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SCOPE AND CONTENTS:

A broducfion Basic Oxygen Furnace installation at Dominion Foundries
and Steel Ltd., Hamilton, Ontario is used to develop a method of dynamically
predicting the time during steelmaking at which a specified bathcarbon content
will be reached,

The carbon evolution rate is calculated from continuous stack gas
analysis and fiow data, This information, combined with a known bath carbon
content measured shortly before Thé end of the blow, is used to perform carbon
mass balances, Bath carbon contents, calculated from fhese-mass balances can
be expressed as a function of time by a simple updated -mathematical model which
is then used to predict the end point time, |

A new technique for determining stack gas flow rates by utilizing an

injected chemical tracer is evaluated,
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CHAPTER |

BASIC OXYGEN FURNACE STEELMAKING

I.1 Background

Over-reduced hot metal, containing approximately 4.,5% C, 1.0% Si, 1.0%
Mn, < 0,01% P, and 0,02% S by weight, is supplied by the blast furnace., Oxidation,
- using commercially pure (99,5%) oxygen is then carried out in the B.O.F. under
chemically basic conditions to remove the first four elements, Equations i.| and

l.Z(I), which describe desulphurization and dephosphorization respectively, demon-

strate the necessity for basic conditions.
[s] + (Ca0) = (CasS) + Lo] , i1

2[P] + 5[0] + 3(Ca0) = Cas(P04) 1.2
. 2 ’

[] represents a component in the metal and () a component in the slag. Desulphuri-

zation, a reducing reaction, is relatively inefficient under oxidizing steelmaking

conditions,

1.2 Chemistry of the Process

Steelmaking reactions at 1600°C may be summarized by the following

equafions(l'Z):



[Fel + 1/2 0y(g) = (FeO \AHO = =57,000 cal/mole 1.3

Cc], wtgt 172 oz(g) = co(g) aH® = -27,000 ¢a|/mo|é 1.4

COgy + 112 05 gy = €Oy O = -68,000 cal/mole 1.5

[Mnd g g * 172 Oy¢gy = (MnO) aH° = -97,000 cal/mole 1.6
(o}

(sid) wrg ¥ Og) = (si0,)  AH® =-226,000 cal/mole 1.7

=-361,000 cal/mole 1.8

2[P]| wt.% + 5/2 OZ(q) = (onb) AH

- o—
(], yp.q * (Ca0) = [0J) . o + (Cas) aH = 44,300 cal/molel .

L], wt.g indicates that component acitivities are referred to the standard state

of a | wr,% solution. The first six exothermic reactions generate enough heat to
make Basic Oxygen Steelmaking an autogeneous process. Typical graphs of composition
change in the bath and slag during the biow are illustrated in Figures [.l(a) and

(3

1.1(b) respecfively.

1.3 Equipment Design and Operation

The furnace rotates about a fixed horizontal axis to allow for various
operating positions such as charging of new materials, blowing and tapping of steel
and slag. Figure 1,2 illustrates the sequence of operations. Oxygen is injected at

supersonic velocities through a retractabie water-cooled lance which is lowered
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vertically into the furnace., Effluent gases, collected by a furnace hood, pass into
a wet gas cooling and scrubbing system, Fluxes such as limestone and dolomite
are added in specified quantities to form a slag of desired basicity and fluidity.
The basic slag, essential to sulphur and phosphorous removai, also collects oxidation
products, |

Shortly before turndown bath temperatures are taken using bomb
thermocouples, the blow being terminated when the correct end point temperature
is reached, After turndown another temperature measurement, together with a bath

sample analysis, is taken to ensure that specifications have been met,



CHAPTER 2

B.O.F., CONTROL SYSTEMS

2,1 Advantages

An important variable in B,0,F, steelmaking is the end point carbon
content., 1f this carbon content is above specification, approximately 10% of
tap-to-tap time may be used in a reblow to remove more carbon, The problems of

overblowing are illustrated by Table 2.|(4)

and Figure 2,1, Lower carbon levels
correspond with sharply increasing oxygen saturation, i.,e., overblowing requires
extra deéxidafion which is costly in materials and produces a greater number of
undesirable oxide inclusions in the steel Table 2,1 shows that as lower carbon
contents are reached an increasing amount of oxygen combines with iron to form
unrecoverable FeO in the slag, thereby reducing the iron yield., Overblown steels
must also be recarburized in order to meet specifications,

Another production problem is slopping -- the physical ejection of slag-
metal-gas emulsion from the B,O.F. It occurs when oxygen from slag FeO suppliements
the lance oxygen for carbon elimination giving an accelérafed, sometimes violent
evolution of CO, Slopping further reduces the iron yield but more important, it
indicates the refining process is out of control, Figures 2,2(a) and 2.2(b)(3)
contrast slag analyses of a no-slop and slop heat.

Loss of production time, excess oxygen consumption, oxide inclusion

content and loss in iron yield are crucial factors to minimize if more efficient



"TABLE 2,1

DISTRIBUTION OF TOTAL OXYGEN

wt.% C 0, + CO 0, » Fe0 0, + [o]
2.00 95. 5 -——
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0.2 65 30 5
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profitable steeimaking is to be realized,

2,2 General Principles

Methods of control can be grouped into two general categories: static
and dynamic, A static approach uses an empirically based heat and mass balance
made before the blow begins, to calculate the correct amount of input materials
required to arrive at the desired end point specifications, Although This procedure
is standard practice at most North American steel plants, it is unsatisfactory
because it cannot compensate for refining irregularities (e.g., slopping) and
cannot predict at what time specifications will be met,

In contrast, dynamic conftrol takes into account such irregularities by
on-line changes in operating variables (lance height and oxygen flow) as well as
end point carbon and temperature predictions, The most fruitful dynamic end point
carbon control system incorporates indirect carbon measurement by means of mass
balances based on effluent gas analysis. Since carbon is evoived from a B.O.F. in
gaseous form as CO and CO,, the indirect carbon calcuilations are based on knowiedge
of (1) a reference carbon point, (2) bath weighf,- (3) stack gas flow measure-
ment, and (4) stack gas analyses for CO and COZ'

Hot metal carbon analysis is not a satisfactory reference point because
the analytical error involved is greater than the allowable end point tolerances,
In addition, error introduced by integration of the decarburization curve throughout

(5,6 made no direct

the blow only compounds the problem, Approximate studies
continuous measurements of stack gas flow, either assuming the flow was constant
or proportional to the rated power of the exhaust fan system, More precise studies

lead to the use of stack pressure differentials for flow measurement, e.g., an



orifice plafe(7). These methods share a common difficulty, Sample gas is analyzed

on a dry, clean basis but flow data apply to actual stack conditions, Calculation
of the CO and 002 mass flows therefore require a knowledge of water vapour and
particulate matter contents -- added complications and sources of error,

For these reasons the optimism associated with B,0.F, confrol systems

based on such flow measurements has proved to be unwarranted, the application in

practice being singularl¢43nsuccessful.

2.3 Control by a Chemical Tracer Technique

2.3.1 Stack Gas Flow

A new chemical tracer technique by-passes the problems asﬁocia#ed with
monitoring stack gas water vapour and particulate matter content, pressure and
temperature,

Methane (as natural gas) is injected at a known rate info.fhe stack.

A stack gas sample is taken downstream from the injection point and analyzed, Since
this analysis is on a clean, dry basis and the CH4 injection rate may be expressed

as scfm,stack gas flow rate dataarealso calculated on a clean, dry basis in scfm,

2,3,2 Chemical Analysis

As an alternative to hot metal carbon analysis, in-blow sampling and
analysis for carbon has been used in this study fo reduce analytical error, Also
the error introduced by integrating the decarburization curve is reduced, since

intfegration now takes place over a fraction of the total blowing time,



'‘CHAPTER 3

CONTROL EQUATIONS

Detailed derivations and error propagation formulae for each
equation are given in Appendix |, Variable names are identical with computer
listings in Appendix |i; [ ] after the equation number contains its location

in the program,

3.1 Carbon Evolution Rate

Stack gas analyses for coz, co, and,CH4 combined with methane injection

rates permit calculation of the carbon evolution rate,

SFLOW () = FEWCHA 100 3.0 [C 2. 567 ]
CH4
CEV (+) = 0:031 (COp + CO) x SFLOW (+) 5.2 2. 612 ]

100

where at time + (minutes):

SFLOW (1) = stack gas flow (scfm)

FLWCH4 = methane injection rate (scfm)

CH4 = stack gas methane content (%)

CEV (t) = carbon evolution rate (ib/min)

co2 = stack gas carbon dioxide content (%)
co = stack gas carbon monoxide content (%)

7



3.2 Bath Carbon Content

The bath carbon content (%) at time t can be expressed as:

100 (DATMPT x TOTWT)/100 - CEVD)
TOTWT

BCC (1) = 3.3 2. 698 ]

where DATMPT = carbon datum point analysis (%)

" TOTWT = estimated bath weight (assumed constant from sampliing Time until
turndown - ib)
CEVD = carbon evolved from time of datum point (ib)

3,3 Modelling

Updating a least squares fit of the polynomial
BCC () = a + bt + ct? __ 3.4

proves to be an extremely successful way of relating bath carbon content with

time. Rearranging 3.4 gives

Z
PReED3 = =0 =V b° - dc (a - STALC) 5 5

2c

where STALC = end point carbon analysis (%)

TPRED3 = predicted end point time (minutes)

The predicted time left (seconds) at time t is

TLEFT3 = (TPRED3 - 1) 60 - MAXLAG 3.6 [ 2.1115]



where MAXLAG = maximum time delay of control system (seconds)

3.4 Stack Lance Oxygen

PRLO2 (percentage recovered lance oxygen) is a variable used to estimate
the proportion of input lance oxygen used in decarburization. It is defined
as the percentage of input lance oxygen recovered in the stack, Preliminary

work(s) has shown PRLOZ to be an effective indicator of the degree of slopping.

PRLOZ (1) = £1.27 (CO2 + 02) + 0,77 CO - 26,50] x SFLOW (1) 3,7 [ 2. 592 ]

- FLWO2 (+)/100

where 02 = stack gas oxygen content (%)

FLWO2(t) input lance oxygen flow (scfm)



CHAPTER 4
EXPERIMENTAL

4,1 Tracer injection

Methane, supplied from botties of compressed natural gas, was injected
at constant pressure through a flowmeter and injection probe into the stack
gas (Figure 4,1), The probe was designed to ensure that the methane would be
well-mixed in the turbulent flow -- the basic assumption in this tracer
technique., Pressure, temperature, and rotameter readings were recorded in
order to correct injection flow rates to standard conditions, Stack gas .

temperature readings (under 200°F) indicated no possibility of CH4 combustion,

4,2 Gas Sampling and Preparation

Approximately 100 feet downstream from the injection point and
around a 120° pipe elbow, stack gas was continuously sampled‘fhrough a probe
identical to that used for methaneinjection, 25 cu., ft/hr of saturated stack
gas sample was drawn under reduced pressure through a gas-solid separator,
for removal of gross particulate matter, to a sample preparation unit (Figure
4,2), In this unit, a heated filter (v 300°F) removed most of the remaining
particulate matter; subsequent passage through a refrigerated dryer reduced
the water vapour content to approximately 5000 ppm (35°F dewpoint), Treatment

by two more filters (10 and 3 um) and CaSO, dessicant served as final preparation

4
10
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before the sample passed, under pressure (5 psig), to the gas analysis unit,

4.3 Instrumentation

4,3,1 Gas Analysis

Three MSA infrared analyzers (for 0-30 % COZ' 0-20% CO, 0-500 ppm CH,)

4
connected in series and a Beckman polarographic oxygen analyzer (0-25%) in
parallel with the first three (Figure 4,3) provided continuous sample gas
analysis, Two flowmeters monitored the parailel flows of 4 cu. ft/hr, excess

sample being vented to atmosphere. Each analyzer was calibrated before every

experimental run with zero and span gases.

4,5,2 Operating Variables

The lance height above the static metal bath and lance oxygen flow
were also recorded in order to examine their infiuence on PRLOZ2 and decarburi-

zation,

4,3,3 Time Delay

Transport time from the sample point to the entrance of the sample
preparation unit was calculated from known volumetric sample flows and the
) and CH4

were calculated from 90% response curves of standards injected at the entrance

diameter of the sample line, The remaining time delays for CO, CO

of the preparation and analyzer units, The O, response time was estimated by

2

correlations with processed gas analysis data.
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TABLE 4,1

TIME DELAYS

Gas

Time (seconds)

Co
. Co
CH4

52
51

54
59

4.4 Data Collection and Processing

12

An Esterline Angus D-2020 data acquisition system monitored and

printed the six channels of millivoltage data in digital forms on a strip

paper approximately every 3 seconds, After the information was keypunched

onto data cards, it was processed by a program run on the CDC 6400 computer

at McMaster University,

program,

Appendix |1 provides a complete listing of the



CHAPTER 5

RESULTS

5.1 Presentation and Discussion

5.1.1 Measured Variables

(a) Gas Analysis

Figure 5,1 illustrates *he CO, CO2 and O2

#19923, A sharp decrease in 002 content and increase in 02 content at the 20,2

minute mark show the effect of femporarily haiting the blow to obtain a carbon

analyses throughout HEAT

datum point; the re-blow at the 24,3 minute mark for |.3 minutes is also cleariy

shown by a CO, peak and an O2 drop,

2
The marked shifts of component analyses from the 14 - 20 minute mark
are characteristic of double furnace 0perafion(3). When the waste gas system
is set for such operation, the total mass flow must now be divided between
each turnace off-gas duct which join a common header feeding into a 3-fan
venfur!‘scrubber system, With a lower mass flow on the furnace being studied,
2 contents;
- consequently these analyses shérply increase and the O2 content decreases,

less alr is drawn through the open hood to dilute the CO and CO

Closer scrutiny near the |4 minute mark reveals smaller peaks on
all 3 curves followed by relatively stable analyses until the sampling turndown
(20 minute mark)., These peaks indicate a brief period of abnormally high carbon
evolution which suggests that some degree of slopping has occurred here; this

I3
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becomes more clear in the CEV and PRLOZ curves to be discussed shortly,

(b) Lance Height and Oxygen Flow
Figures 5.2 and 5,3 show These two operating variables during the

blow and indicate more accurately when the turndowns and reblow occurred,

(c) Methane Injection Temperature

The unusual temperature curve (Figure 5.,4) was typical of all the
heats studied and is explained as follows: the adiabatic cooling effects of
the sudden large pressure drops (> 2000 psia at first) through the gas bottie
regulators caused adiabatic cooling. As more gas was injected, the pressure
differential (and adfabafic cooling effects) decreased, thereby allowing heat
transfer from the surrounding atmosph re to predominafé until ambient tempera-

tures were reached once again.

5.1,2 Calculated Variables

(a) Stack Gas Flow |

Figure 5.5 shows quite clearly how sharply the stack flow decreased
when a second furﬁace duct was opened to the fan system at the 14 minute mark,
The constant flow sﬁorfly before and after the reblow is a result of temporarily
shutting off the tracer injection to conserve a low natural gas supply; to
avoid calculating an infinitely large flow (with no tracer present) and a

consequent|y distorted CEV curve, the flow was set at a suitable level, This
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only affects to a minor extent the carbon evolution rate when the furnace is
turned down, Stack flow errors throughout the blow averaged < 3.5 %, a sample

calculation being given in Appendix |, equations I|.ll and 1,12,

(b) Carbon Evolution Rate

The decarburization curve (Figure 5,6) is calculated from the data
shown in Fiqures 5,1 and 5,5 using equation 3.2, The sharp peak at the 14
minute mark indicates that mild slopping occurred over a total period of
less than 20 - 30 secohds.

It is clearly demonstrated by Figure 5,7 that decarburization still
occurs after the lance oxygen is shut off, The amount of carbon evolved from
turndown to sampling depends on the carbon level at turndown and the amount
of time taken from turndown to sampling., |In this particular case v 2 points

of carbon were evolved after each turndown,

(c) Bath Carbon Content

The bath carbon content for HEAT # 19923 ffom the datum point tfo
end point sampling times, shown by Figure 5.8, dropped from 0,245 % (chemical
analysis), to 0.095 % C (mass balance) whereas the actual end point was
0,12 & C (chemical analysis), The dashed-dotted lines indicate approximate
confidence intervals - they gradually diverge as error accumulates,

Since sampling times were not recorded they had to be assumed. The
datum point time was taken halfway between the turndown (oxygen off) and reblow
(oxygen on), Final sampling times were ftaken as 1.6 minutes after the final

turndown, the statistical average(8).
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(d) PRLOZ2

The percentage recovered lance oxygen (the percentage of input !ance
oxygen recovered as CO and CO2 in the stack) illustrated by Figure 5,9 indi-
cates the lance oxygen efficiency for carbon removal, Negative values

result from inaccurate time delays and O analyseé. The PRLOZ curve is similar

2
to the decarburization curve (Figure 5,6) because both are calculated, partiy

or in whole, from the stack gas flow, CO and CO, contents,

2
.The particulariy high PRLOZ values around the 14 minute mark can

be explained by the fact that oxygen from slag FeO supplements lance O2

to give a brief period of enhanced carbon evolution. This substantiates the

findings of previous work(s) which indicates that slopping becomes noticeable

when PRLO2 values exceed 70 - 80 #. Figures 5.10(a) and 5.10(b) show a better

example of slopping and Figure S.II shows the operator's strategy to halt it,

Appendix | (1,4,2(b)) contains a sample PRLOZ calculation; the average

error of PRLOZ values is v 13 %,

(e) UNUSDO2(t)

The amount of lance oxygen used for CO combustion within the furnace
is calculated in Appendix | (1.4,1), Although variance analysis indicates
that such calculated quantities are very inaccurate (average relative error
of ~ 140 %) they may prove valuable in eliminating excess refractory wear
in the corbel (or mouth) area of the B.0.F., Values of UNUSDOZ2(t) (and hence
heat generated in CO-CO2 combustion) averaged over several heats would be
correlated with lance height and oxygen fiow, The best settings of these two
variables (i.,e,, to minimize UNUSDO2(t)) would be determined in order to

reduce furnace lining costs, However, in order to use UNUSDO2(t) for control
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purposes it will have To be known much more accurately, i.e., error introduced
in 02, C0, and CO (in decreasing order of importance) must be reduced by an
order of magnitude, e.g., from | % to 0.1 % of full scale reading, Figure 5,12
provides an example of UNUSDOZ(t) for HEAT # 19923 - the total amount

unused for this heat .was ~ 7,000 + 10,000 fTS lance 02.

