINED GRAMS 0.16 1.72 4.5 8.6 38.76 47.36
RETAINED % 0.338 3.632 9.502 18.159 81.841
PASSING % 99.662 96.368 90.498 81.841 18.159]
_ GRAPH DATA B
’ +300pm | +150pm | +105pum | +75um |

PASSING % 99.662 96.368 90.498 81.841|
TARGET 99 90.5 81.5 70

— |

U1 D-MILL

105.000

100.000

85.000

90.000

85.000 —&— PASSING %

80.000 —&—TARGET

75.000

70.000

65.000

60.000 E

55.000 &

J - 83




MILL TEST DATA

105.000

100.000 ,_i

95.000 E

90.000

i
E " i

. P S S
% {
B B !

UNIT : 1 ] ~ MILL:D i |TESTNo:HS550:10:14h30
: T
L | |
j | !

NDE +300pm | +150pwm | +105um | +75pm | -75Spm | 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 01.348 81.057 18.943

+300pm | +150 pum | +105pm | + 75 pm
PASSING % 99.500] __ 96.634] _ 91.348] _ 81.057| -
TARGET 99 90.5 81.5 70
Ut D-MILL

85.000

80.000

—&—PASSING %
—E—TARGET

75.000

70.000

65.000

60.000

55.000 E
+ 300 uym

+150 pm

+ 105 pym

+ 75 pym

J - 84




MILL_TEST DATA e
UNIT : 1 e IMILL:D | 'TESTNo:H500:32:10h00
i
|
NDE +300pum | +150pum | +105pm | +75um | -75Spm | SAMPLE
RETAINED GRAMS 0.1 1.26 3.59 9.06 40.62 49.68
RETAINED % 0.201 2.536 7.226 18.237 81.763
PASSING % 99.799 97.464 92.774 81.763 18.237
el (GRAPH DATA
+ 300 pm | +150 pm | + 105 pm | + 75 pm
PASSING % 99.799 97.464 92.774 81.763|
TARGET 99 90.5 81.5 70
;
i
T
|
U1 D-MILL
105.000
100.000
95.000
90.000
85.000 —o— PASSING %
80.000 —E-TARGET
75.000
70.000
65.000
60.000
55.000

+ 300 ym

+150 ym

+ 105 pm

J - 85




] | MILL TEST DATA
UNIT:1 T IMmILL: D TEST No:H500:28:11h00
] } %

NDE +300pum | +150 pm | +10Spm | +75pm | -75 pm | SAMPLE
RETAINED GRAMS 0.06 0.97 2.79 7.12 40.98 48.1
RETAINED % 0.125 2.017 5.800 14.802 85.198
PASSING % 99.875 97.983 94.200 85.198 14.802

e GRAPH DATA a
l,
""" +300pm | +150 pm [ +105um [ +75 pm
PASSING % 99.875 97.983 94.200 85.198
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000 ¢
95.000
90.000
85.000 —&—PASSING %
80.000 &— TARGET
75.000
70.000
65.000
60.000 f
55.000 E A
+ 300 ym +150 um + 105 um +75um

J - 86



MILL TEST DATA

UNIT:1 ] - _IMILL:D | TEST No : H 500 : 24 : 13h00
_____ B} .

NDE +300um | +150pm | +105um | +75um | -75 pm | SAMPLE
RETAINED GRAMS 0.05 0.87 2.68 6.82 39.22 46.04
RETAINED % 0.109 1.890 5.821 14.813 85.187
PASSING % 99.891 98.110 94.179 85.187 14.813

~ [+300pm] +150 pm [ +105um | +75 um
PASSING % 99.891 98.110 94.179 85.187 ]

TARGET 99 90.5 815 70

- 1]

|

U1 D-MILL

105.000
100.000 i

95.000

90.000
85.000

80.000

75.000

—&— PASSING %

—8—TARGET

70.000

65.000
60.000

55.000
+ 300 um

+ 75 um

J - 87




e MiLL _TEST DATA
UNIT:1 ~ MiLL:D | ~|TEST No: H 500 : 19.5 : 14h00 |
¥
 —

NDE +300pm | +150um | +105pum | +75pum | -75um | SAMPLE
RETAINED GRAMS 0.09 1.06 3.26 7.88 453 53.18
RETAINED % 0.169 1.993 6.130 14818 85.182
PASSING % 99.831 98.007 93 870 85.182 14818

+300pm | +150 pm | + 105 pm | +75 pm
PASSING % 99.831 98.007 93.870 85.182
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000 —
100.000 ;
95.000 E
90.000
85.000 —o— PASSING %
80.000 —— TARGET
75.000 F
70.000
65.000 ¢
60.000 ¢
55.000 E=
+ 300 pm +150 ym + 105 ym + 75 um
J - 88



MILL TEST DATA

4
+
I

UNIT : 1 MILL:D | |TEST No : H500:15 T45h00
| }
B _ i | |
| j ,
i | !