5.1.3 Mathematical Modelling

Unfortunately the reblow time for HEAT # 19923 was too short (with
respect to delay time) to permit modeliing and prediction before turndown,
However, data from HEATS # 19926 and # 19929 indicate that updating a ieast

squares fit of the form

BCC(t) = a + bt + cfz (3.4)

(where BCC(t) = bath carbon content (%) at time t+ minutes) predicts end point
carbon contents (measured by gas analysis) within acceptable error limits

(+ 0,01 %) 25 seconds before turndown, These predictions take into account
the fact that | - 2 points of carbon can be removed from the time the oxygen
supply is shut off until the bath is sampled, Fiqures 5,13(a) and 5,13(b)
contrast predicted carbon content curves with the actual measured curves,
Detailed prediction results are tabulated in Table 5,2, Because datum carbon
analyses were unavailable for these two heats they were assigned values (Table
5.1) such that the calculated end point value would equal the actual analyzed
value - thus Table 5,2 |ists results calculated assuming no error in carbon

evolution data. The predicted end points are lower than the measured end

points (mass balance) but the fact that approximately |- 2 points of a carbon
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TABLE 5.1

FPATH CARBON CONTENTS

i7d

HEAT # 19925 | HEAT # 19926
I. Datum point C (assumed) ¢.254 0.158
2., End point C (Chemical analysis) 0,050 0.055
“at sampling tTime
3, End point C (Mass balance) at
1) 02 off 0,062 0.071
2) sampling time (i.6 minutes 0,050 0.055
after 0, off)
TABLE 5,2
END POINT PREDICTIONS
0. of HEAT # 19929 HEAT # 19926
itted . ; BCC(t) at . . BCC(t) at
ata Points Time left (Until Oy off) 0, off- Time left (until Oy off) 0, off-
Actual | Predicted predicted Actual | Predicted predicted
4 32 21 1,058 32 25 0.060
5 28 46 3.064 28 23 0.067
6 25 39 0.064 25 19 0,066
7 22 217 0.063 22 16 0.067
8 19 22 0,063 19 I 0.065
9 16 i9 0,063 16 7 0,063
i0 13 12 0.062 i3 2 0.0062
H 9 4 0.060 9 -2 0.060
12 6 -3 0,059 6 -6 0,060
13 3 -7 0.058 3 -9 0.060
14 0 -10 0.058 0 -2 0,060




are evolved after lance O2 is shut off compensates for this., A more detailed
study relating this amount of carbon evolved to the carbon level at O2
off and the time ftaken until fhe bath is sampled, will be necessary to
improve the predictive model.

Table 5.2 combined with computer calculations indicate that con-
trolling the furnace by this method would have led tfo a turndown approxi-
mately 6 seconds and |l seconds Too eariy for HEATS # 19926 and # 19929
respectively; the carbon end point would have been 0,004 % higher for each
heat. The solid line curves in Figures 5.12(a) and 5.12(b) (the actual
calculated data points) can be fitted essentially perfectly for control

purposes as time delay is decreased; thus a shorter time delay will permit

more accurate end point predictions,

5.1.4 Variance Analysis

It must be emphasized that the variance analysis derived in Appendix |
is an approximation (Viz, the assumed variances in Appendix | (1,1.2), While
it provides estimates of confidence intervals for calculated values, at the
moment it serves a more important function by indicating which sources of
error deserve the most attention in order to arrive at more accurate
results. The four largest sources in order of decreasing importance are
VDATMPT, VCO2, VCO, and VCH4; VDATMPT is by far the greatest, Equations in
Appendix | qualitatively show which data input errors are presently most
important; a later extension of this present work will indicate the same
information quantitatively, e.g., the percentage of BCC(t) error derived

from methane injection pressure error, temperature, etc,



5.1.5 Sample Computer Printout

Appendix |1, 11,2 contains a sample printout of computer caicula-
tions from HEAT # 19923 beginning at the datum point sample time., CEV(t),
CEVD, and BCC(t) figures (and estimates of their errors - absolute and

relative) are listed in detail.

5,2 Conclusions

I. A very accurate method of measuring stack gas flow rates, fundamental
to every control equation, utilizing an injected chemical tracer
has been developed,

2., A sample mathematical mode! has been developed, based on data from two
B.0.F, heats, which predicts the bath carbon curve (calculated
from qgas analysis) against time within acceptable error limits
(+ 0.01 %) starting 25 seconds before turndown,

3. Comparison of the end point carbon contents (calculated and analysed)
from HEAT # I9923.indica+es that B,0.F, control by off gas analysis
and an in-blow carbon measurement is a practical possibility,

4, Correlation of lance height and oxygen flow with corbel refractory wear,
using the variable UNUSDO2(T), will be possible if gas analysis
errors are reduced,

5. Earlier and more accurate end point predictions will be calculated as
the time delay of the gas analysis system is reduced,

6, Calculated decarburizafion curves indicate that slopping elimination

will be possible when the time delay is reduced by a factor of 3,
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7, For pracfica| B.O.F. control, *nhe average time (4 minutes at present)

for carbon datum point sampling should be reduced,

5.3 Recommendat i<~

~

l. Several dozen more experimental heats must be studied fo confirm these
preliminary resuits,

2, Investigate simple alternative mathematical models fto determine if
more accurate end point predictions are possible,

3. In-blow carbon analysis must be performed by the |9 minute mark to allow
end point predictions for all heats,

4, Preliminary correlation of lance height and oxygen flow with UNUSDOZ(t)
should be attempted (in spite of the large estimated errors in-
volved) to determine if further expenditure to reduce gas analysis
errors is justifiable,

5. A synchronized carbon datum point sampling procedure must be established
with B,0.F, operating personnel to minimize loss of production
Time, |

6. Various methods of reducing gas analysis time delays should be thoroughly
studied and, wherever possible, used To design a more effective

control system,
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APPENDI X 1

DERIVATION OF CONTROL EQUATIONS AND ERROR ANALYSES

Variable names in fthese equations and the computer program
(Appendix 1) are identical, A variable name prefixed by a "V" becomes the
variance of that variable, e.qg., VCEV(+) is the variance of the carbon
evolution rate CEV(t), When the original variable name is seven characters
(maximum on the CDC6400) its variance name is shortened to a recogniZable
fbrm of the original, e.g.,, variance of UNUSDO2(t) is VUNUSD. [] affer

the equation number contains its location in the program,

I.l Propagation of Errors

I.1.1 Theory

The variance of a function f(x‘, Xor Xz5 0 v xn) can be

approximated by equation l.I(IO),

1

Var {f(xl, Xop Xgp v xn)} Var{xi) (.

for example 1) y = ax + bz 3y . a, 3 . b

22
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var {y} = a2 Var {x} + b2 var {z} 1.2

2.2
var {y} = 22- Var {x} + 9—;-Var {z}
2 z

2

2
=5 |var {x} + 55 Var (2} 1.3
z z
3) y = axz 3 . az, - ax
9X ¥4
var {y} = a2 [z2 var {x} + x2 var {z}] I.4

i.1.2 Assumed Variance Values

VP3 = (0.5/3.0)2 = variance of injected tracer pressure P3 (psig)
VROTFLW = (0.1/3.0)2 = variance of natural gas injection rate ROTFLOW (cfm)
VNATGAS = (0.005/3.0)2 = variance of natural gas methane analysis NATGAS
VCO2 = (0.3/3.0)% = variance of stack gas CO, analysis CO2(%)

VCO = (0.2/3.0)2 = variance of stack gas CO analysis CO(%)

VCH4 = (0.0005/3.0)2 = variance of stack gas CH4 analysis CH4(%)

Vo2 = (0.25/3.00% = variance of stack gas O, analysis 02(%)

VCH4T = (2.0/3.0)2 = variance of injected tracer temperature CHAT(°F)
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VFLWO2 = (600.0/3.0)2 = variance of lance oxygen flow FLWO2(scfm)

VIOTWT = (5000.0/3.0)2 = variance of bath weight TOTWT(Ib)

VDATMPT = (0.02/3.0)2 = variance of carbon datum poinTFanalysis DATMPT(%)
The assumed variances for stack gas analyses are derived from the

manufacturer's specifications - 1% error of full scale analyzer reading,

Lance oxygen flow variance is obtained from a Dofasco internal reporf(g).

All other variances are reasonablie estimates gained by plant experience,

I.1.3 Sampie Calculation Data (HEAT #19923)

a) Constants

Average composition of dry air:

A1RN2 = 78,09 %

AIRO2 = 20,95 %

AIRAR = 0,93 %

AIRCO2Z = 0,03 %

ROTFLW = 12,75 cfm

NATGAS = 0,936

T = 70°F = 530°R

Pl = 14,7 psia

P2 = 57.2 psia

AMOLVOL = 359.1 #t°/mole (32°F, | atm.)

= 386.8 ft°/mole (70°F, | atm.)
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TCYCLE = 3,168 seconds

DATMPT = 0,245%C

TOTWT = 319,040 Ib

N2FACTR = AIRN2/(AIRNZ + AIRAR + AIRCO2) = 0,988

b) Data at 25,61 minute work (final oxygen off)

CH4T = 55,4% = 5/5,4°R
CH4 = 0,0177 %

co2 = 4,2 %

co = 0.,08%

02 = 18,4 %

1.2 Filow Measurement

{.2.1(a) Methane Injection Rate

INJRATE = ROTFLW x NATGAS _
1.50 2. 557 _
= (12,75 c¢fm)(0,936) = 11,93 cfm
Equation I.,I gives
VINJRAT = ROTFLW2 x VNATGAS + NATGAS2 x VROTFLW 1.6( 2. 558 _

1]

0.00045 + 0,00097 cfm2

0.00143] cfm?

il
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INJRATE = methane injection rate (cfm)
ROTFLW = natural gas injection rate (cfm) from Brooks cali-
bration chart (Figure |.1) with rotameter reading
at 100 mm,
NATGAS = typical methane analysis of Matheson natural gas
1.2,1(b)
1/2 v
sF = | 1l.xP2 tJ70 2. 559 ]
CH4T x Pl
= |.84
s sp) _ 1 Tixpr2 |2 a1 T| /2
3 (CH4T) 2 CH4TExPl 3(P2) 2 \ CH4T x Pl x P2
VSF = Tl x P2 VCHAT + T VP2
4 x CH4T3 x P2 4 x CH4T x Pl x P2
[Tl x P2 VCH4T | VP2
4 x CH4T x PI CH4T2 P22
SF2 VCH4T VP2
= + —— 1.8[ 2. 560 ]
4\ ot p2?
-6 =5
= 0,845 (1,68 x 10 ~ + 1,26 x i0 ™)
5

1.21 x 10”



CA\IADA _TD-

‘IEDO

. ~ . . ~ ‘ N
Figure 1.1 Flowmeter Calibration Cnart &



27

SF = gizing factor for correction to standard conditions

Ti = temperature at standard conditions (°R)

Pl = pressure at standard conditions (psia)

P2 = pressure at operating conditions (psia)

CH4T = temperature at operating conditions (°R)

1.2.1{c)

FLWCH4 = INJRATE x SF 1.9C 2. 561 ]
= (11,93 cfm)(1.84) scfm
= 21,93 scfm

VFLWCH4 = SF2 x VINJRAT + INJRATE2 x VSF , I.10[ 2. 562 ]

0.00481 + 0,00172 scfm2

0.00653 scfm2

FLWCH4 = methane injection rate (scfm)

1.2.,2 Stack Gas Flow

FLWCH4
CH4

SFLOW(1) x 100 L.t 2. 567 ]

123,900 scfm

"



From 1.3

2 2
100 VFLWCH4 + FLWCH4

CH4 CH4

VSFLOW

2

i

3.19 x 10

1.57 x 10° scfm?

Relative error of stack gas flow

3 x JVSFLOW x 100

SFLOW( 1)

3.0 %

SFLOW(t) = stack gas flow; dry clean basis (scfm)

CH4 stack gas methane analysis (%)

.3 Carbon Evolution

t.3.1 Rate

12 x (CO2 + CO) x SFLOW(T)
AMOLVYOL x100

CEV(t) =

165 Ib C/min

Combining 1.2 and 1.4 gives

VCH4

(0.00653 + 0.0427) scfm?

28

F.120 2. 569 ]

1030 2. 612 ]
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0.031 |2

100

VCEV(+) CSFLOW(+)2(VCO2 + VCO)

1,14 2. 613 ]

+ (CO2 + CO)2 VSFLOW]

8 8

9.64 x 1070 (2,218 x 10° + 2,876 x 107) (Ib C/min)®

24,1 (ib C/min)?

Relative error of CEV(%t)

_ 3 x VVCEV(H) x 100

CEV(H)

9.0 %

CEV(T) = carbon evolution rate (I1b C/min)

AMOLVOL = molar volume at standard conditions (386.8 ffs/mole)
co2 = stack gas carbon dioxide analysis (%)

co = stack gas carbon monoxide analysis (%)

Since the error of individual gas analyses are specified as %
of full scale analyzer reading (30 %, 20 %, 25 % and 500 ppm for co,, €0, 0,

and CH4 respectively) the retative errors of quantities calculated from
these analyses will increase with decreasing component gas contents. Thus
for this sample CEV(}) calculation the relative error is approximately

double the relative error averaged throughout the heat (v 5,0 %) because of

low CO2 and CO contents at turndown.
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1.3.2 Integration-Trapezoidal Rule

n-
CEVD = [1CYCLE [CEV(+) +2 T  CEV(H) + CEV(Y )] 1.15¢a)
60 x 2 i=2 : n [ 2. 648 ]
= 409 Ib C

VCEVD based on {,| does not give reasonable results (e.q.,
integration over a longer Tfme results in a smaller relative error of inte-
gration), This sugqgests that CEV(fi) are not independent, a fundamental
assumption of I,l; intuitively the same conclusion will be reached because

an individual CEV(Ti) will always have a value close to that of its nearest

neighbours, thus it is not totally independent of them,

One alternative for calculation of VCEVD is to rearrange !|.l5(a)

by assuming CEV(TI) = CEV(fn) so that we now have

n-|
TCYCLE A [ 2 5 CEV(t )] [, 15(b)

60x2 i=|

CEVD =

| f CEV(Ti)were all independent and if VCEV(Ti) = VCEV(Ti_l) for i =2,, . .n

then the variance of 1.15(b) would be expressed as follows:

2

60

VCEVD =

In place of equal variances we can take the latest averaged value of all

VCEV(Ti) and use it to approximate VCEVD, i.e,,

. 2
(n-1) TCYCLE QQEVD l.16(b) _
60 n L 2. e50.

VCEVD =
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where
n 2
QCEVD = ii| VCEV(Ti) = 897 (Ib C/min)
Thus
VCEVD = 323 1b°
CEVD = amount of carbon involved at time Tn (Ib)

TCYCLE= data collection cycle (seconds)

.3.3 Bath Carbon Content

(a) The bath carbon content (Ib) at the datum point sampling time is
HucLs = DATMPT x TOTWT |70 2. 798 ]
100
=782 Ib C
vHMCLB = 1074 [DATMPT2 x VTOTWT + TOTWT? x VDATMPT] 1,180 2. 799 ]
= 16,7 + 452.4 Ib 02

469 Ib C2



(b)

(c)

1.3 gives

32

The bath carbon (Ib) at Time t may be expressed

HMCLB - CEVD 1,19 2. 835 ]

BATHCC =
= 373 Ib C

VBATHCC = VHMCLB + VCEVD {200 2. 836 ]
= 469 + 323 Ib 2
= 792 1b 2

4 C in bath at time t is

100 x BATHCC

BCC(t) = 1,210 2. 840 J
TOTWT
=0.117 ¢
100 \? BATHCC | 2
VBCCt = _ VBATHCC + VTOTWT 1.22[ 2. 842 ]
TOTWT TOTWT

9.82 x 100 (792 + 4) %°
2

7.81 x 10 %

Thus BCC(+) = 0,117 + 0,027 % C
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.4 Oxygen Distribution

l.4.1 Unused Lance Oxygen

At time Tt we have:

(a) Nitrogen content by difference expressed as

N2 = [100 - (CO2 + CO + 02)] N2FACTR 1,230 2. 437 ]
=76.4 %

VNZ = (VCO2 + VCO + VO2) N2FACTR® \.240 2. 547 ]
= 0,021 %2

N2 = stack gas nitrogen content (%) adjusted for air, argon and CO2
content

02 = stack gas oxygen analysis (%)

N2FACTR = correction factor to account for air argon and 002 content
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(b) Air flow into stack (scfm) is

N2 x SFLOW(t)

AIRFLW = 1.25[ 2. 573 ]
AIRN2
= 121,200 scfm
SFLOW(+)Z x VN2 + N2° x VSFLOW
VAIRFLW = X 1.260 2. 574 ]
AIRNZ? }
= 52,600 + 1,50 x 10° sctm?
= ],55 x 106 scfm2
(c) Stack air oxygen flow (scfm)
100
= 25,400 scfm
AIROZ |2
VSAO2 = VAIRFLW 1.28L 2, 578 ]
100

68,200 scfm

(d) UNUSDO2(t)

By assuming no CO + CO, combustion in the furnace, the amount of

2
air oxygen remaining in the stack
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0.5 CO2 x SFLOW(T)

= SA02 - .29
100

Stack oxygen = unused air oxygen + unused lance oxygen 1,30
Rearranging !.30 we have

UNUSDO2(+) = stack oxygen =- unused air oxygen

- 02 x SFLOW(t) + 0.5 CO2 x SFLOW(t) SAO2
100
. . _ AIRO2
Substituting for SAO2 from |.27 and defining 02BYN2 = x N2FACTR
AIRN2
unusDo2(+) = SEEOMUE) re6p(0,5 + 028YN2) + CO x 02BYNZ + 02(1+02BYN2)
100
1,310 2. 579 ]
- 100 x 02BYNZ2]
= 10,5 scfm
2 2 2 2
VUNUSD = SFLOW(T)® [(0.,5 + 02BYN2)” VCO2 + 02BYN2® x VCO + (1+02BYN2)” v02]
100°
2 1.32[ 2. 583 ]
UNUSDO2(+) ) ’

VSFLOW

SFLOW(1)
2

1

26,500 + 0 scfm

[}

26,500 scfm2
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1.4,2 PRLOZ2

(a) Lance oxygen recovered as CO, CO2 and unused lance O2 (scfm) is

RLO2 =
100 L 2. 585 ]

Substituting for UNUSDO2(t)

CC1 + 02BYN2)(CO2 + 02) + (0,5 + 02BYN2)CO - 100 x 02BYN2JSFLOW(t)

RLOZ2 =
100
1.32(b)
= 2660 scfm
2 2 2
VRLOZ = SFLOWCH)Y® [(1 + 02BYN2)”(VCO2 + V02)+(0.5 + 02BYN2)“VCO
100
2 1.330 2. 583 ]
+ 5593 VSFLOW
SFLOW(t)
= 45,640 + 720 scfm2
= 46,400 scfm2
(b) Percentage recovered lance oxygen is
PRLOZ = <92 & 100 1.34(a)
FLWO2(1) [ 2. 592 ]

[1.265 (CO2 + 02) + 0,765 CO - 26,50 JSFLOW(T) <100 1.34(b)

FLWO2(+)
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=24.8%
100 RLO2 2 -
VPRLOZ =  f—— ) | VRLOZ + |—224 VFLWO2 1.350 2. 593
FLWO2(1) FLWO2(t)
= 4,0 + 0.2 %2
= 4,2 %2

This gives a relative error for PRLO2 of ~ 25 #%. Reasoning
identical to that used for the CEV(+) (1.3.1) explains why this error is

well above the heat average of ~ 13 %.