NDE +300pum | +150pum | +105um | +75pum | - 75 um | SAMPLE
RETAINED GRAMS 0.04 0.81 2.55 6.69 37.02 43.71
RETAINED % 0.092 1.853 5.834 15.305 84.695
PASSING % 99.908 98.147 94,166 84.695 15.305

+300 pm [ +150 pm | +105pm [ +75pm | o
PASSING % 99.908 98.147 94.166 84.695]
TARGET 99 90.5 81.5 70
U1 D-MILL

—&— PASSING %
—3— TARGET

+150 pm

+ 105 pm

+ 75 pym

J - 89



MILL TEST DATA
|
T
UNIT:1 " MILL:D | TESTNo:H500:11:16h00
_ {L !

NDE +300pum | +150 pum | +105pm | +75um | -75pum | SAMPLE
RETAINED GRAMS 0.05 0.87 2.8 7.11 40.58 47.69
RETAINED % 0.105 1.824 5.871 14.909 85.091
PASSING % 99.895 98.176 94.129 85.091 14.909

S N ;
o GRAPH DATA | | | o
+300 pm | +150pm | + 105 pum | +75 pm _;-
PASSING % 99.895 98.176 94.129 85.091]
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000 p—
100.000 11 =
85.000
80.000
85.000 —&— PASSING %
80.000 —O— TARGET
75.000
70.000 £
65.000
60.000 E
55.000 ©
+ 300 pm +150 pm + 105 pm + 75 pm

J - 90



,,,,, _MILL TEST DATA
- - |
UNIT :1 o )  ITEST No : H 450 : 33 : 09h45
[ |
S I ‘ I I
| a s |
— e - SN l
| E 1
NDE +300pum | +150pum | +105pm | +75um | - 75 pum | SAMPLE
RETAINED GRAMS 0.03 0.79 2.51 6.19 42.29 48.48
RETAINED % 0.062 1.630 5.177 12.768 87.232
PASSING % 99.938 98.370 94.823 87.232 12.768
|
—— ! !_
— - |
GRAPH DATA N S
- +300 pm | +150 pm | + 105 pum | + 75 pm
PASSING % 99.938 98.370 94.823 87.232
TARGET 99 90.5 81.5 70
U1 D-MILL ,
105.000 [
100.000 hi
85.000
80.000
85.000 ~<o— PASSING %
80.000 —&8—TARGET
75.000
70.000
65.000
60.000
55.000
+ 300 pm +150 pm + 105 pm + 75 pm

J -9




. ) . :_MILL TEST DATA L HJ L ___! -
I — |
I S —— . w;
] | 4 A R
UNIT:1 IMILL: D ~ |TEST No : H450:29 : 10h45
i |
- - — ! L : —
1 }

NDE [ +300um [ +150 um [ +105um | +75um | - 75 pum | SAMPLE
RETAINED GRAMS 0.06 1.34 4.04 9.25 54.12 63.37
RETAINED % 0.095 2.115 6.375 14.597 85.403
PASSING % 99.905 97.885 93.625 85.403 14.597

I | __
o GRAPH DATA
+300 pm | +150 pum | +10Swum | +75 pm
PASSING % 99.905 97.885 93.625 85.403]
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000 ¢ f
95.000
80.000
85.000 ~—4— PASSING %
80.000 ——TARGET
75.000
70.000
65.000
60.000
55.000
+ 300 pm +150 ym + 105 uym + 75 ym
J-92