38

CINMINOMONO M T NDWNROOQOHNMITINWNOUVOHNMI DWW OO NMINWNSN QOO NIM I INWN
It v et =t TNV N DN N DN M2 I MO IO D RO ) 3 N W3 o 8 F 3 T T s i unin aown

® © © 60 06000 5 P O 8 S G P GO T OO0 O P eGSO P OO0 S0P 00 SO0 S0 eSS O0E OO Gt
HririrrH et e A e s e e A et e e e e e e e e e e

L
|3V

o~ . .

- ~ld [0 4 [d
— -~ —_— [SW] )
- N MO - (@]
. ) = ad P [ond - | gadd
[l L 2 B TV R O o~ Z
- wo QO3 - —
(&) —dd DL [F VN (¢ 4
" —a XX w < Q
O — o~ el N w o
w [aad AV IR N ] I [PW]
2 . oyl MM [ L) >
<1 1%} —~ e DD < b~
- o N e OV O > O [
- (@] i et > (SO ] Q@
[l . QO My W - ~ .
- w W WOrF X o Q [+ 4 >
[SH < w -l LOr- Z [TUR ] Q <
Z -4 ~N -0 O ~ - v) [+ 4
[ I ok el 3N I zZ O W [2 4
" (& wE = oned T - Wn o <X
0 <t Ok ~e ~ML © X w
(78 x P4 ~ON MTE a v 24 [+ 4
a. L= N~ L W |79}
<I w DX -~ o A= w - a
g o [« N© Ll =« aQ O <
- wo Wik wWon ] ) - w
~ Ww e ik - s LW ] | <
o - N— -~ O X -t L o [+ 4 <
-l - 2Z0 L Lo D S, S o 4] —t o W o -
H NE i — e e O X - (TN -
- [ ] [ 72] -~ ~D A e D [s N I
) > 0O QO o~ MY [T YU pd -~ QO
o (44 uw SO Ve VU - 3 - [l et el talalal) N & ]
[ Quwl =~ O W OJE O [ - MMMMHOMHMIMMON™ -
=2 T Om M b _JWOo [ ] - M A™™MTIOITIMOTIM - =
o w— 2 [ o MW oe WO k- i - W w R N N . - Y] QO e
- T~ =2 Z —- AT 00O el =~ T J Wty ity O rZ
™M wo O X b OTMMITO I I - it < TO
(=} o~ - QO XK b «aX X e~ Z [au e L L D o Lo Lo Lo B N S 4 O
4 L LeVIRRY | o n MY e -0 - [l oo oteranenonna O O
” [a8]- ¢ ~ MIY) S M~ & -« . - LY o o s o o P s, o e Bt <1
Lond ] O o Qb= olipo~ =ML I O L Y e e e e L T T e 7)) O
s | 20 DO ed = a1 O (g e N Nt N 2 e N Nt St et (T 20
Q w <. e PP R ] ET N Y] - w J NN OO0 < .J
pd -4 Od M o> X JWIEOD <I N~ - dedddd JdDDI 1 O d ok
— (e} << Wi ~ONOZ-HIWOT HZ d L = g oo Lta ol << @O
hed i [72] -t OZIHANQOHFW = [s I 70 N QoOQoooOoooE [t
o [ W J wd DN OZ - oI — P A - QCOOOOO0O0OVCOO Oa Zw
(] <1 (S QORI S ¢ QOUVIMMXE o\Wo [ ad Qa O M EXZITITTEZTTTEITET ZQ MO
(727N [l Wit O O o= UZN T ~ T J e Nt st Vot Vo Y s? W Vst Nt ot = <1
<q -3 [ L Z 1O d<TLINM T N P QL T -t uJ o
oo - L D0 O WO O -2z ™ ¥ e OWVOOOOOOOOO0 =0 b=
Ot - CcCnn Z2 ZODO2XET L0 >0 Qo0 C i Lo LI N i alhathallel - 20

1] [ OZNNNNNUWO<IO o K o VT -~ XXX EXrXy Nk o
ro * oD - o\ Z i 2D LD IMNMXYNMNNYMXMNYXY HXY O
< v < QO DD NZZZELZZWPEZ W =W ——-N2ZNOoZ Pl nd dnd e el d ~- (N
[s Tw x 2 QO Z200CQUCOEC —d it L d << X
[(Fa N < qQ x WEIFT2EFE T < WL U-QYE TO000000000 0 wwa
O« (&) >Z EFXFTITITIT T LI N> ZH I AL I XZ
12 4 ol Lr P - | HMOOOOOw O <X WITXFLZ-OWL.OM  cautoisgiuuitdtieius Ouw -
Q. Q o OCOOLLOL O XOXYITHOXHHO™ Iaxxxagxadxan Za Q0

- L B o]

QOWOWWOWWwO (L g QO OV M O 0O VOvoO



39

COLHAUMITNNWUNOONOH M INWNOPOCOHNMINUNOOOQANM T OWN OO O ™WIM T ULWNO O UM Jus
L0 L6 WD A AW W) NUADAD W NN P I 5 N P P 7 P G0 30 30 &) G0 S0 SO0 S O VYN OOV OO OO OO OO0 0RO OO I v Tietv
halalalol obalolal ool ok ababhal o el

i e el s e e s e e A T e A e e e e e e e e e e e e

T <L I <L <I

L=l ol ol aad ol ol

< <L T <Y <L <L <T T <Y <L T <L I <q
-0 OO0
L AL AL LALIZZZEZZZ
OQ0QO000Z++++4++
ZZZ2LLZZZTOe-NMI W
+h Attt O rIriri
OV IO N Q0 b i i ey
Ll l e L L L o e I T I TR T R I Y I 1]
NIl OANMIND
OV FUNVON QO vt v e v v e
et e g e e el bt e e et b el et e

COMMON LSED,
NDATA ,NAMT

L ANK
;A

[sal=gep)

[ LY

~— -~

X vt

>~

P

o~ K -~
[ N
— o~
[
P arl ]
X i~
o3t 2
- >
WX =
P>~
~
2 b
X i~
o D¢
-~
XX »
=€
-~ N

TIME1-CALT IME

et XK L O
-t T e V)
€T o X I <D i
OCNX QY- I
N i

7y TIME14,TIME1Z,F

0TS.EQ.1) GC T0 5
(040,060,S9€)

LOT

Y
=
Zowa z
> NLOFZ e
SV~ O -0
L Con Lo T4 HJdZO
ZXOXOOULHI O
X ARXOOHITIOOW
-t

NSNS

% % L XU
X wZ
- R T
[ I N
OO% N~
I % M
—uJ * ok
= el XL
raiLv =
b x>

C

-~
x» -
T ~N~~Omiia

2 22
OrHOD 4 <

g @ W
QO™ <T~%

Q<L P~ e

wow ©ox

x OXor

WZgowr
ULSRLT2 N\

- O%
Od~xZ0O

D ki~ e

QUWE <

*,I3/74EX,*AMOUNT CF BLANK

xZ <
e~ Lt~
NH DO O T
* ND O
-~ e OL  d
>x @xOoOOow
(71,0 Je ol o [FEE ]
I OND -
>N NIAX O
L T TSV [
SN D>
N e OZ X
L ~ATMJAOCO
PN T
ZXIN O -
«{ ™M [T )
<~ oM OL
* VD OTF o O
SOUN T
X o mN % D~
WX % M o)
Mo o e
oM || OMZ DY
~N T
N
~
-l
I

N>
* N0
[pp]

L
)=
IQ
-~ NC i e
O Lot N O e
12\'1 PR L PN N PR T Y
IMITOTT o =% O
N HUAA O
o Nt gt N [ f) N et Dk > <L
> NZ QO
Lo sl and ot ol o 2 g

D v

(@

AL IT O ~N\

2T ILTTOII L) e\ o

xrxasgh ~O<amMo

QOQOOEZOO0ON Z 1 oF

ki wOoOu il O -
-t O (N0
SR

i



]
WHhOQOQLQ-NMT
L al ol o K o IAVIAVARVIQVIAY)
Labhal o lohal ol ol ol o)

o0 000000
il elrdyivivird

oM. W XXl
O NE
G B T
N e NP
MO HUNY O
= eZR M )
Lt A1 ~ ok O
Il d X <
[Sa = STAY Mg prg
bt N ok L I 1S )
QO o~ p—
o% ¥ N QL
X e -~ X
aIaQx O [ ]
> od OF

N O UL
NOND> U -
MZ el &
[ 154 N
WO O
W3 e % -
o HHOZ «O
% e v <
N *» I
H e ~NONOD
* odXl) i
~% MUI% Y
XU DOwWD
MNZN XV
TN U T
MNP~
O¥ k- =
QO O 2%
NO I O o~
0 XM
] % eop-ID e
D Wi AL
~ Tl XY N
[ e al Y S
——C 0N o=
o b~ Xk e
Ow %o M~
- NI uw
Z0Q b=\ o o
T ONNE Q
Y <IN MO
A VI o0 o% 2
X O~ Ol
[ o¥fa JX -1 222222 - 21

40



41

FONMTINDONMROONOSNMI UOWNANCOQYINM TIOWNOOQ -OM T UV QO OO ML IDWIN QO @ w1 (M I U UM

LR a b Dol oL Do L e TSVTAVITNY OVT \WIGNT VT VT NTANT T T BT oY, T T, o7 T, o T T g g i R JRC 0 T TTRNT JTTRTTRN TRV ANT S .

® ® @& 0 @ 0 % & 0 ot O SO S0 e e C O O OO O O OO E D OO S P E OOl e e eSO e

[GVEGVENTA VTGN EAVTVEGNT oV TGN EAVIG VR QNI GV E G VEAWTAVEQVE N T QVIGN Y QNI G VLo NToVEANToNT G VT VEQVE AN IaNTVEQVEANT VTGV oV TN LAV { VR o VTN TN o VTN Y GV o N TAVTA VoV TGN 1oV T o VR o VEAN V]

(V]
L >
[QV . )
(@] s}
VN
[+ 4+4
Q. w
-
O
L wd
(D) &
[l ® 4
ol
[70)48
Z0Q
a2
L -
(2]
Iro
~
(e} ]
. gs0]
-~
uw >
ol
O
z>
vy »
D
NO
Ow
vy -~
~0\J
30O
ju af o}
Lv)
no
nZ
[en b )
O =
nx
~)
N
o
OV~
o) X
-Z0
[ 7s]
VIR S
o xm
[ aliaad 'Y
Z
COZ
[ER] &5 Jus )
[2a] )
L = =
Z>0
b
O
D X
Qo
[a ]
oI -
VoL o)
>l
O\

IT IS RESPONSIELE FOR ALL CALC,

CONTEL IS THE MAIN SUBRCUTINE.

DOFASCO

1)

SUBROUTINE CALLED BY!?
SUBRCUTINES CALLED?

f

oxw v Zv
HZMD = -0
QOHZZT OO0
L AL IND S
W<t o o woa -
XVIOIX Z S

N S I g, TN g, TN
HAUNM I INDNONDDO O
4

L] [am ] L)
-~ . [T7] >
LN w - w W
o> V) L IR X oo 45 R ] |}
e« o o o X elu»> Z> woZ & W
= o= p= = -t WO >0 <3 -
e~ X o W @xo WO QOX o [l o
-~ oegl W oW MLQZU »>ul ~ £ - Lo} Ww e
L on P o B o T ] o XX xXQO e o e =~
Eqwa Q < QI X L o < o -~ O w -d T
0 0O 0O Ve > O Z WX =0 e~ ) . D~
[v1] ~ e >0 Wa QUO NOM ¢ I XL o< [SY &)
Wi o> > el D> Z><I - 0000 .20
OQFMe~N DO < <IX~ QU O LbLaWnND >am
- X o ~ QI2Zuled T o LJOWN er~-Z QA W U0 WO
X oD o> o o QA WErpi=(D KZrli~ w Oxddad O
[G5] Pl b W ] e * - VRVSITFITN I TN e R ITS] o o P2y wo u )
HOOOYOXTO WO WEDO WO X< W >0 «¢Z 0k o
WL EQC Qvwlzu UVWW L ZDL — O W w- Ze~
w WX 2> 00 wdag v w w O VW
LWLQQZOLOWHHOOOOUI D> J2ZVId L I NIOPUC =P~

Ok Ob<I i~ OO0 it~ — O HWIYXOZ Ok <aHZW0
O O X O ¥ u g OO0 Ol OQO0HOAX NZ-ITO0
QOO0 > 0O OWwl WONX W00 WZIO-KOm-O0Z
WKL UH LXMW 2 W™D 2 OwiY D W o < 3 D
QOO 2Z W2 WO HOQJUZFULWZ >DO>u 20
X ¥ r ¢ OO0KOKMHW WO WIWOOD HJIZIAC OoOwom
VNWLNWNWNLVWW-W > OO0 O>0Z20Nn.J0oui- O
ASDADIDADA XU U Z oI 2Tl WU Y ZWZX+
Q O O O J4 O O OoXxZu Z ZZOw OV Q=ZO0~
XOXOXOXOXDOWOWO « OwWOOW « O XZ D> ZgGH D
O O O O VOO O 4 HOKQOF I WO O OWru I~
<q o<l o<I o< oI JTT oF oFXZ Xl XIHU-IduwW-IIuwaoZ~0Q
= 2 e e D D LI 2] D WL WA NUWLCE I dEO0ODNWIL OO
NEZNEV2VIEVIO 2 JE 2. 0L Y<{U < Ol VO<MOOD0O>0 0w

| IO O O T D O T 2O T T I O A D | [ B I | Lot 14 U I A

]
N
70} 2 4 o w

[V -4 AV L} L Q [Sh S 4
[aV] < O < I o <t o um >Z W
QO X Ny X -t —d v >22OW- 3 D wo
OO0 Z 4 F 0 ¥ooX wWRxw £ C OO a
vy v vy Vv UV e 4L Q. Q. Quwik-uv) O >w O
-
[%2]
=z
[
-
P
-
P
4
TR
L
Ja
Y
<1
o
8.4
(=4

OW O YOO O YOI OO OYOWOOOYOIWOQLUWOWW OO OLWOWUOWOLO



42

VOQLHIVMIUNIWRDOQHNMINUVNDOQDHNM T UWON QOO ONM ST UV OV v NV ST U WM O OO M T U
VY W W W NNAW AWM WA PN PR M PN 1™ A e N 00 00 00 00 @0 OV W O OYOYOIY YOO OV QOQOOWOO O vivivd v vivy

el alalal ol ol ol ol ol o bal ol ol ol ol o

® & 9 6 ¢ 9 o0 O OO O O OO PG 90 e OO O PP O OO O OO PO PP PO OGS OO e e O e ® g s s e S g

[aVIAVI\NEaRY GV TGN VT VY GVT QNI GNE GV T VR QVEAN TGN ToVEGNT oV OV T VI NTQ VTGN T NE Q¥ T o VY QUL AN TGV EAVEG VLGN QWE OV TG NT VTSN E QVE AV TGN 7o W7 (VSN TANTOVI G VI GN TGN TN 1o VLoV TV T oW1 Q VLoV T N T oY)

.
(18}
T
<L
[+ 4
[P
e LNO~~
b e
bt M)~
X XTI e o
~ eNO D> >
-t PR QI
N KN
W~ uwouwoowr
ONOON I
ZOZ~ o
WZ W<t~ Wil
bed DI OO LD DD

HOFWN <11
LOWLO~ XXy
Z Z ~D000
O 1 00O
Q O~ NVINY)
-~ OO
IO D>
W WO o X
QOIS T T
[+ (& Jeo ) s W an ] & Jorw rto v
DWW IN~-QA. OO0

oM
wiuw
bt 4
222
DDOD
jouTan )]

L OkER
SDFR

ARRAY STARTING ADDRESSES

WVWWWWWW
LR EZLELZLL
el =t hoed bt bl Pl i
o e o o o o
= b b e e e b
COOQOOO00
I O Y P P
aQaacoaoon

Yoo
LWOROOL

blbuuul

Wil il bl
nnunnuvmnny
DODODDODDD

Wy EQU,0UMIE1L
IR ,DUMIE2

DUMIES
3
S, UPPER

o
wnx o
[sm] ]2 4
N agF «30I s> W
OOT NI INZZZWODEINK
QOO0 UF-Z0000Z2000
VIVVvVIFrFLI NZLLZ>20Q . a4v)

L I I I N I N N R IO B A O )
O F N OMN O POENIM FIDW

©0 e ot b brd bed et e bt B v v e e el e

et b g =t e d et

vl

g

V7]

o) nv)

o~ Q) [ eLiilnd
I (15 ] (PR ¥y )
bl e ] U PEETs ¢ L= Qu)
> W QKL OO o
W<y U <L i
IO OO >0
-2 XaXtZwz

-l L L D b O
LNICO >> Qb=
O < wv Qo

[l wL>u0) k4
i~ w W OwiXxWwix

TOLO o L IO
A-OR Qe Z0Fu<an
L> vIvIO O wWLo
W D LI = ¢ DD
WOZTJZX-HENNOW
I <SODHIGE I <
FLZI>W it << o)
O N wWw>>Jgw vy v
> WHXw > JNW
MU ZHAOWHOT O
OO Ok kXX
0OZ O~A00ZavOrLl
WAIVODcE il W
W -I O W WO
OXWENZOHY OQODZ
29— QOZW > uwik
wW>09CQ uIZ-0OF O

O << NAFO0 <a M
X ODOVIQUOIX »Q

NI~ Z U WO W>

e DO Pt Xl
woo w -0

[F8 ) WL IO U Z<T>
- N ZO w - m

MmN W D ww
<I>NI (7 TGRS 404
— L O ZL>W
x XXOZu. [FU] o B
<a>» I U -
>0 W LI OW
£ _¥D P |

A2 I [72 = VN[ Y]
wZuw>k WO D
wx W wd wd =l O
Qb 4 o0 Ml < <X
Lt O <TLO>
WlaZU: ey () [\%
QI IO O'Z <t
Z0UIT I L 2>
<X - - > W

s O k) e s Qb
xXx4004ax Z O
<ql ZZI [ 172]04

Sguwd=W << DM
W - ]
R0 s Vs T PN [0 ATV TR
Iax<aowXT Wiy Tt
X220 O >

-
-~

A 4 -

wy -~

< — o,

<I MON

- o ad V)

- - =& —d T -~
Ao~ o~ LQOWoO —
N &£ (85§ &5 o | w
—~ ZEZ -0 -t
2 N LK o BN -
-3 W -y -
N~ - MM oi w
QO X N e et [&)
Xem D -~ OIONN & X
L L N T -
W~ - w  _JUWIM e [V
~No e~ Z WD -
-~ £ L QO -~ -~
LD o~ u Oxr-o W
~ el W X ek i
Ne~2ZWw O S -t ~
2% O M e >
n-orx o Mo x
o) e~ TN = 4
~ALING 1IN OV~ - -t
Z0O oo w _JuUlN© [V
~ eemoem L WO -
NmZZ W QOJd e -~
Q&> u QI +N . 0
N> O X ek L al
sy wud O Lt i) had
~—-O X o ~AM D Py ol
ZAD0 & MO~ ow
Yl ad BN YwMON - oL
X o w O IN Qi
ICZ~ @O Sl a0 ] nd
O erZ O~ MmI
NN~ AYOO0 T haadil .}
LZOXZA A0 T -+ XX o~

(AR Z~ T N B X
Z8NA. D o0\ s M Y et
S I DU Qi) Sl N\ M)~
QuldZDULODM~— aN— Ui
O D & e~ N WO D L
N osmama™ o QIO W)
N o Z T I DY w2
e Z e MOWAZ €O T
ZZ~UNM oiQOZH-HZN\ND
e EOUWaA~O T NN\ XD\
NITOIZIHOHET WAXUNX Q-
QT dDEAC TN
QOO INM IIOUCOH>
N NOOMO A~ IO
OO0 WHO
ZZT - ocC
CONWNNNNIN

- O
NNZ20QZ2zZ222 2
Iy EZTIFTTIEIZT
O CO000OCO
Q00 VOO

L alaVL L R «t

DIMENSION

COVOLWOLOVUOULOWOWWwOWOWWOWOW—OWOULUOLOWOWOWOYO



43

WMANOOOHMNUMITIUNWOWNOO O ™M INWO OO -SNMIWMWAROO QNN T MW~ OO NN IVWN OO O WM
4 T VDO NI OO N IFI MMM MDD I M T ST oF ST F T3 T ST <T U D W WA B S WHLDAD WD A OADNAD P M N
Lo Lok ol ol ool R ol oDl e nl al ol al ol nRul ool ol ol ol ol al oD el nl ol ol ol ol al ool ol ol o R ol ol u b ol ol ol ol ol ol ol ol o h ol ol ok b ol o f ol o

® ® ©® © ® 9 0 00 OO P D GO O P GO OO O O S OGO 0PSO SO E O PO OO SO ON OO N e e s

O OO OO O OO O O VO OU OU OO I OO O O SO AN O OO O O N IO N N N N DT VO OV T U N I N T I O

L.

S - (73] =

(U8} 4 - [ ed [s ]

uy *i <1 <3 [od 'S .

bd uJ - @ [ Jaw | w

- x w - w >

x [ ] < P4 <L o

- 4 - A 0N - . » o

p: - N g - L0 L4

w 4 - X 44 o~

o -4 < 2 - [ & ]

[ YV ] [VF) w < [&] nx O w

-~ 4 x -~ O < 8] o2 £ Z

D ™~ N < X [TH Z e B Lon B |

-E [ I V] [ QN o uw

~ Q. - 3 -~ P4 o] <[ b~ X W

>0 ~ ~ - @ L [ I an |

p gL w ~ < Q Q ~lt » -

ox -~ Z n - > [ @xxTw a w

(S]] ~ - W -~ z [FN N ] o L & X

o~ » R e == R VIR ¢ 4 w EX Uik w <

o~ [ 4 -~ u €L pr4 Wik W W | ad

OO0 o v o wi x -0 X «O T O

i I = O o - - X oz I <

- 2 W I O - I & o » -~ W

-—>X x ¥ © o LN =X oY (v e - Y

OXTO o e -~ O | e LI [72]

[» PR of oo -~ - - L S |~ S ma X0 z W

CXLZ N~ = w g Z 2VOHJJ I =

QQ = Lo Uy W Tw X I s ]

LI 4 [V . [TEN Ty V4 - [ SN 48] (S - §

OO~ I -~ Z O -~ X QO » w <

-eZN -l - O Me = Wi oy o a A

- o > L C - QA s-EZ M (%]

g ook ] ~n 3 < -~ Z ) NN O O o Ir ~

0w S T Y MWW v NI i N WL QO =~ A~ o~ S

NQALZO [ AN . of - U < QI X < - - 2N <G T

O3 og ~ 0T L WO X ol X Z @ I I 4 O I o

orNnx ~ O N OX g X M QO X Z W O =~ O -

a0V s 4 e hal w omnuaXxX Qb= aZl =« [72] - Z Z O Z Z

~ (D) » uw MIEN o AN ZO N ZX -t ~ O L) - O - @

W Zoem = Wikfen L) ) »nd L P 0 ageis Yoo ¥ | - - bW -~ - a2

0 a0 AY Tt o OO Z » [alan™ ok * T Z2 Z2 w O - 0O I

VBN 2D -l e P T dgey » o X = = W ™ W L (¥4

—~ 40 o~ =My NNZZWNE TO-X W I - X N T O =~

Qs =~ el el W - (UL L N — « vy I J W O I <3

QTrZk- OMLWNWEO bl OZe ol N—-2Z 0 - > « L O O O -

NI &I kTN Wil o —OZT g g L - ~ « O o > >

OV WOA X HKY wZooa x> ST w &x I > > o > X [+ 4

OFIXTZZIXUWHFRYD TOXO0 »gX wXaouw I ¢ uw ¥ X > X I o
Z NNWNPF s OO0 & U~ I OITLLZ g Z2 X NN X > I
NNOQOUNI-NUWe s am s ONWD o~ o~ g 4 O O X O [
OO0 JAWE L\~ —HIZZa o~ o o o O O o b O O QO - o
Z0d>Z - IO WS~ w1 TN Nyl L W e N W W (D
ZOU0C0ONKHFFON™HYwIHZZ T X rdrdvl el et vl vl 0 Z0;n M
OTDmLOTGNKKFPFFCHA ot v vl vt 4 ne T o el v v OO oMo
OIZ00LA>2Z2u T u.ana “"nnenn X O O G C O O OO0 ee e s e
A S GWEIVIG Y- - = ¢~ (VST 3 TFITY Iup-igy 3 Gy Xl XX W 4 G4 g a4 goanNnNe _- e

NN W O O N XN LN ) WWOWNOW WO UROLINT N AN W

ZZ2ZZ2LZZ TOOOCOOW I Nt N St St Nt OOV Y =X O NN I |72 BN TR IR Y]
OOVLOOU PN (4] i W 1) 1} - 1} T Ol o C
LTI ITE da3aAddI I OQO0OO - Heed RN =T S A0 L2000
FTIXETZITZX bWk <X < LTI <L b W e e QO e O JZTEE Yoo

OO0VVVLOL AT L TAZ WS Lusuus uus oy ITIXIALAOIOCO<T-<TLIuiy © g
COLOOOO0O QOQOIOOHXKKX oy T FZOZ0Z0Z20Z0Z0K - Oaaadg
oy ARl —



44

THMIWNUOOVINMITIUOMVA QOO -INMIUNWNOOQ M MW OO S NMITOWNOOO MY INWNOOVO ™
PPN A0V OVOV' VO OVO'O OO0 00 G v v v v v v v T s IV IV OV N VNV NN RO )
Lalalalal o lobal ol ol ol ol o b o Lol ol ol ol ok oLl o Dol ol ok S IaVERVIQVIANTAVEANT GVEANT A VEART SVIANT AVEQ VYAV A VYA VEQVIAVIQVERVISREAVIAVIAVE QUL VIAVEANE S VIAVEA S

® @ ® ¢ © 0 5 0 500 0P 00O P T O S OO O P O e S OO O S OO O SO NS OO OB S OT OO O oS00 e e

[QVE VL. VTG VLG VTGV G VT AV A VEAVT GVEQUINV TGN T VT VTGV T VT VE SN TN TN WISV SN G VTG VT VIO NT N TN T G VY AN G N T N NGV TAV YA NT G NT G VEQVEGVEQVE VIV R AN EaVEQNEANEAN JONTO VGV ISV GV o VLoV ]

CULATICNS,
LvoL

-~

e 13V}

[3¥]salm]sN

M T

nwe W

O Ml
JOOUZT +

) (DO

O NONJIO
% O 2
Z2Idoru>w

F MOLECULAR VOLUME FROM METRIC UNITS
S
E

OO <
< WM dedd i
SXDIODO
DLWdIt 2O
R e T
AL OJ0
QI IXTOXE
OavOdETa

W (&)

I
O0
- e
[T TT o}
XNV

il
O H-
-z
- g S |
O
X0y
<IOC

O\l

AY TIMES (SECCNDS)

AV S

Z>n>nWw
L I > <L

[ ] O o}
NOI DX
QO0Od N
LOLOOX

oovw

QO»
DM <TDMNO<ITH O O D<)
L ONTIN ONH % DT\
MNDON Uk A~A<ITONDN
I o NANDODQOAQNDO o
e N\ DOUHHOMOUMLNTG s DO
QOIS oD o o<IMNIDNDOD o
OIDOOIDONAHNDOOOOO
O avriw \WwwMININGD O~
DHO> N I o0 elNyww i
(DO~ () o>/ & e || i} b~
il ol & UL O II~OO || N0
M\ PT o TRT SIS S O JTHONTER 4 JTH J ik 9%
DNXrEX N TS S
NOEZEZOOMO<IOONTIT I 40
VIDLZITWnUNA X Z00000uWL -0
LA DIDIOOIODOOODD>

VARTANCE VALUES.,

OO

ED TO ZERO HERE.

oMo
NOOOQOOCOODD e © ¢ ¢ »
dilt ® ® @ 0 06 0 8 0 P DDODDOCO
dOOOOOOODOO ) | U

S USED FOR ANALYSIS OF COMPUTATION TIME ARE

L

DU PN DT
QIO I ST LA ™ Q0 OV i ot 1 v v
= L L U LU W D L L W s L Lo
KHEIFEXIXIFXFIT2IEIEE
€Y ZZ bedh] =t bomd b et e et b b b e el
b e e e ot o ST S S S o o

QW



45

NMIT WAL OVUMTUNWNANOO@QIIINM I W VOO (N MTUNUNS OO O NMT DWW V2NN J VWO O
MIMIMINMMININIT T T TN TS T T UG IO L RN VU W N W AL A NI A D WD P e NP D 1 1 P N 00 90 60 00 60 00 @O 90 & &)
[AVIANTAVEQF LA VT oNTAVEAVTAVIAVEIAVTAVTAWTANY ARY oV VTG NTAVESVEAVI AN Y A VY ANT A VT o VEQVE (VI QVIAVYANTAVI SNTANTOVE QN EANT A V3o IAVTAVEANT QWA NT A VISR T VI Q VIR VIR A VIANEAVIAVIAVEA R4 TANT]

® ® 6 0 0 00 060 0P B OO OGP GO P GO OGO OO O O P O E G E O OB O OO P OO SS S0 E S SV Oa e o0

O OO O O OO O OO O O O O U T I O O O OO O U OO O O3 O U 00 O SO O A O AV AU U AN O NSO OV NI S T U N O S I Y

-

o

(o)

Q

¢ 4

-

<I

+

[v'4

<T

-~ @

o (]

L4 <I

o -+

“ N

Wwivt =

u* o

[an P | L]

wo <z
o> hd (=) i
[ [0 B} N W . -
oI TN A COO <{x
O4E o D ZOOW o o L
O in Lyo>mooo Iy
(=]~ OX O OO0 O hn
L2 W= ¢ O Ot ol oI o~
Lo HOFROOMXNM I GOMON Ny
na Wi—X0 O HOC I 1 DO~
mno Wil JE o4+ X0l 0=~ 1 §| O
v O Z T O JOALONVGV LIZ LW
wd WXOFHAWL<O>O X W W0
=X Ok 0L >»O g Z LI
foed et OO HH 1N ONO <t U V) S LY
[ ol T QO EZ 22 XU JZ2TD

HEATNO(g),GRADE1(1) yCRADBEL (2)

1
’

[on]
- ©
~ - O

~Z 0N
LYOZ v
HEOMDI

(T8
L.
—
. [
w -~ “r
> - [A¥]
o - o
w v [
<t < -~
<3 ~~
(&) - -
{77} [ ad —
-4 X 3
= - X
'S -~ (&)
w -t (2]
[mn] et -
[\Y] P
[FY ]} ~O [}
[0 4 [- o3 3 bt
< il (W)
il (8]
(] - wm
<t X~ - |
w X -~ b4
@ A e i -t
o - o
(72} wo [ AV [+
(] - wno
-~ 20 =
<l o~ pl%) =2
- e Q- (o
< bt <X <x
o - * Q
oI —~ o~
I o el w e
o QW ~ 0\ A
— Wi » i o] - J
X o~ I = I
= - ox [l )
[t nx g <<
o o ([t Tw
— [ [ ] ~ — U
Z v Xy -
[l Z s b = V)&
o~ OI-E i =
v o) [T 0 4 [ § VU] =]
o~ N VI~ >~ JOX I Yeal o)
<T<I wZNO Irm - aQ
Yw O ZIOk- QO e~ =N~
[0 < > g — e (0% 1 ~O <20
< 175175 PN ~ i o O oy o]
- O o~ V% LW o - «CUV) & b
O~ O O LINZ e~ o ~COuWIZ0 ~Hus
<qZ i - SUIFCHOLT T eI » (ol W ol
FHOZ~ <« HZ AN~ O IT ofp 4t pag DT ¢
IXZ o Z -~ b A =N AT O X i - =3
QOCw ¢« X Ned o <IN AT ~ <X ]
~OH X WO OZT = Uy o QO
ZdllFOM O WX o T~ zx
=OW) [ —HZWN) e bt HOD Z [ R lon
W OHOW g N>~ ™) -
Q iU o~ O~ O~ (i~ jQ ~
L=  ¥¥ O Z - <X W o rz
WA OUL OO i O T Ol L. T w =<l
[ g ST LT3 JIGT T Ted o od ol S d T o ST (o272 ]
-4
N

OOWwos



46

QHNMIUNLVLN VOO VM T INWON OOV EWNMITWDWNSN OO OCNMITUWN OO O NIM IUDWN QOO O M T DWW
O'O'OVO' OOV OL OO OOO G QO TIvt v v 4 v v v ¥ v VIV OGO OV N NI M MO MM MM T T I J T
VANV OO OO N QNI FOIDPO N RO P N I NN INIFOI TN RN PO NN NG NN NI NI NN N PN MO NI RN NN

2
2.
2e
2
2
2e
2e
2
2.
20
2.
Ce
2.
2e
2
2
2
2e
2
2e
2o
2
2o
2.
2e
2e
2o
2
2
2o
2
2
2e
2
2
24
2o
2o
2o
2.

P-4 w
= 4 =z
(@] ~ e
[am ] P 0
= [+ 47,]
[s'4 wo
> -2z
— wo

(] ~
- w) -l
(7] ow
[v'4 [and (@]
- -~ -
u. e oM .

© % Q

Loud 0 6]
Irx -~
[l ) N~ ~
<X [==] L~ -
L) «~ - -4
<X - = ° -
X o) nw (e [yV]
-z ~ - (\N] xul w —

w e © -~ o> . o~ -
vits ™~ —d T Y] (=] - hd
wm o~ Q - O d ~ - = e~
[ [~] =~ Qb <D L) e 1%2] q <
a<a . XTwo OV~ C o NI -~ X
T ~ [=T\V -E O (Lo I . e o e o, O e e
4t - s - oQ . [N e o o L

w aon - LoD ~ O~I~ JITT Lt o~
x o} [ ] <I i (] owNu @ =
ZH D [o AR oM e owm = (o] NOVNO Il esp— -0 O
X b~ [} < Ul =— - - . HOHWNA~AT U = ~N>r Z
D [ "~ oXVv L “HauMmC i s N g~ - NNO O

ud = D Wl o o PR IIRIPEI Y Y WOWW kT T T FWN HE-LD0
2 -l ZOx D Aol ~O vl 2 D tadpe- 00 O D b oD IFHITITIH~HIST HZ DLW
Z nHHZHZ HOQ H ZZU N L- Z N¥ H Z e~ N LI NZWZ D
e (o ot ) (o} e 22 2 N TR T T B VT ] L O P T il Ol ™ i~ et OV Z ™ 22 O™ I

=1 et WG =~ = (= [SVE N AV ol ol e [T g ikl )~ PO T~OIT I Z2N0O-
23T n i =xXZ ZNu O M ZZAZ L Z3 MM SOOI NZXT ILZI I N> ZT
ONMNZO HIOUWOMZO O H ZO0O0 O ZU OOOMHOMMFL QOO0 I OONMAMZOO I
QIZZ 7D —NOHHOZ™W MHHZOOOO - WS OOQFHHOOMMONONNLI-OQZZZZF00

O o ™M T uy
OWOWO M~ O\ 0O i v OO i «~i i - OO

5



47

WO @ INM I UM OOOVDHONIM IO OO M JF UMW Q OV QO ™M TN OO QO O T WO N0 0V 0 D T Y
T VOB UM LD LD LD W AW W M NDAD W AD NI P N P P S P ™ e P G090 20 60 S0 0 U R WO YO OOV YO OV OO OO0 00
MIMINITINININI PN NTINIPIN PN ONIFIN M INIMIOMNININMNMNIM MO NNIN MMM OIS T3 33T

<
zZ
"
w
. -
~ Q
x > .
[ 18] wh
. - P
(€] > o~ L]
w << > -
[ o] ot wd
N~~~ wo e -
X~ O oN [72] umuw
Or-tliled () e~ e~ >
2K Z b o~ [manhnba B 2] (=]
D2DZ x> Z nen o -~
w e ™ d DO~ —
XUty -0 : e ovi o (&)
Q2T 5 VWOOoCO O a -
[ JTT @] wi Z e D & [
[Vo]s AEN g [S1&] OO e [
ZWE » w o [« QNN BTN (7210
<L) > WO o~ Wl
-t & -Z = L= O nxI
Pt <T P Z oenean >
ITOO 4 20 200> -t
Z - [l &) OVIZTETHHE <O
Ow I O = ZNIX$ ~ pgrd
Z o~ o~ o> WZ IJITr>0 <1 <
OV <L -t o (o] [~} QU220 -
o IO o] 3 ° . Quwd ™ 2O & [%2]
N X oo o o © — o e O a «
17, Yo 1 O " " " O "0 ox
TOUZL (&} -~ - - -~ nLoor-a o
wdZ e [7o 3 ) - = (] L. —ZETON X
W2 0 >N hnd ~ ~ (V) -t d L O O
w0 O O [3¥1s ] Nt - OO0 0 <X
X O @xwm O Ol oN -~ > & o0 = (Y]
ITilastad » X = X x e 4 = N bt Ovdad o wno
[T 28, J <3 O P [ ] -dO h"4 [\Y) drd ™ avd o M~
0 =X I w - - L haad -l Ottt oed NO (G NI TR
L aud ol & L™ ] (] [ B ) " (&6 ]
NS 0 owm - -~ - w [ aad OO0 O ow) Z
O 2. o« L = N (g V16 (AT ) [ e COwLIL —r— (WY -4
n>0C Z0 (] o (@) ~ [en) wonNNe N (o] Z d
L]t 4] [ 1) X~ o~ Xom 4 o 0 & sl e O <
Qi - [72 =S -l - & o [ e } = -~ < aX T o\ o | ond
O s < Wwe @ U e U. e W e <~ - JTOO oo
NHO N L I st - -0 -0 -~ i WXL O00 —~— [& ]
X WO WE -0 Zw LI ° e L3 (= B | XZZZZZ e o
N ORI b O X Ll TV ] - [l 91 o i e [« L N N ) o e -
QX o UV~ 7217200 g | -4 —~Z N Z (TP Y Oririvivrivt oo L
QO U™~ o [ et ol 3 LIS LI M e - =2 e~ O~ ous
> [ w 1IN M e Z o~ o~ . LTS + o o [&]s%
LZ—O0om Dw omzZz MM Z MO, L T I ] v on (70172171751 721 Va1 70 B V51 V5] T
v _ oXZWw=z DY Zul e ~ e N ) - Zk e o -
>CODCIO 0OZ O vty - NN pzal JU VI o 00 -~ QCOoOCCOOC o -
Tl OO L OFh +00LIL ) =HOQW HOOWZ - QA ol el eed e e N d O
Q= () =d L= L) X WrrHIXZOD e XED O HIIZIOUH A -iwh XY NS aaoodguoaa >
YOV V) wx wnit | S ZZ [ P N P-4 e Z QOHNWnNO ~ i ZZZZZ 11200 [ANEE)
< lJ ™M (] SO TULHHFTIO | Lo Ww e ZUv, £0Q Cowv. wJ Vi Z & =
T d i Pt R INEE S IAVE i nod el [ o T 0 hedd Sl TNV Ao g o] N e d ™ = () V) ed ) e wad = e et .
WZX Jd3 DLdAdE =Z Z2Z0 Z - \V] Zzv O g O bl ed e ol O i