MILL TEST DATA

UNIT:1 IMILL:D | ~ |TESTNo:HA450:25:11h45
NDE +300um | +15S0pum | +10Spm | +75Spm | -75pm | SAMPLE
RETAINED GRAMS 0.05 0.99 2.98 7.02 43.18 50.2
RETAINED % 0.100 1.972 5.936 13.984 86.016
PASSING % 99.900 98.028 94.064 86.016 13.984
_IGRAPH DATA
t i
+300 pm | +150 pm | +10Spm | +75 pm
PASSING % 99.900 98.028 94.064 86.016
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000
95.000 f
0.000
85.000 ¢ —&— PASSING %
80.000 ¢ ——TARGET
75.000 £
70.000 £
65.000 [
60.000 E
55.000
+ 300 ym +150 pm + 105 ym +75 pm
J -

93



MILL TEST DATA
UNIT: 1 ] MILL . D TEST No : H450:20.5:12h45
R ER N B
; |
NDE +300pm | +150pum | +105pum | +75pm | -75pum | SAMPLE
RETAINED GRAMS 0.04 1 3.01 7.84 49.57 57.41
RETAINED % 0.070 1.742 5.243 13.656 86.344
PASSING % 99.930 98.258 94.757 86.344 13.656
GRAPH DATA
i +300 pm | +150 pm | + 105 um | +75 pm
PASSING % 99.930 98.258 94.757 86.344
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000 [
100.000 @&:=
85.000
90.000
85.000 —&— PASSING %
80.000 —8—TARGET
75.000
70.000
65.000
60.000 (=
55.000 E=

+ 300 pm

+150 pm

+ 105 pm

+75 pm

J - 94




‘MILL TEST DATA
UNIT:1 I "MILL:D | ~|TEST No : H450:16.5 : 13ha5
S e _ - [ R I oo
1 ;

NDE +300pum | +150pum | +105pm | +75pum | -75mum | SAMPLE
RETAINED GRAMS 0.04 1.1 33 8.16 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

- |- [ .
GRAPH DATA
1
+300 pum | +150pum | +105pum | + 75 pm
PASSING % 99.936 98.246 94.739 86.992
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000
95.000
90.000
85.000 —&— PASSING %
80.000 —&— TARGET
75.000 F
70.000
65.000
60.000 F:
55.000 E
+ 300 uym +150 ym + 105 ym + 75 um

J - 95



MILL TEST DATA |
|
— e e —— — o - }_‘___ S UG SO [
UNIT:1 i IMILL:D | |TEST No:H450:12.5: 16h00
1
NDE +300 pum | +150 pm | +105pum | +75um | -75pum | 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
L ___IGRAPH DATA
- +300 pm | +150 pm [ + 103 pm [ +75 pm
PASSING % 99.922 98.166 94.380 85.873
TARGET 99 90.5 81.5 70
} B,
| |
U1 D-MILL
105.000 =
100.000 ¢
95.000 F
80.000 E
85.000 —&— PASSING %
80.000 —@— TARGET
75.000
70.000 f
65.000
60.000
55.000 E

+ 300 pm

+150 pm

+ 105 pm

+75pum

J - 96




MILL TEST DATA
UNIT:1  MILL:D | |TEST No:.:H400:37:00h00
* I
- - _ . '[_ . -

NDE +300pm | +150pm | +105pm | +75um | -75pm | SAMPLE
RETAINED GRAMS 0.11 1.42 4.1 10.11 40.37 50.48
RETAINED % 0.218 2.813 8.122 20.028 79.972
PASSING % 99.782 97.187 91.878 ~79.972 20.028

GRAPH DATA
+300 pum | +150 pm | + 105 pm | + 75 pm
PASSING % 99.782 97.187 91.878 79.972
TARGET 99 90.5 81.5 70
i |
U1 D-MILL
105.000
100.000
85.000
90.000
85.000 —&— PASSING %
80.000 —B—TARGET
75.000
70.000
65.000
60.000
55.000
+ 300 pm +150 pm + 105 uym + 75 ym

J - 97




MILL TEST DATA
- . | S ) JOO U
UNIT:1 ‘MILL: D TEST No : H 400 : 32.5 : 00h55
e I
] | x
NDE +300 um | +150 wm { +105pm | +75um | -75pm | SAMPLE
RETAINED GRAMS 0.1 1.44 4.42 12.35 38.21 50.56
RETAINED % 0.198 2.848 8.742 24.426 75.574
PASSING % 99.802 97.152 91.258 75.574 24.426
B} 'GRAPH DATA |
B i
1
+300pm | +150 pm | +105pm | +75 pm
PASSING % 99.802 97.152 91.258 75.574
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000 EE
95.000
80.000
85.000 —&—PASSING %
80.000 —EB—TARGET
75.000
70.000
65.000
60.000 E
55.000 ==
+ 300 pm +150 pm + 105 ym + 75 ym