IO MINIHO | . OOMO I LU OYOoLLOZ [T T { TR &I TIIS 3} T I I IOU WL WX
| ad o SI6T g &) OO ODDFFHOOZOTIFFHOZOMHOZ O OO OLQ. =O0O0OOOQ OM -
. 4

Wi [-oX0 )] (= X o] N ™ ~
C(C CrLrl 1.1. 1.1. zvccc zeccc 2 C(C(



48

WA QOO NMTDWNOOOHNMI NV OOV ITUNO N0 Q@ I NM T WO OYQYHIVM T UWO N OOV 0
[~ ={=d -l alolal o Rl ol ol ol oL o FSVIAVIAVEGNTGNVEAVIGNTANTGNIANY b TP Y ST o2 o 1addop T PR T s B o gt i g N, L B g B JUST TR TTRTTAT R TUATTATTATVE YV 4 IV SVELVS)
TSI T I I I I T T I I T TSI TN I I I I IS T IIT I ITIT I T I TSI T IVT I T I T I T IVTITTIT I ITIITITITIT

® 00 0 © 00 0 00 00 0O L0 C OO GG 0 00 G 0O E° 00 G e PP e N P 0060000 00t 000 e 0o
O OUO OU OO O O OO O SOOI OV O AU O IO O I OIS TN O O OO OU OSSO AT O O O OISO NN I I N I N N I N U )
L-§ (A V)
[« 4 o
() V) L)
- - it
-t - 14
- had -
- L S [
[¥¥} L <
[ (&) w
<< v) w
[+ 4 - Qa
(S} - =
Ly - i
- e [ s
N Q
<t b [&) 7¥]
o v) <~
[72] -~ < ~ [y <I
< Ll | aud L] Lad X
-t - -~ e « \V} W -
-~ - - wow - - wi
W ~O e - [ -~ = - LN X
W «O [ =] z L} = 10O -
O o = . Ww o~ b4 wo (78]
w — & [ v ~ o -
() e =~ - W~ Z &~ <
S No )] [=] u. O w! Lal BT ud
[oaNeal o ~ w = | aae N~ -
[72 I o o IR oy Lo T L] Ly ] 2
Ww ~ e - Q <« (7 4 Lo T ol (&)
x XWwx - wi x L et (&)
D O XZH w > I O~
[t [ N = [a0] —~ LIV 2]
< N an - - o NO -~ <
X «HNZ - - O . ~“UO = -
w o< 2 < N Q * + vl
Q X _J X [FURNE o] [*W] -l =z e
X Mo~ [ ] - - . o~ o 2
w Zu T gl Z x L —-—Xx0 rxT
- .~ an - O X -~ wLoxYz U
e X ok Lol QO W [on] Z O Z-
(7% "~ n n - [} - ) - [ 17V ]
Z oo (= Z w X = <+ L~ b e
«Qq U e - w - Zud <Y o= b e
I oo o o o O - [ JIN O ous
00 1 O QA O x * -~ -~ <Q
w ot X N X -~ Y~ [7alen} g U - <X Z o~
T Qe 1y o LJ [ae] = =y WZO DO 10 = Ik <g <
MM - M [FEL=¢ bl L] o=~ ST OO~ Ljll T
Ow 2z ] < + T ZITO -t % X e—HUION XX 2 X o~
ZEN & o~ L PN -~ — e wdNem WO~ e i O ~ o o~ vt
LA et o v - w+—o Uik 1y O~ N | O = A Z e o - —~ e~ vt e e~
PO O~ WWNZ 1 e 1l mZ2OIUD =} D~ vt v Lok ] St St St e () (/)
~ ) [Lp 2o ™3 + ] e MIZ U<l o ol €I €] & N " o T TN Z 2
T-wrtnzX 0NZIT 0 o ZOk ZrZ ad = Obi~ Qb= . Ol TXONANAAHAT T AN I TOOSAS
O ke aQ e = ZW OZ ol N\~ N O 2T QZO0Oww I TwwwwOOIXI g
<d ETCOw Cvwi C OXx OO €N\ o IWIZT O O W IO QOLOOOONNNNF— _Jdi

Ot wd 1t =N ) =t QO OO DA~ =~ LU —LOMNOLVNNOOZIZ it kT I
ORLIQA Qe JOA e DW D~ QWL I N i HTNND WY < W Vv HWWWIXXZ H B N
OXZL HZL =HZI1ZW!ni dNZ o~ NY sl b~ N ZZ2Z NN AZNXKZH HXEH NN NI ZXZ

P U= O L
PG ad ed d NS T T b L
AZ dded LT Zed EZ2OZ T
DI <TIOOOAOOO IO
NULOLOCHFLOOFOLOOM

D N L N DU

QD d™ = (NZZ~ WlT L ~~ o=

ded T ZZTFQN ~Z X

I T IO L O Z Z W= <T

OOHOAQ M = L Z N~ OO
-~ -

[+ &)
QO N

D AFRXZARXZXZE2 D
QU2 2AF2LIAAAHITEZZT
> SN ET I TITIITIT X O
AXIOOOCOIX L ANNANOO ddb=i-
LOLOLLOLLOCOZZFFLLTTI

QOO



49

TUNWNOUVOHENMT INDNWONOOOQNMINDWSOLOHIMIUOIWNOODNM FNWSOOVQ UM FUWON O O
AWNAD WAODOIS PP P 1= P P P ™ P G0 00 A 0 VWM VOV VOV VYOIV OO O0O00O0QOO T T v Tiv vivi viv vV
TITIIIVTIITITIIINISIT I I I ITIOST IV I T3 T3 I3 TN inmnuanimnuninmos i mim s i

® & 6 & & & o 00 OO O O SO OB e O OO OSSO e 9O 00 S PO O 9 eSO eSO SO e e NS0 s
AU A OIATOU O OO OO T OU O O OO O O O OO OO O AT AT O VOO O S OU O O U ATV O AT NN VN IS T VY
o ™ <y
L =z ('
>x &, W
<Q - [ -
P . -~ < -
N Vi -t Qo -
P4 w P L) ~
L] L X [ ad -4
> (&) wd L= ¢ [F¥]
<L < 5 x (' (& ]
= - -~ - <3 <1
o~ x | ond [« 4 @
o o <t < Q (L.
- =< = w [72] -
x < < > o~
<z p (%) » o
= - [&] 4 (V) -
k-4 wi - L) (&)
I L L b * <
(&) 'S (V] 2 ~ X Ll
L] < (74 L= I <1
> o - V) e I w
<I - -~ <t o > T
= Ll o % -~
o [ < - e ~
(&) 0w x < N O» -
3 " (VR - — QO » L
v X [T x> w - QO o~ o
=N << X W g O 2
DX =z z = 04 . —
TN L] & - i L ] (== <i
= OO -t o > v o [*Y
Z-Q0 . U I » ~ e X
(o] - - + N\
T o~ o o ~ w o QO O -~
N O =] Q% a = -
~om o~ QN Z W V8] ~ (702 2 L= QI 1 ~
P e e e Z -t o «l [0 o hal
—~— —~ e ] e T WY e N o | < noF = zZ o © b ZL o Q + [l @
—~—~ o~~~ S st fpow o o St TITNX <1 [ L x iy © w (@] = o
[on L) b & et 217 NXYEXZ X - N N )'4 M- O> X p4 Q
0t oy o, o o e T L OIONIZ Z T o Lo R ] b Z o o I ~ <t
NN T T QOO T L o~ e | P4 - % » OO0 oNn D> w
OO LI Tkt X X 3 =it z il X =~ -~ Lt OIE Own * w (AU V)
OO~ O™ & &=~ -2 Ul e~ e~ [l [SHTRINE o1 4 [4V¥] - »x
dBNOOUVNNNX ZWL U T TN T TaN ] > v MOOH ZErF SN~ % k4 * %
Q& a0 & eO[AK o o ng 2 XXX z Z ZaQw QW2 WLoor —~e
P XZUINXZVNETEZXZIXZND  ~ TXX X O T TXEIX OT <€ ¢ ¢emNOX onN
QLA & oI & AT IHHTH o n D < WO -~ -l XE> Koo (4
FZEZXZITIXZIIITIZTIZIXZ wWda U o~ b~ b~ - <IT % OO OO~ o
» NI TIHOOI T i<t~ T OvivriE vl N i<Ivi<T § ¢t O% ~ VMo Uity Vel
~OOOEZTFLIFErududr-~X¥ HX e T o WwoOoOXZ o TN % NNN\NOX> e N
wwOOOOOONN> L L TT NN - WX Wi ZTO IO AT L vt OQFQ 4+l WIN
[ B ®I1 L g dolal L. L b o oA d - d IO S ool elLFT T . cocn QIO [ LoV ]
Al ul o hedndh o Ro b g P-4 oL oL ok o kot ] Q) e o e @@ O ST e T OF XX+ _1 o (&S] o]
ZXZ i X Zedr I AXZ X Z s OO0 X b= Z X+ Z T X Z i OIZIODOM >xo
NI HXTZIHXZETIHIHXZE 2 [l o Lin Lo Lo I XIZHOOM T O0Oow-ONE T X Ok e
WA T INHIZdR<<gIIIEIgH OX oI AT~ —0OF HPO «NwOITOIO® <o
HOAAIEEsLdAZEZZI | 1 CAALQAEZ O+ O L SZ NI g oGl i S T >y bl
Fad | HTTH PCLXZ N TS g DEITOT Xoedpm X2 T QO gMornoomI NI "o
WXZNINXZN HNIA-HAXZXZH < OZZ «Z [E0 e o e = 4 o P-q - O S INUTH DL~ xS
O NN Z A X Z I E LI X T D Lol a1 o e o] ZLwIL~EIr ~ S OO U -0 QL<q
N2 2 <IFHEX AT TIZE T <L i Pt = M HHhHIS~-s OHOCUL QA ad Q ed O~ [ ot g
ZNNTITTISTIITITIXX JIEETZ AE -t = WetMmIITT =X AdQOTXHEOOEZOE ~OI
OHOQLOT INNOO I b= =0 O < [s AT ISV TN IZTZZZ0o0ux QELOOVIZI I T ! uINO
OF-OCOQOOOOF FLULITZZOOM [ T T ] [l =P 3 >0 g ol BN LI>NN>ILI>L >0 oco
*§ ~ i



50

N T DWW QOO WNMTUNWONOOQSIVIM IS0 VO WINMITUVMON OOV QM I UNWS OO WM JUNWMNN OO
NN NN NNMMIM NINDNIN NI MM T TN 3T T T T UVETUYUEVS VISV U LV WO W A WD NOAD D P N N P ™ A e DN
UV LD LD MO D DO LD OGO O DN DL DIDOLND D DD LD WA WD D O D DS IN ID LD WID DD D OO W0 N

® & ® & 0 0 & O @ © O O PO 0O OC o0 O Oe S QOO OO OO SO D e P O SO OO 9 e S 600 S s e O
(AT VL VT VTG VTGV o VT G\ VLGN Y N TV L G N T NIV \NT N TN TGV TONT SN T N TN TV oW TGN TG W TGN T NTQW TG VT VIOV G TGN T VT VT QW TG VT W1 (VTG NT N TN T ANV TaN [oVE G VTG VTGN TQVE o VI V1oV E V] oV o VT oV}
£ U
L -4
(™}
<
[ o
QO
e g
[YE17; You]
L
— o
x a
oD o~
W e
-z -~
L ed - &
Q0O W o I
e » w -~
- —~ » > o
QX ~ o v N » »
LD ~ [ =] < [4V] »
— i ”m (GRS » o
<gL>> - _-m™ » z
oDl = Q < O -~ [s 4 o
- O h4 [ oad Z > = - (@)
<1 W - > 4 X < <t
BT e o % N L [&] ~ [72)
-0 Lat (¥ -~ % WU -~ ~ ]
L] - N O * > wna -~ Q
- X (] - ¥ = * -XI x .
v -l LU} 3 4 -~ » 5 o~ x0 o ©
= Op— = x - X X « e 4 - hd
= o g VIQ VY b - O *» w J (7S 4
Q T —~ [79] w N *» (NS (73] ~N
< w [\¥] x - - W - > -~
» wZX [ - C F D+ *» D
& O wi L] x I < ~ 3 [~= N AV L~
- -0 - N oW -~ 0O x xT . % X
[V - . » (%) +$ > (]S ] (= Lo
[ - - * [~ x - Z oux (=T oV X
O oxXr<a —t [¢ 4 O TN N o4, J - Z -
o w a [a 8] [ N Weomm [=17,]1TH * + [-47]
[1] (& o} 4 [&] (el o] prrtp- o > ~toy >%
x (T2 VI &) o < - oS - Rl S ~ZZ O% ~
-l & e ol > < [V (@] -5 s L < ud % - D> LIA¥IAY)
uw O bl N — o~ > - N>-0O o - e~ ~ 4% o C
- - O » Q. L4 P-4 [& ] an] <<H IT* i O J—» X<V O L
~O [ ol 72} » b~ 0NO » -2 DXl Z > IX% o~ ON% A ales d
<Y < L=<t ~ad WZ —~ N -0NOQ O QX g% N
1] b b D Z< N Z o~ » <N~ WLD> ~ NLJ3OZXUW I~ X o o
2o~ DX 1 XZ e QO™ it Z% O » T eL UOWN~T SO0
vt OO0 ~% -l ) 22~ | B N o nT A IOQUINIwE LWLO4
- e - o TN LU +>0 DO TAINTUWNI I HOOONNULIOZT I XN
-~ QWD whaLINZ Ow o -~ =X wdOA % QX ) oX ¢ODNO JOW UHNO
19} QO OM I & L~ O O~ o 4 W N\N<I¥ DOV adom 0 ) et e 20 L T O~
=] O - LIHZ<TO U-Z S~ -~ DYOTHIIW w A~ L T~ OUL DO LWLHE® O
D 00 22X SCS aO AW - ™M + WOV - OZ DN Al N\~ w OOt TN ~
"D o «eOC . O dllONwd o~rmAwaaAaNNY .42 O U ZwSU AW IEHOCODONS>DS>IOHD
D DO Ol O\IED HU DO NTIDIIICH VI S TUWH =% 0§ HDEAOYNAwZ ) I E I
N W How™m CEL DOU>F H HWO>L~QQOZONHNIMmIIADWrr il e =D YLt~
DN H NGO A-2Z W=y sOONQNIOOR~A0O X +ZAXi~-IIITULF~ULEIXIIXIXZ gx3a O
MtOXC <« O HOCLALIOWWITIINOCOUIZ~>d~> I DL O Advr-aXOC~TIOT I HNIXNOOCCHUdd it NG
D b d = 2 g™ MOZ MHFZZZ~"HUUMHWIL N N~ A~V HHOIIOQ WO il NG V)
ZOXOuw-d OOW >Daddri- N T I S LW P ZDZNLIOIITITT I bl X-HEa oD
Db~ QO<T L oA XOHNIIWMJJULOONINZZZTXULOOWNOZHHUNJIWLL U L VNN QLA I NZ

TCoCoOCCOH QA O<dCOED TIFHQLOLZ>O0 OFHOKAOHDUNSW IO NH>DNOCAI2DIN>DD

QO
QLY OWwO ™™



51

L NMTUNDWVMNOOTHNMTDWNOOQetNM TN DN VOV M T UINDWMs VO Q UM TN WA OO QM T N W
0 O DVDVWOVRCULOGOGC OV OID OO I v v v vi ¥ v v o4 v TN O N NS NN MM M) V) 13 1D )
O DD D AW DDA DN LY RSO MDD WD A0 W W OO WD W DD DWW W AW WD W W O WAL WO WA VW WO W

® @ & 0 0 0% 00 OO PN G e O OO OO PSSO OO e S e S OGSO PP e C O OO ST eSS et e e

VL NT VT NT N VTSN NT VT NT T NT NI NTNT VT NTNY VTN T VT NTNT VT NT VT VY T NNV NT VT VTGN TN T VT ST VT NT VT NTNT VT NL VTGV T VTGN T VTN VTN T VT VT VT VT

(&)
Q
W -+
< V]
>0 [5)
[se] @] (&) -~
N> o~ -~ el =
[} 4 N -~ » -~ (8]
* N Q o (3] 3 -]
oW ~N x (&) (=] o .
oN o~ Z - > (=] - v
£ (N D= e (T -+ 3 uw. >
ON» [ssTwlyV} > o -4 (72 » .
“Z% NO* » o ] > (4V] -~
1 >>o oO>% N (&) o » » i
~D e » ¥ O » > . o »* -
NNOD QN » » b [~/ » -~ =
LW o~ e -~ »* ==} » W xe
>ded DOR O -~ N «t -~ (&) -
QO O emvd - » ~ ) + e
N e (NI ~ » + (&) o < W
O~ O1tZN AV -~ -~ + [&] (=3
T OO~ o - N [y} (&) -t
o400 LNOOX = bt o o - O .
«O.4 D* O -t = > (&) + NOQ
-HOou Z~0.d u. o + = -~ >
>N DN+ N -t - [72 2N ] (@) Qo
* % > $2Z0\W N u. o i -~ o <
ONN®E A o> o n © - O > o %
O¥ N Omow - + > 7, &) + ——
[—R 2 2% 4 LIAVE od AV] x oK + >»x > W ~ O
H a0 OO +% S -~ QO N 1 o o .
ANZrt O + -~ (= (@] -~ O Q [TN14N)
MWZ>> N o~ ] ou. Q. 2 O > =N
> OF N eO> o st W > - O < hd o~
ANDNE ~0>X - N > hd x > M » [l )Y
ONOD I~ 4+x (¢ 4 (&) - » Lon B N Il
QO+D =+ 0D o> -l TN NN o<t ¥ O * o~ IrT
NN+ XT~00 [ D [0 4 ~ % QO% N N - »*» D -0
D O« ONO+ % Q. X% X% ~ O XX i o~ X
200> a0>N [ R g4V ] - Qo =N oa 0% o p = 4 =z
DO>Y W +v> -0 w -~ D> IO Lo PN o ~-Q (TS
+% X VNN & O»n [+8] LOOY OO ¥ e~ -~ 0 v+
-—~em D o ONT O~ <x NG o\ o o\ o~ D -~ ou - Lt
NN D ~AO% D W )~ ~ VDN Ot 2 V)X - N 17 -
OZ > CvH o wo -~ ~DO% @O~ (X ~UWXO > O % mX
Dt O ~AD> e S ] G v w8 Q- w = Ve O <aQ
- DN % A0 OO0 -~ . o (\igp (VU<T e ng 7, N [ V8 O - ™M -z
LouZ® nNZo s ON o N O~ ~ LN~ N L * O o
O % o Z>% oOODTONO S NN N N N o ~+ O Tl
et M~ Q>N 0D J. IO O OO Xuir» ™M o© . [V LV >~
0N DN~ Qv % ONEKEISXDOX Bt LD o o » O hed
- U~DNNO™ W NQxN o o HNH-OX g ON> O o * 0O w+
O+ TUNOO+™ N>Q O . O AOILX g NeaO¥ WSSO0 o . W~ O (o]
AMINODO+OIN AU o~Nd OO o\ oNULAEXX D+ % QLiviE~ < o =
e e U228 © OO0 DJIOH X : - NONON AN~ > N0 4™ OOoODO| o~ =<
w NOW DN o ) JNW XX OO NOQOOUSDXI | XOM= DU o 00 0 6~0000 oD 1 o
ANC~UI> o>l ON I OO ...u : N oL wmi<INg SN HOWw% (DN OOCODO™ 0 0 0 e X
CLH»>NCPw S dOA~ NI o A OO I N XL HEQONO" ' H P00~ oEO -0
ZHH A HNTUHEZIDUN NN IMNTIDOY > U~ % [~ ~OOQAIM Ao ) g b il OoOw <
S ON=N» ) IO O2Z )] I XY K X 2NN NN ZOSENNONNT I o (8 4 ol
WX VIOH>ZNANAHLNOCCOCOCOONEF I N FHam XA ™D H H HCULCOCOOIHLOXCOCNEHMR™ CZ
w E S DONEZOON Q mdad ed adl= Vi C = OO I L ONVTU A~ 2D 5 X~ b T O . €T ) b o o od OO (N = Wit
LDZVNOCT Dl IO NMEXEYE DHZO0TXTQAL<INONIGY) Uil —-NEEDIXXY X JOZ -

LOODI OO Y JULFOAQALOLXOX - TNX | XNMXLWOOOOLLOW DI X-ZVO.a0 o JOWw ZX
HOSOEODSSD DA S>VQOLODAOR DX A XA FHOSIVOADHWODD>IADXD>O00 > X0 L1

~

34

un
M 0OOoW



52

WO HNMIITOWONVOQHIVMINOSQOO MM I VWS OO QEM T INDWAR VO IMTLDIUVUN0VOQ-NNM I N
MOOITTTT IV TT T UG IOLILEY WU SO AL W W NI AD W IR e S P P B 5 G0 60 00 60 QU C0 W IV W O OYON YO O
N0 AGNAD OO W W NIADAOAD WD W WL NI WD NI AD AL W) NGO W WY W) U WD AW ND WD WD W W AW A WD WD A0 WD OO A W WO WNAOAWD WL W

@ & & O 6 5 0 0 00 P OO GO VSO SO P O L 00O 0O O SO O g P e s SO N SOSN8 GO OC e 0L 00 0o

O OO IO O OO O O T OO OO QIO O QOO 00 O O O O S OO O S OO O O N SO A IO N N NI NI T NI N I I O

TCYCLE/60.0

i
DC2(J) +LNUSDB02(JU~-1))/2.0)*TCYCLE /€0,
+RL022)72.0)*TCYCLE/60.0
)
C

{+AIRFLW2)/2.0)*TCYCLE/ED,O
)
T

V(J-1))/2.0) *TCYCLE/60,. 0

) ¥DELMULT

-

vivied W

TV} XEEW wXx
LOH IO N il

+ O+ +ETNX"DD>

=L~ 0 O\ 2w 32> > Wi vt v it
TN +HO 4 4+ =4 UOOIT X GO Y
I ODEFCJOUNEWUNOPNT 4 ~HIOO. Sk
N ZUVNFHP-XOd+X"4+00uU QCOOIWLN
OO UL NF-~>O>X K e-iHJN IO Wn
QNZFFOXEXO+ 2> W NI DU <t UX
CODOOF FOFFOLIOUIOND>D>SDH>
HHNOF W NCHCO>OQOOH B>
O NN RO NN NN N
2NOEFRONINVION I ZIHNTNNITINNY
G OUFTE dC NX OO SN L OO SN
T LU X JUX—-OD32D20UMNFHOOD I O
TOZFOFYFFO> W OIS JX S0
C?_UOTOTCOTECCLILSFLFARX
COTr OF Ol COO>UL I X D> D> >

et i e
TGX SJONEX Ny
T HXTOLIHOH
QL xOrwLNNIa

VALUES ARE INITIALIZED FCR FIRST PASS THRU DO LCCP.

o o o o O THH IR OJW

Q) 0D O o) ¢ o Y40t DI _Jl. X

] 0D e S OO oD +C UL TOUMDDODADSD>
ENLONDHT 0O | DO U HLAXT N USH I LS

DO NN D o N0 HZ NN I VI B NNUD
T ZFONEOITHNON2Z20FNMN NI INTNNENO Z
OCHIEIDHJ IV HOQANAOLXI JNGE I CINNCH
QAL XWOD2T D = QU NHOOWL O S
- Z2IDF > Zo0000XI 0o JnNE 4 anz
QOOINOCOOWOOD I i JNUWDArYu XO
LOOOO - W3OSl X>D>25>3>0

w ~
oo ™ MO

0.0)/CEVD

v
)
a



53

WNOP'QENMTNWN RO QO T NWN OOV (MM TNWN OO Q- NMTINWNV OO M TN WAN 0O @ - OV
G'O\UVO'O OO OO OO ¥ v vt v v v T w4 MOV O VNI O OB INCUSII VI MO NING I MDD T T T T T3 ~EJ T ST 8V NN
[TeRUS LT A Ay N S g A T A el A A A S Y O T L Y et LY i i e A S T A A o e A A A M A A ] ed A At ] il ol

® 0 0 6 000 0 0 0 B OO 6O SO ST S SO PO S OO GO SO OB s P eSS S DSOS e e e
-~ (&) qa O
-t - x O
] -~ [0 ~)
9 -2 o W\~
—~ - ~ O
[AV] (3] ™ LIX
o o ~ -
3 - - -0
-l [+'4 w O
- [V [+ 8 (5 I S
- » - < o~
= (79 = o X
- wd (@] (LT ¢
(@] [&] d ~ L
|t > 'S -~ O
> Q 73] N O
» - (&) ~ Q-
N * L) (S5 2 & WS-
* o -~ P4 Y <I
» . e v | - X
-~ N bt & Q JaX
[t ~ X0 [TE T
x ~ om I =~OoQ
- ~ ~Q ~ o« OpF o«
o - b = ! - O
[ ad ot w -+ - O X
~ ] [ ] = S Y <<
[&) - ~0 o) o XY
Q hadd —m 7] Z I
I (& -0 Z - WO
[ oud (&) w e haad Q oW
<1 QU OX e~ [ w W s
o ] oh-"D <X ~ X = e
~ —_~ o [ oL
+ ) H~Q - - 724 ~ ~0N<
(&) - A0 [T IS oo . ©0OI
[ Q MW ~ D - £ < w M ™MmZL
I Q e NNE = d d o~ > L] i D0
[ Q T O » % J <X w0 o N <X - Q. »
oOg ~ XD * % Ll - o - - (] o 72} T X O
oM ~% Xl -~ X [} 24 g (o] x X XO> O
o> O QOwQ TX* [&] -l [ ad [7¢] Ll [ d el 2] TSR o)
o~ - e UV O 2D wad e~ ~ ~NO Q w ~ Q [en] P 18
Ll d [& L us = nunw -~ - % Laad <X~ -~ ol >y wZa O
%» NV LOWw el —Z L0 [==T oV} (=~ P2 ~ ~N (=] ~ Uit Pt & -
—~¥ mi A § > jom ® o)~ olu -~ ~ D~ oo -~ O ~HOO
QF-* N~ e¥iu =2~ ODIX OO0 [~ ] o O (=] NE @ o> O
S =N ~ed OO P il AT O F S XO bt [ Jue PN 0 JY O De [ -~ ZTOW-U
T o1 e = m ZOO0OICEH I Iri>N OXO DlUidiHwEY © =) nNo«
OO0~ ™ CAa> -~ L2 dAd N T W= HOND JNOOO <IN XN~ oim  ADOLI~
S>> - Qw  WitNW - Wb IO ZX0 O LIDNse O W XD o NZ «XO
W+ NOOMMHOoX LR &) § - ING ¥ ZFTOTITIR FOINE U OZ00% X-OHQOF® 200 e DD »

LOROFOOO WD ~LIO M b HZOMNNISOINDFUL NEXNE DZO0HDId FONWDrild W W
1 JONDOO* N vt » Zw FISII NI O~ N OD OO DNC U N X U o LJOW~
WOIO>MLLD™D 1 e~ -~ TN TEFY O~V >0 OX™U-200 o o »O .
AT o~ UNOWO~ DM o MM ) JQXOOJY O X% D% ZOX Ok % O N> 0 O
OICO% HON wiHY oOZ WZ2 WO oOL OO0 XOFZEODE CROOROM =% Wwtd O Z -
ESDOXOAD o« D>  «NC T +00~NI~>NA~OCRODCOOCNIa~ - OCnOXOCE OLXCO
I U0 Ol i O O H IR u U ~>NI>CNE~> U H U I TN OO N O N

HW >N~ ITOD | ~LS P et N =X LW 0NN XEX NN~ L IT-OwWwls
DO NN o J& osZA~AMWN e JJ2ETEZTXE A.J. 1 J000NNOLOQCIRIE=NVINU I I ) S ZZ0 (N0
IO LN Z NHDOAIAAL L LU CCOCUVMNNA A AXXXXODDNM s ZC
L ~OQOQWZO™ O~ Wt ETITI T d gl DDk b b e D\ & i~
OO0 0 - Z X d 20 dTTITTITOOOOX XXX ZZ2ZZOOOOOCOO0OWWL «w Oy
AQMOOMOOMU WO Ne FANWILIOQO O bbb b b b D 2 2 D b b o o e e O QO W WL XX T O
O>w2NOOA HAFHHAL OO ~Z00>0N0A>0N0a>NOa>Noa>0N0a>NOANOA MO QO
L o] -l - 0

W
~ O



54

L WIS COOVG ¥ ANV I VD Q0 OVED ¥4 (U M) N LDAW I G0 0V ED v1IUM T LN 0 OVER UM T VWO N WOV UMM T NWN R 0V O
WILE LUV WS AW A NOAD W WADAD G DT P P N B R e P T G0 Q0 0 60 60 0 Q0 G0 W OO QM OO DV ' N 0V O DI OO0 0 D@ O O i v
P P P PN P P P I e P P I P P I N PP e P N I R R e P N P P P P e N P 1 N I A 0D 60 6D 60 @0 0 60 60 & G0 €D GO

IO O I OO O O OO O OO O O OJ O O OO AU OU AU O O O O OO O S OSSOSO O O U S A A T S I U NN U U T I N U O

Lt
+4
-~
-~ D
«t [
- "~ (=]
o L -~
-~ e (=] w
~HOOO [ =
" o N o |
[n Y o] e T e T o (o} LY
e meanoe L -
oo o i
L o L -
QOO0 O o - b d
LY a1 ITE . = >
LS AT K 2 & 3] < - >
4 L bt (X8 [an} [
wZZFE oo » - o
QO 0did -~ -4 [an] [
QO »eOX P w . -
MIINOP- (=] [ (== ~M
DOV & ~m = n <
Y ddO> Z 2 -~ -
QuEZus et o = M
nna0 w - ~— -
"~ nean e g -4 [2 4 o
el it et | LN T PN i
LS N ] (= I S | =
moOOoO0 P o 2O O
LN W Y ™o W Vb —
oo I~ © O O -
oOOWOO e | N Z~AZ Q
OO -+ ~ oD (&) o~ -~
o N O 0 O O [se] m
MmN MO © NOMm~ LI <t 4
Z2Z2Z2Z ZM Z Ot ed+™ X M oy TEL ]
"~ ne e ~Z LR Y o oS Y I a3 ]
v vieded W « DT> a ™ Ll P
e OZI W W e QLW N w2
Lo W MOAOQ DNk + 1+
nnnny: Z-0 rZO0> ~ZT O oo~
bbbl &l || = s~ || > - Wz
COOCOMyima~A CiiHe~s T O CEw

il od b o b d Z H DI e | b DL W T O i lad
20.0.0.40. 1 I-wI0DDIHNIVO0 IADU DWW
NhNNNN3 NHZZ ~OwMmZX DZNZNe-

ZOWlik X V- o
TLLLLL:QIITLQE(EITLQVTTTLEY
ZwlddddO TTZJ X QAXEZ WZOZJIEI
OdAICIINOIDO0CIOOULR DOICO00OI0a D
COOLLOZOOoOVWOOIHIDCOOO>00 00K

o
~

4 ¢
41
4
4

[&Ad @A g L o T3

ATA COLLECTEDO AFTER OATU¥
((TOThT**2) *VDATMPT+ (CATMPT*¥2)*yTCTWT)

HIBIT.LE«3) WRITE (KW,136) HEATNO(1),HEATNC(2),GRACE1(1),GRA

.
[72]
=<
(@]
[ )
Q-
Q
fod ]
o
(VIR Y]
a4
wna.
4
oo
—NZ
—<X (=1 4
<X .~
-l N
oZ © (=3 J
QOr~ w4 %
wdb- N~ o~
< b= [ ]
O O ~ X e L
[V - | -~ -0 =
(7] LY - Qo [ g ]
Zd4 CI QO i -
-t O & % N\ haed
< <L - -~ -
[ o i N~ 0 e o
VNS = 4 bl o) =z
T2 e N~ OU
(O wed b=~ i~ N2~ [&]
A [TaYy Ve nzZz o EO
D e e OIT 2\ tNHOMZ~AW §)

e M NO R MM OMM DN O

LA~ 2 L 22— 22 A0 T~ US>

L nn ZHn g NnOE~ v Jw

OLOoLUINITIOLONITOINE I DL WAL

OULOMHHZZOHOZZOZZI>YHOOO
Lol

Ly

<L Wi i
QD>

U8 |
ococo w2
LDV i 20

>0
QO W
CcOoOszZo



N TNWUNDOOEHNMTNWRQO QMM I IDVIN VOO OIMITNDIWN LS SINM I D WN OO QNI NW N0 O
Lalal ol ol ol oL ok o INVISVIAVIANINVIARIASJAVIAN IAVI AT AP DS Lop 2 o pd 2 1o Ip TAB TP A JEn L gF g~ oK . B g o g TANTRTTA TIRTTRTURT A TEAYUAYISARVEIVGIVE IV N WIVS VO RV RV S IV }
a0 00 AR 60 O ad A0 GO a0 €O €O QO 00 O &U €0 & A0 GO €D G0 €O GO QD AL 0 GO A0 A0 GO O AU A K AL GO A0 A CO QD &0 A CO & 60 CO & A0 AV A & AD & €0 A0 L0 O O

NN NI NN I TN

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2e
2
2
2
2
2
2
2
2
2
2.

.
o
-~ >
A al ld
[ (&) -~
? < w
A4 L PN
(A Y] [} —
Qo > -
= w -~
- Q i
—~ ¥ L} ~
[ aad » - el
x w w >
- ) Q >
o Q Q -
| o > - o
> Q > —
» - [F¥] -
[V » [ ~3
-~ * o W =z
im0 » [ 'S -
~ - [4V] -~ ~
*t (=] | udd haed e -
- o x ~ hd 2 4
x o b ~ > w
X O (] - (1Y) X
St ~ - o (&) [ew]
w ~ [) - d
[FX] -4 (&) - - e
[ ot (&) Q bt e o
- > I Q bl Q
[14 (&) - (&) w w
x - < 4] x -
» 4] ' [ ad [+ 4
- - - -~ L ] U
[ap] Q -+ = . - o
° . [&] ~ [ ~ a
w w () (&) (&) ] M L=
-t ~ (&) I (&) o~ Ll o
e P X - @ - - [==] -~
[ - —_—e < ~ - = O E o«
- - D < s« O » x -~ »* L S 4
m [] = oD > =) 75 IO -~ 0O N~
et -~ e - o N . x A 4 | -~ X Z
X = ~ W > —~vi W o (@) [&XFF oa] i ~
< - P 4 w (=12 4 N W —d [ gV + -
() > w » oo -~ o~ % n m " G- = ~ WO
. Ww L -~ ey OO OF » ~ Qe ST £ < -
[7]m] QO S+~ ~D 2000 A - OO0 DO -~ ~ 0w O + o~
WZ e~ ~ N ~0 ol WEOw— Q) I Melemeams O QO ITH O W o W
<O ~ o~ O - DOOFI O XO~ T O0O0™™ e~ W W T -~ o L
HeoeZ AT © > 0 o3>3k 0kF O Y ) b= OMO I¥ ¥ = O O X
-t O L >l S2O00WI+DION O>20T0 b O o & i ] e O
N LINSSZ> O~0WOO W>HQ0OM>OTO~AFNOQOO DDA Wl rildes  pp b= =~ Ui N =
WNZ200~ PO OOO>N Qi Q 1t I~NF-OMNODWY) ~ o~TA ™Mk I W ~ D o o~ =
ZUWHXZDOQUWHZE ~+0 200 COF%» <IILwo «>0 CaQCOCOA ™™D o~ Xz T~ L 2% g4
FHZ D ™UID>0O% A~ D> NS AT COCOFO s OMOCIDXORO COQW oW N2>~
AL DO NI W+ D> = UHOQOTIT QOO0 N N MwD i OO 2T Z o - sy 2
N o WD WE QWO O GO0 «ISGNA-RNAOCAKQ ¢ HE N ~A~ANCOD Ok COvk- O« C
DVOAQINEOLFO>OCQ o UOLWOI HHH ™I ~ALUaAaYOHOMH NI WO N~ o
DU HWDDIHA~ACOO H WO I D oI~ HOQOQO >N DEDZLT-TODWHD2WDIHNIDADI N Iw
+UNWV) e aINA~m Q) il OHEH P II eQLQOOOADVHMIN » SO OHLIDZUBNIZV ~AZQ ~Z0N
MW GWDONDI>H | DI CQOHOFAQAOC IOQILIIIMZMWDIMM G Q™ e DI Z M0 T
L2 OIS Oww DD O3 L OO W~ WL~ O O b= D~ =~ O~
i DO>WWIWUIW 2w > wiil << O0O00XZ00 X 0OQXO QAZ4FTZ 0 Wz WwZ .