J -

98




 —

MILL TEST DATA ‘[
|

.
Dy . - S B
UNIT:1 I' ~  MILL:D_ E ITEST No : H400: 27.5:01h45
i | e !
- -t e et L
_ ] : ! [
i | |
NDE +300wm | +1S0pm | +10Spum | +75pum | -75pm | SAMPLE
RETAINED GRAMS 0.11 1.43 4.1 9.72 43.07 52.79
RETAINED % 0.208 2.709 7.767 18.413 81.587
PASSING % 99.792 97.291 92233 81.587 18.413
o
|
S— S—— N —_— R __,!,_, - S — — NS — — - S
)  IGRAPH DATA |
' 2.0 1 e A
) - +300 pm | +150 pm | + 105 pm | + 75 pm
PASSING % 99,792 97.291 92.233 81.587
TARGET 99 90.5 81.5 70
i
U1 D-MILL
105.000
100.000 J&
95.000 priTemigiiiisits
90.000 f=io=rsesmmm=s
g‘gggg —&o— PASSING %
75:000 TARGET
70.000
85.000
60.000
55.000 &
+ 300 pm +150 pm + 105 pm + 75 um

J - 99




e | MILL TEST DATA | |
| | | |
PO S U —— .I..__. ——— = ! S »...,i-___, S — _A_,,:,A__#A S—
g ' | | |
i .. Ao !
UNIT:1  MILL:D | ITEST No:H400:23.5:02h35
| P e ‘
o i
o L | ; :

NDE +300pum | +150pum | +105pm | +75pum | -75um | SAMPLE
RETAINED GRAMS 0.12 1.36 3.79 9.1 39.45 48.55
RETAINED % 0.247 2.801 7.806 18.744 81.256
PASSING % 99.753 97.199 92.194 81.256 18.744

L
|
.l |GRAPH DATA )
+300pm | +150 pm | + 105 pm | +75 pm
PASSING % 99.753 97.199 92.194 81.256
TARGET 99 90.5 81.5 70
U1 D-MILL
105.000
100.000 i:
95.000
90.000
85.000 —&— PASSING %
80.000 —i—TARGET
75.000
70.000
65.000
60.000
§5.000 =
+ 300 pm +150 pm + 105 pm + 75 pm

J - 100




S MILL TEST DATA | L
| | | |
UNIT : 1 . IMILL:D | TESTNo:H400:18;03h45
; j |
-t — ) | =
| : |
! % i | '\

NDE +300 um | +150 pum | +105pum | +75pm | -75um | SAMPLE
RETAINED GRAMS 0.11 1.34 3.73 9.39 38.11 47.5
RETAINED % 0.232 2.821 7.853 19.768 80.232
PASSING % 99 768 97.179 92.147 80.232 19.768]

.| |GRAPH DATA | _
|
[ +300 um [ +150 pm [+ 105 pm | +75 pm
PASSING % 99.768 97.179 92.147 80.232
TARGET 99 90.5 81.5 70
|
! f
U1 D-MILL
105.000
100.000 ¢
95.000
90.000 f
ggggg E —&—PASSING %
75.000 O TARGET
70.000 E
65.000 [
60.000 [
55.000 ==
+ 300 pm +150 pm + 105 pm + 75 pm
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i

MILL TEST DATA

-
— — i S A
- [ R S
UNIT : 1 L MILL:D S ITEST No : H 400: 14 : 05h00
_______ _ . : ; ! : - ‘_,
o i :

NDE +300um | +150pum | +105pm | +75pum | -75Spm | SAMPLE
RETAINED GRAMS 0.09 1.2 3.35 7.69 38.5 46.19
RETAINED % 0.195 2.598 7.253 16.649 83.351
PASSING % 99.805 97.402 92.747 83.351 16.649

L
1
) GRAPH DATA ,
e B 2 e s ; S D
O +300 pm | +1S0pm | +105pm | +75 jum i
PASSING % 99.805 97.402 92.747 83.351 N
TARGET 99 90.5 81.5 70 i
L
1
! | L -
U1 D-MILL
105.000
100.000
95.000
90.000
85.000 —~4—PASSING %
80.000 —8—TARGET
75.000
70.000
65.000
60.000
55.000 ==
+ 300 pm +150 pm + 105 pm +75 pm
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