WO S JWOOOOE U WOOOWOOOOVOUL IOMAINOODIWDNL OLLOAMODL ~«OaAHOaAOTOoOLOTOI
ZITOVHLO>N0A OO OS> ONOAHO>NOAOMS>ON0O A JHD A4DNA HOOOPCODFOHOKOO
i i

© o S e
g nWn [Ty} n



56

OVriNMIWNMNIWNOO@HMINMIUNWONOVOQO-INMIDIWNOOQ 1NN UWIMN QL OOV OO M ITUVW SO0 O M T UV
PP P PR N A O OO0 WO OO OO0V VLIV OO CI v vt v Tt v v It IV NN N VIO
WOIMODOLODVODOODOVPOVOVVOIOVD VOOV OG OOV OO OOV OO OOV O OO

® ® 0 0 & S 0 O OO OO O S PO OO OSSO 0SS SO OSSO SE PO Os OSSOSO S SN Se 0o

[AVISCLNT GV To VTGN TaVE SFTONTO VTG NUT (VTN TGV TGN T VT JNTGN TGN TGN TGN T NE G NTG N T NT o VEANT o [N EoNT O VT VI SN T AN E QU TGN T NI VT G VF SN T GNT VT o VENTo VTGN LG VE G VI NT o NT N I G VT GV E N oV T,V T4V o V]

T
-
[F]
WV
Lo
o
& dde
W
(€] an]
oo
NIz
T4 - <
53] Wil
0Zo
(&) Lo
o ¥ Lal
0o +
(&) oL -
[©) o oy [1¢)
oa ]
- uaod (&)
-~ o >
-~ > e (&)
tud ==} O -
| - —~ DZZ ~
(&) o -~ =0 -~
> Al Lo D ¥ -~
(&) + [+ 4 2 - L - ~4 ~
[t [S] <X < I3 Q + +
» <x L - > o~ |
—~ - (%] < Qo wo
i > pd <l - SN <
N - <L b (7ol ] » (o] [
+ < X - LYY P4 ~ ~ >0 w
78] Z et <I oI N~ N [ ] N -~
- + L o oI =z - had w
o ~ — e~ i + o ~NO - -
wd Z 9D no [=To A TN o -~ [&]
oo ~ s X1 O - 1 -« o >
il L und w -0 [ ] D QO e~ (9] -4
= -~ < WE N e =0 b (%] 0 W [+ o] - O
=4 w - (U5 S | we <L) (W] & o« i e 1 A N (\Y]
-0 4 X Jd O WO g XD -t~ 19 << ©o© -l ~ 00
Il O Aa w >0 uw (@104 (818 [ e e (S N FY] [
i > = N Ol <+~ -~ WO« >JO & o V) s 0O [we] ox ©
Ly Q UV = W O (TR [V 44 ouy « [d ~=O O [ ad — -0
T~ - Z O % o g Ladlat wa. M= - O Nk v
—HO » v~ I ~AQ v - X W Tk Ww~ N o — ") - o Z O
I~ o e~ = — INZ X O (7Y Ll = o B | (%] < e T (% —~ D~
¢+t W < N I I >k NIT> v o - OO [aN] o O
i) I © +H ~ e T Ow  prped sT N0 ~ —SZO W - N -~
Lo JEE 1V ) YN T | | el N -  ~Nule™ w W (AWK Ug 3 O ZC aZ
WNZ~ L~ M XX 20 < OZ A oltl o ") ~ ol b e [ ] .o O
= o XM O e b ~NZ = eI OZTF-MNI = NI XM~ il wu Cw =
HO A Wik o _JC  LlL - NOUW I ol XM Y o i o o~ i _J (SR V) =
e owd N D WEC WO W —Q W DOCHE-IOWIIY OOoWL.OUWXoZ ol X e o0y [R*"
A DN o D i OF ) Wi e X9 W DHWZ-O0Z0NOo0NNH OO0 D
~HO WZkr e LWk - Z X ZOWWoU, sOF=0) Z YD e Z | e el | 2ZZ2ZU Z2Z2 ZZ2Z2
LT N E-HOI~OXX v~ I ] HEQOO P HIZEDOTIDIVDOF IO ELHNZ O e Cec
(B gVRYFE L TET - @ N TN g X - € G [l o S P T AN | —il APVl K- Gl N TIR T R o el I B BN T ol Tl ol TR TR TR o ol | I T
x EZEM O = OQZ 0 ) —_——Zul = [l ZT3 Z 0N w o Z0 O IO Z
=HILOMHOHWUVILWLOOW ONNOD QM DT = TOULLVLOODILOOZULZOZUOZULZZUULQLZU

QR O DR RO ZHMOT X0 U LO D 4 DO O D OO Z HHZOZFHOZHZ ZHHOZZ O

o @ - N
w0

57
58
5
6

=4 0 o]
79 0y} n QYooY



57

VOLrIVMIIWNNWWITOOQENUIMI N WNOOVO v (NM T UWMOMN O OYCI v INM T UIWNA OO VM T UWON O 0O vV M T WY

IO MIMIEN N NIFIN) T N T T T F T TSI SN UYL W AW WA WO GO PN e P e P P P e - 0 0 0 O 00

OO 00O OO OO OO WV OGP VOO N OOV OO OV OOV OOV OO OV O OV OO YOO O O YO Y OV OO

OIS OOV IO QIO OO OO O O OO O OO OO OO OO AT OU O O AU U N A SO O NI S S TV N I U VI DT U N

o
-
1]
©
«4i
z
P-4
L)
~~ ~
~~ [ L)
[-] - [as]
[ -4 -
(=] p=d o
s + 7]
. M~ w
=2 LY
J < D o
+ o .
-~ wi Q
. Ld - NS
[on] - b ~
=z [ -~ -~ - —~
<1 > uy -~ uy -~
« @ [&] P4 - < (=}
-~ o - O P-4 e z o
[T ~N O - - [ .
0 -~ ~ b w oM -4
o O «! o (=] - p - *»
w - + [d -t LIS - — -~
L) - ~Q L3 S OF ~ i
w O w w (&) w [T} -d Lol B o =i
2 O <t g O [ O - 4 p 4 0o J -
P2 - Yo} ~ [ aad ¥ V] -4 e W on X
- [75] ~ -~ O~ W x -~ -0 DO O had
~N - My O -~ (L1 4 Ok~ 2 b QO Q —
« T o~ o - o w o Qex S OOV ~o © pd
[} - - - 4 ~E - (2670’4 W (s8] VW] ~ * 4 X o
Z - I~ O Z M- ~ oeT -~ NI -l o~ —
a O Comuuum O 2 o O o> 0 Z~% 12 L
. eZ ATMMEAT + s~ O Oz w2 IN-Z 3 > ~
~ e~ Lo~ ~ N o Qwl L ] 2w~ Z e~ [}
M O wWOIDK v Z + oD -~ W~ e Z 1T, -4 L ] ~d™ -~
o wiwd XTONNELD Z ™ NXZ e )l e b ™ w T T AO [F3)
G ZH e Ceman L] et Za0 . =SS IO O a0 s H 1~ = pad
w X W XX N w220 © WW= N IIWD XO4 w3 WX HO L~
i UV Dyilrim m DI DDA DLV ) OOV FTONWY wMDOOUWNaDOD U DNIVE—H~ADDxE@ i DD
OHZD) |+ XX~~~ e o ZXOQOWIt «Z I h NHZOX I SZWe HNUIZ Z oL HZ qU~AZZET

P Z= X NDTIE IO MIORA L b X C dXHIZ O OO UIFHORIZ MDD s D) b
O WIS WS P~ b 2w O W W U~ 00X S e e o g e
- © HHnwoETQaZ ZAU et Zw0<d VMO ZH I w2 0 NOCZ  Z d D2 N Z2Zoe
ZUZLoOoNNMIO0000LOLOOOLAALONOS2O N O>0DIULAOMMOIVIOUWUIOOOULIOCQUI-HOOM
ZHZHO IO JDN0OFHUFHQOZHOSHOESZOIIZOMOHOODOONOaVNOUOHOOWOODJI0MOO

WJ ™I

o [ T o]
O ~ N~ ~ [N g

67
68

O
O w W )



58

W DMDQSNIMTUNWONDVO QMM INWNS OO O YN I W WN OO w™INM ST DWW N OO v MG UNO N OO O w0
WOLODOVPCOU'ONNOVOVNO'QOOOOOOOE v v v ¥ v v vt v OOV O OOV (VSOOI D D MMM MO T T
OOV OO OO OV OO OO OOLDOOOOOOLOOOOOOOOEODOULOOOOQUOOOOWUEO

Lahal ol ol ol ol ol ol ofnl ool ol ol ol R ol ol ol oD ol ol ol ol ol al Lol nl oL o pl ol ol o b ol ol oAb ol ok
® 0 & 0 50 0000 P G OO GO C OGO O OOt P OSSO OB OO e O 0N S S S OO0 OO EC eSO S OSSOSO

ISVTaVE VT VA VNN TONT G UG NTS VT VY N TGN T VT VT N T N TV TN NT VTGV NT VTNV T VT GNT G WA VTG VT AV N TGV E VT N T N TS VTN T N T VT VTN WNT VT VI NT VT VIOV VY VT N TN TN TN T VTV

~~
0
[Ty} (AV]
N~ -
A
Q > -~
— x -« -4
(] L - w
o - - -~ o (]
| (] %) -~ [AY] . o
ul LY [ (=] 2.
-~ o 0 ot -
o - - > e ] -
. ~ - > - ~
[F1] - [ - o o
- p | &~~~ i m
. ~— Ll St i - -
[%2] 2 DT » (6] -
- (=) Q@ Z7O7F (@] <
o w . -~ aZ om [- o]
! - - D il =~ > - IS
[ ~ W Zaa2xMm - ~
(@ - » el = p— O o s o]
< - ~ O » 0 - wn -~
[ A > aAr-rQ + - o
Q Q - HNZZm (=2 ] [ o]
< Z PPN (&) () -~ e e ° LS -
179} < el w el s 1AVIAY) o] [ ] D
z L4 -~ - ] owwIuy O [ oo
- o aaed W S -~ -~ et ~ (o] iy -
- ™M -~ -~ - OETXE -~ p-ag o)l
< -t Lt Dt iy I o S5 B s ~ N =
Mo~ s Jim B 45 -l + OO0 - - -
Wk fum Y =] ~=- oo ~ N = neaa + 0 TP o]
W wo oo HO WD DE N Zvouv n = BHUO ~omm mm
THZE e XM it O H NN QO - [ Y T} IW] N2 il v N
L Lond a P 22X X (57 s o PRy ut ~-~ WD fow - SN
- AL [t [ TEN TN ol el =~ 0 X ZOOZIY = i [ oadan K- of (N8 L) LN - o - o]
e ) St ) d T <L Ok TaZZ2Z2Z Ola Z X D W M S e g ) el
[ o -4 N —Z PN MZTDI Z W 0Oz X + + Wil Wil
owoZ «il Il DD QO e HNZNMT v vl ~ H wHZZ> s Il N QOO0 Q0
Z2ZTZ+ wdom ~ 1 1} vt b b+ A n et bbb v o = ZW 000 OO0
OH-HO™ © [N L PN )l AT NOCIT N a Oa<EIXN g OO0 CTUNIZTIE X
ST Oh n it O v HTIIEL N D d DX DO DUWed DT DWW O v Ui
W) Lot e U™ IND Db+ e P+ O A 4 OO0 COO UL DA Q Dhil-~rmm N~
NAMNE Wy O i k200D 1 yvnnnineg Hn =z FINZZ Liuix INZZHZUVNN M -0
™ PO Zv)iHZ00x XY ey I SN WO O W00 DN Vi OO~ > O~

Ul D= O Z G iU WO O 3 1N P b b= = P e e D bt ) 0 i d i U= el = ) )
N E S N OOLS DITLZHUN I wiy Z I~Zdddd -2 0024 000 00
IHALOAL LA ZO0XOIX JDO0OVNOIX XXX XOKOUWXOOIXOAIIIO. IXOILLJOAIHOOOUDO0O
D OROHZ ZZULZHZOM>XXODDMHO XXX X XOZOXZTOOATDIXOOO0OLOMIXOOALOOFOIIZTOVEXT

& (V3] [ (-8} Q «i o v
~ ~ ~ ~ ~ © x © ©



59

TUNOI-OVO NN TN OOVOTIINMSTWMIW OO D OVWN OO O INMTULIWNOOO wHNM I UNON O UV O v
KU 25 L 5 L JTAURTTRITAVISTATTATIRTTA TR IVO IV U RN SV IV IS RVS IV IV T A N Y S ot S L X~ oL 31- oX= oL 61 o1 o T o X o1 o Te Y SRAT ATOATE AT AT A AT 4 AT M wn T )
OOOOOCOLEOOOLOOOOOOOOOLOLODOOOLOLOOOUOOOOOOOELEOOOOOOQOOUOO Ovdiv
Eubhal ol ol ol ol o R ol ol ol o b ol ol ul o Rl l nl nl ol ol ol o a L ol SR ol ol ol oL o R al al o Rl ol ol u R Lol b o n ol ol ol ol ol ol ol b ol ol ok o R ol o)
® & & 5 0 &6 9 0 05 OO OO O O PSS OO 0T OGBS SO O OO P OO N G OO BSOSO PO OO O RSSO EN S0

OISO OO OO O OISO O AT OJ O OO OO O IO O O ASOUOU O O O OU O O OU OO AU IO VAU VSIS I SO e O

P~ -~
oM
N
ooo
cod eud et
[FEIVELVS)
oo
[]e Y]
pop P-4

MODEL8 1 3)

-~~~
als ]
N st
o0
vivied
e el mad
[FW]FS1RN]
any me] aa}
QOO0
TEX

o~ g g~
oM
e g
halalal
d el =
Ld b
oMo
[ele]w)
b 32024

o~~~
«iOm
-t et
NN
el d ed
[FRYVE]EN]
[ oY om]
[ole]w]
XX

g
oM
N et
MM
ot o ed
Lt
Qoo
OO0
p 22N

-~~~
N~
— -
G I
e e et
[FEIVE] TS
[m] o Fom]
[w]e ]
TEX

P~ S~ g,
O™
— ®
munmnm
P D o |
[FRISVIVH
ooo
[wie]e]
p 2228

o~~~
~oym
—
OO C
wd and
wiluilu
Qoo
0OC
pup> 2

[ g |
FO
owo
[ P
[\p] -
oo
ot
(G V2L o g
(o] ]

O=E

Wt et s )l el e e i X o

~Nem o Do D mmPm Do P m N ™ N ™ el = o N & a0V o OV &«

<L o~ <~ L= N )
xo [s 44V] o
()~ W [O1 'S
) L 28] oo~
~ " -~~~ - N
i i -~ 1 o,
~ 0N had AV ~ D
2 had L e i~ o
wZ wZ WZ~
LA (36 1V Y [SS]T R Ty
Qis Qb < L.~
o w xw [s 4FV 2
0o (G ] OO
-~ -~ O
~ ~ o~ ~ ~ olu
(= PN O DO
i Lahal O
< <™ <™ o~
<+ 0 + 0T +0OJ
e B D e~ ) e
LS L N e B o |
[TRE o] WD Weitn
T~ Tw o Twn
- 0~ D
LY L RS SR YN
-~ P e Lol
i WD W
Qv Ow &« Ow =
oz OZ~ OZ~
- I'S LT T
oL oL~ ol >~
-1 -~iilZ ~WZ
NO NOLW NOW
-0 wOuw ~>Ouw
O & O~ O =~
—-M M0 MO
< Lw & A~ o
Wl Wades  Wogm~
om Iom ITom
[l d N - o~~~
oD i ND oD
N O W m O T,
O ONe~ ON~
FA G VA ] P4l 0
[ L L T b
<I<OM <M <O
WO » WO » WO =«
XTI~ LTZE~ I T~
M ~v) -v)
P~y St o~ o~
HrZ e e
Tl TIwU Tl
ol vl
il (g =]7Y) (o =]V
CC 00 XOO0O
OXZOWXETOODXZ O

b e o) b b ed 1 d e e eI B ) ) d P e ) e 1 el P e N N o N S o o S | e e
0D 000 900 000 000 000 000 D00 O0OZ etk Hylbd Hetbd b Z T - J
LWOOO0VLODOOLOOVLVLOULLDOUCVOVLOOOVOOOXWDNO X WDOKIUNOXWDINOHE <L O <T
IOIZFOTFIVOIIFOIFIVIIFOIIIOISIVOIIFOOIO ~VUID »nOX0 ~OXZ0 ~~OFIVIVO

86

(X®)
«©

~
[> o]

©
©

0N

iy

N

94

Lad N

PT,EY,NVARX,MODEL y TME(J) yNCITEFR,TPREC,0)

’TIVEC,NNB

A
S
E
M

L g

S¢
<



60

NMJITIUN VOO HNVMTWLBDIWWMROOQ - NIMITUWAQ QO NMTUWNWUNSN OO INM T DWW OOV~ (N M T RO NOOY
QOOLOOOC T vt v vt vt v v w434 O VOO NN OV N NI IR M) PN ) I ST oT T N T T T ST UMD MUY U UYUDY
it iy i i e i ittt e et i v T e i e vt v T v v v v v v i e e e
Mt Tt e s e el vt Tt T e e T e vt el et T e e T e e e et e
....‘.......".................C....Q......................

AU VIO S AN O N S O O IO OV O O QU O OO O DOV A A SO I S T O VI N AT NI I I N NN N NN oy

- -
(=5 Y =]
- L 3
-~ ~ N
w o o~
< W us un
-~ & &« P-4
-~{J QW hadd
-l - ~— (&)
L Xsa] - 3 -« [ )
-~ ¥ « L) [a0]
o= W - -
Z2d - wn >
Al - Z @
- o O et -
PN < £ [PV (&)
- - - = |
Sp— ~ -~ ol <1
w< == T =~ - —
Z ) ™ - us wi
O -~ zZ2 & P4 - Y
Z o~ Z Z [—] o o ~ -
«aln + o =) < wn [T
»Z i B | -4 -4 [ z -
b ~ w5 > ~ X
0O w woaw o o x [&] ]
20 T AT - - x Q Ll
om - X 2 [»0] -~
-~ o - axXax O (@] [} - o
-~ O - LTI O [82) - o w
wie—- W w1 : P [ ad X
oOw 0O Orod -~ —~ wd w —
ow O OO0 ¢OC - - Q w -
T EZ T e W (7] o -l Ll Q -~
~p— - aOWO [ 2 — « =N
>x o X XPO¥ L O (o] - - we .3
[=Xo g o X Q¥ ~% D =2 x ~m Z e -
o<l b~ I <L DO o x - HO~ W =~ .
oo>uw > D>~ . . <t WO O W - Y n
«O0Z W Z ZOHO W L > - W< ('S + Q- TXY [
o *.d ~ ez O (9] < <q I D W w O <
O D> > 22 . . - b= = - 3 = W) JO b= w
% ~ o - W WP E e~ -~ et Viow L o] — 2L e PN
~T) N B3 LI L R N m -~ LB o I - [l had 700 L S & V9]
-0 L O 0O~ W uw ne O O = ] ) [ et el el S 91 V3] -
-Dwo X wOQOOW >~ =T = O~ O O b~ o~ + <SCTX <t
a2t OO TLWLLUE LS 4 [ O W oW Waow ow OO -
Wit~ <X OO Wik - X Wwo a0 QO JwE W Wi Q. -~ w
=<0 O NUNEF ) - Jda X a Qv O vV X b ot ] E ol O
- VNOoOWO 1~ 10O @ ] <X (723K =t b O\~ . -
) AN mem - "D NN N~ IO = o, T e e e -+ - M A <
n2Z2o.s NODO+DMOZOQRb—= [l o o] nNeo N O MW b ] + Wil e 0L b
L~ T LU~ W~ ui- LW Z Wi wy el J T T -~ O el Liiidd T o
[a 4 PO = YW % LIl e [FRIVELE ol o « « «HOl ol W e _avin o
OX©O » QDA TO N JID o iy [ oo ] KoM - - oZF xE TN o oy L
XN O el il [aned aad 22N 1] rXxe XU XOM O NI O
o v LN O LICHCES L) Wi O ] o LWL I ade~ DL Wiy MO X WX O il =Ll 0 X e £
N~ iD= )] BN DTN HDDE= weiw DI~ DD 22D HZwova (@]
LAY ] ZOOHOM-NM-O OZZ0F.JZZH ™M Z WUnNOZZ nozZ L NHYT O OZ
[ aadl and WOM<I W P 0alO~ el Ok O WO it ot Ll S Vg ¢ 4 >
Ll e Gl o e L~ QN v b e O b = b P e oW o e W~~~ W
W gk Z2 0N 0wy X OZ22 E QZZ2 0 O HZHJdX 22 —HE2Z2Z E O - - D
AAdIXOOWNNTI NI N J SO HODO0OUWLHODOONOFR X OXOXIHOQO <A-HOO HUSW Yu s 2
OO0 CO00VFFFQRPOOQOMFOOOOCOVUNIVIOIOFOQ O-QO ——_ O

ot N MNI DWW N O oo
<] oo oo oW oo (=X~} (=2 o

o O i ~v Lo A o R L o Rt &1 O OO0



61

- NMTULWNROOQ@HOIMIWION OO ONIMTODWNMR QOO ™ONM T UIWN OOV INM TUNWUN OO« OUM T U W
NAMO WAWWWWUWNOON MR S N N A e e R O 0 0@ OO0V OV OOO0OO00O OO T v v v v v vivs
Rl al ol ol ol ol ol ol oL ol ol ol o bal ul ol ol ol ol ahal ol o ol ol a R ol ol ol ol ol ol ol S ol ol ol ok a b o I8 IAVTAVES SIAN LAV L VEAREASTAVIA AN TTAN A VIAVEQ VIR FIAN]
it el e T s et et e s et T e et e T e A e e e e e el e e e v e
® 00 0 0 00 85000 0P O P OO0 S 00 SO0 9SS0 E OO PO O S e S P OE SO0 OO e s

O OOV OSSOSO SO OO O OO IO O N OO O OU T A I OIS NS S OV T U N S AV U D A IS T N U N IS NI TN O U

NNN I X W * LN & » o~ e & M= N Qe XOR <A T [
OO X o« O . ~ %X #» - AN % LT NO* Q) W o~ - O ~
s o0 Q> X > [ % SNV - [T » - e~ »EX® -~ o *N—
WO [T T T s VIR VR 7 [— I N &1 > ~ Jl =~ [AVITIRN Wi Y 6T -9 N ~ e X0
[TRTTS Nt 0w o * N o~ v A0 WX e X% eX W) wma
“~ean * 1 O A S T A VIR N - NT o\ o2 v XXE U S W »
» % ¥ Dt E ¥ o~ » 1 X N VHRE ZINER T ~ oD & X~ a "~ *
[7: 0 S S S Vi1 © -t mOU.N 8 o OVXE NX TR X Xy w
[ Hilad X O | & = o WO [ Nelgy]] ONUY s I N O~ O O WX
- U W & O X ® x b TV R 5 o nxXm o ONF Ur- - ~—10
iy - [ICSH - o W IO Sl 8% XX¥ ThW IV © » D -
-2 e 10 » [0 a1 » L - el njf T o N O X % Q. . oz
IO e ~i% N Z *» % [ ] © X v L ToOo NO*QA O o~ 0 >~
waao > p o O P W AVERS [ L& o ot e NJO~O »+—X» W wEJ
—-E IX » Z X IO e O HOWIO® TWwih » X »Q o<i.g & o O» W
Wit L N § 10O o O -0 XN [’ HQWO OWOW XO0T & XM =X X * o
O ol & X Nt & M o XX &« )| «Z & O% —~X¥ ST T T [ St
AO IV O V) < )X -~ e ™ < Ui oL N I QAT o - om o - >0
o | | I - Z S0 *»Q o <(_J0 WV J MXM X #» XN¥ 4 O
L <1 210 » W Zvt§) » OX o D> NEZLT W TR IT T~ . L
Pt NI T 2~ | Ow - 2O o W ®om & O aav T ~%
wow < o) & L Hn AN T N - w SO W £ O®F XU (X% W u »
oy 1x O 0O~ | L [\V] < JO% O *O XM~ X < - O~
IT 1o » V) 1O X - Ow Z «aZ0_ ) O »I() WO & X oxwm
L™ L i) & o z IIi* M 0n *» > it ol X% w@ » X% O Xoxoxm
oZ0 N b - & 4 ™M e D) e Lt SN X e_ [-gads g A=Y Y M » - o wi<t
Iwx ONISF N~ - N XN » o Mad ok I ol LIO o XU X i
» % % » L ~ <D NANY N o~ W O o ~NLT 0O U XX¥ T % O S\ % 0%
~en <P 10O » O« < | ~eOX (TR W) e «O¥* M & eam e NN eX e
2K X i O Ziu 1 1% 00N - N<LIFM% XU e B XEH WL e\ XX
D O G e O [+ WL I O2% - o SNOLM WHY O R0 UVIIINWOD ~S§Oool s
wnmn b 9X % [] 1§ Ol =~ N - o =T oo o < o0 XU o
NN\ I s 1 1% X o O NIIR* e NXTDAULE XIE O NE T agU*
NN\~ 1% & X m 11 & P -t ol | NCOE LD O~ » *xXN «OO©
OOoND t o~ N~ - X oI i Wl HIO el nOd XD2IX O o X.d
™™ e e X )IXO ~ DO X ) NI - ~ e W ITLZITIO% N OWON ¢ X O®
QLWPOW 190 * W [N Y@ TR (7] L I 1T o S o U B T W~ & QU * NHITO>DU e
oLl O ine N Z Ol X% TO . O eOn % NS (NI EX =% W * U ety X
¥ onn N & OQerHn TN 2 O MO0 aNON # WO N e ~ NOANO N
k% LI X ON - << | FOXI - xXZ Hw o JLO ™ X D XLNE X -~
NN % e <Z I SNONN w <O o o X HIDM% LLX* MONM U «D ¥
efl HE N 12 Lol oLidp=- - = 1% % o % ~ MLWNNIOOWND N & -~ X st o T o
(&) 1O XEQQ 1 Z o X = N PNJEZLLZ2N ol X () T~ OMNAUEN _J
~Z Z wm N WO=-OA. wmi >X o0 X o %% MDD o DNOAY ~Oonm X D% e o) «Oul
[ o] e % § Z2Le~ o ~ ) O~ T o AMNLE B U i > QA B OZF » WY e w
~ - O LX) QON® % ZU T =} aL¥ o - X % -t el TN P BIERX W e X W™
T I S XK e e SN o> ) 1% o U OII® X a|juXTIr=-X sXO» IEI U NN I %
. ol ol O X (=100 | o x - M oYyl Il N OZ o W ~ XU O ~
O FJTkeid 0ANMNIQOXIZIX ¢ NI ETOZO M eDXE eI atMLUO X =% b D e a=0X
«~i o TNDm~ ) Wi «O0 W &) —HZ% s O 3T %L aE TN % e AR kN
UL O« ZN\O|Idg s a2 MNOI < el o NIT AU et QO & aXOFNNINN & a o
m XAl ] %% K Y e~ e e X X W NX e XX vl e XOHIH e e X XN
T e LLOUWT NI | i o o0 Lill3 O | o O O WD\ O qIH wXZ A SN\ N AN O~
X m OWEFONNI OXMIN® I ot LNX &UO N O NN % M o (O o X Ot * D=L evi®l &)
OCT ne el lZT o SO ean) WOX ok aAaN® oZ% o) an ol aaXOHEIR oS0 JO o & o O
e QT ¥ ovrldvd HAXe | O ot e~ «— " L g TMrded o\ N Ao A XU <
UL IOIC WIIT | ot TOTCLOXT § * o« IXTITIYT THOQIN oeTTUWHT v # =T O owed «a LT OW
CHHNIHE R COrivd | X erZ el OMel |0 o A I vyl v ZeiOF vl o\ D IO X% wiX Y
et QO | (e e [ O™ e D O s (N NWO® L sl e D~ = X
wnxo ¥ o g -~ & -~ S QO e XE eax o« w
Fofpmb b= % % == ] &N b beT— e 0 % O (U % % =T i K% U e N
AIGTAL o o &I <T % NUWD I L AL NAZGID oI VT &8 IAQ# A<A NN o] o~ o<l oI =
ZZLIETIXNXKXIEZ I QEXEF23FT 1 EX 2% 2 3T3XZ0a PRTIN]-19 N NN o ITH INVIN 2 O Xk
XX XOOLVOD 1 ZHENK XX SN s ~EOR L ¢ XX NI &N o (NYX VAU s
OOOOONININOC It U I1IO OO0 1 ONLOXOCCLDO «OVWOOO® OX *Xa a0Q0OF IO «O0O &\
TRTH IRV N QTN e 2 ook LN w b Nk LWl allZML L QU - ol ™ NV Ly~ Oll Xl ¥ O
=HOIM AT o UM Lo o TSV 1 N MO HONUMEN WS - La3Y]
O M D O~ OO O M FNO o~ © [o Y= -t o M3
el v LR = IEANT A VTAN [ VIR AT VT SV RN AV} o NNV ) (2] o NN
T VIV - ~ o

Lahd ol ™ T et i i vt -l ~t - v



WO QHNMI NWU VO HINMIT DWINDO QNI VWO OQENMINWNRO @D S (NMTWNWN OO O I
L a R aIAVINVIAUINVIGVENNTANTONTGVIANT PSS T ST ST P T TP RS B g K. L g . U L L J TR TURTTAYTA TVRYURVTRNTRIVAVTRVVSRVO IV IVe LS IV INSINS RVOIVE ) )
[SVEAVRANUANTTAVIAVIGNA QN IGVINVIAVEQVIARIANIAV NN [ANT o VY GFRQVEANTOFTAVIRN LA VIAVTAVEQV I ANY A FT L UGN TQNTANEa VRN TONY QVT A VT GV T oV Y QI VEANTA VT QVIAN TANE VT A VYAV A VT QVIRNT V]
riviviviririrHrrri vt e s e e et e vt vt el et e v e e e vt e e e
® 9 0 & C O 00 0O SN ES PR 0O PP LGOS EEEL OSSN0 Se s eSO o0l e

OO A OO OISO QIO O OO OO O O O OJOU AL AU OV O O SO O O I OO O I N NS A N NI I N S I

—“Xe e N AN W YT - -0 =
NINE X o %% %k OXHON X I<OT
NN V) siNg o N * o
~ g » o HAXP & (ONF 4 Z o
fXJ% D IR VWD N [TV & ]
LO» -~ u QU XVIDW » ViU g
i wN— o ZWN SOQOwJIv O &
WXL X OWMER XQOOD I Ao X
MUIMO N Qe O X2> <1 €N
[SYE o >R WVIIHUWT W2 Lo
~ o ¥ i XO eN, L QD £ i
XX & o QOEANOWLIO = [TEL- & -
DO LI 1D W eNFFO< wn LM &
N o0 U WENZ - W M X
“NED e o O e osOda »
¥ OOZ% X Zeo ok i~ ¥ v <
> e Y <% ~ZI % O - <8N
W J " IOt Eg N X s~
—HO® W Q. o< X% I Iy}
O% o e\ &N & - *» ) »
QA exX>~ O FO» LOXTX » ~N—i %
> Oy W D0 &« (NN O N
T O o Q% O% 2% .3 - _J<I
D N M Z eewdd Nl olli>>
-~ W XN NN % % % | Hmled
<% ¥ LR R AVTTEE L T~ - N W ¢ Owl
OO~ i ad o N i % D o X b
QxEWV o XN % "o e~ o o% Z
ZXXD N NNwOXeEMyir o Z ok
Ccxul<t L. % ot oll o X >
[FATRE g o N~ N\ AM aMMT -\ L)
U % o XN U W Ly » witNn Q)
o o N N S el e e QO ~Z
XX ~ v % O» *» ¥ O oow
P o o  Z e e e b gy Jon]
~% & e OW\D e % Ttk <
VN » Y Q) ob=r erarmp= T s\
= eaOM W = & =% O% % <I% oX oZ
- O o DO % <l noe oD~ O
D ¥ X MO~ =« OOVO e —~~NT O
N> e O 4 O ol ell. o o wnili] wnvik
wuls X o e e DO aMMXL. &N w
SO N O R OO U WL I Ny X

%% X o~ o) oll, O ot o & o scININ
" O SUVR T NIPHET o % ¥ NN KON
~ e e L el e S s G LI A
AXUVE o~ a3y DN O - Zivu. xw
W sOUWINXUZW H o3 ol @ o (NI ID
oM % e I ol o ON Q% wedE_J
~ eI nXX(D% LU o Jldk ~0N & <
" OXT % wd O Dm e L5 - ] o oI ormltiD>
o<l ol o X ¥ N o O¥ DX N\I~%
XIp~OXENITO «O %D ~NOOI i~ D =
INOIN % DL ok O i ACI. o JITOoOLNZX
ann o O WL "~ o "W i
% XX <Xl O Anx. OM ol Xy o

- =
[ I N
-l B

* ¥
" "
» %
-l

Hoa
~ W
5 -
of=
(=] ]
il
W

N
» -

1=

TLAX,*THKE
’= ‘,&7 2

E

ALFHNAXO o0 oZ O eaelOT MIT *-aXX
NN s X IND I O o ovl itk i

Qe Nt O oD N sl Nw i o2 T

I NE<IH ~ OO & W W NG e

i QO =Mt O Ow® il o= o~
<AV Vi ol o DOt = * <LODAINOHO A <~ o) NG NI\ < 6 NMUNW a
LI WINIEO oUZ HEZ ZZ23UFWMZFNIOZ0OX> T XA TR s 2
XENLW <ALl exwvit ORI ol YN XiEHAWZ AN O I X E--Z XL WV & Cr O
NGO % ~0O *SOWODJAN W OFTOO® L XOINDHOOIIOMR FOTOOZEHO &« QL% OHONOZ
ol X w20F WU IO % O el UL WO MW Wi O ~OLN LHOW OZ & Wkl il
M =HOAMT Y SO ITUNOND HOIM w0 et ANMINON SN A ANMSENDON

Vo] ~ o N O
™ M~ (AP - §
-« - - v i

142

o X% L0 ~0 » =~ OO wos ik =

* QUNOIXi- xXZ Q HILEO % Okdomi-d

LQWONUVIRF U » U QUi ~ILIw -

| ol L% MO o ) o QQU!} X< e

Ol NI 0. w W Wi SNy

QO TOOUXNQ o » T V) o200
U NS LD X e OF N-R a

[ ] ) TP OL IX g OV~ LJd L

X AN e [ Ww 0 Wi e _ifiLid vi

L % N VIR O» AT O Dl &N

N e e L o LN VILQDID LM\

W O ~N—L O X » N oZh= T O

N e X W ZO Z e  RIOZ WU\ o

r MI~an & £33 O P <O W3

el o O N DO 2 H S~ s

O W e M- O X0 ZH» * %< =

Uk nebl U e O & ~O% *
" NMNWIO W O QLW XU H el
¥ H¥ el it (&) « 0 N OX ]
Unn & Q-0 =™ £ O e
NOOWY Ows < <L e O& ™o «
WZ & wx e » T Wwe AN O
IO NXO O « O O W% % Wu
Z00 %D OuwuMm WeaminJu -~ o>}
W oA o % N\ L T
OV X X X Ndb_JZ Zdet
O ~ANWON <l <THW» ~Z [ I 1o B o
% ) cEZOME~ o~ oD L OQ WO
ZU) ~N% E s NN~ Z 2000 »
DO~ (N N QODuwHH O XX
- o i Wl % Wil 2r--O0ILON
L T WLt oD oLk Wik OZ ZUV »
OZUCKDIEQAY Z~-ZUW% T Wuuao
P = el ¥ L0 i <0 O i e~
O IOZ ol JWL JOME-0ODZ & T 30O
O <0 % <IOX <+ <<<id e (Wil db=<T L e
I e~ i OU® WAL IO~ W -~
M A% % N e N WO > W) s L
WD & WONLJNOMUI~ s Uik~ XO0 -
a2 XNEMR WNW o) % OO0 ad.d Ox% Il %
NW<IMI-D oD><IQAUTIZ HUWIXD> T -
<IN JOMOF W WENUWLEO H QX OWZ AN Xt il
~ o EZed e L WA TIOME el
Q2 a% M Z o ZY XN O AT
* )OI * OOOZ O~ w Z0 VI
Lo agsal JTED- QA LWDO DO XNO<TX-i¥ Ll
N ZWet o ¥ XD & W QOOOWY) o2 )
MDA oDAY AV aAITZEX N>
FJO0Q A db NOLADZT>vNOL &N _JO
o~k bl e Ul <l OO% % # OQOOXNeIQ -
~ e LTI W o W O N ONZ Ln
WX X WA DOIDIXFUVIXA ZXWY) Th <t ~ «
~MN G T MZWM QNZ AN v e\~
NI N T & FTrHIITOMOR N¥ =UIMNN -~
N NMUUDOLQ A cOa w2 LIRS S TEST- G A AN
- FaF © O 0OZ WZ WO =001 ow
I Tr-Dd & =% T <ICTH OQXW X0 LI o
v O At~ D N0 N i TN
s~ QO WNE XY Z X M hai L B VIR g
QL «>2W ot NZ OO ~ aN% MW -
= Z W XN O 3O O% . & e || % —

LEVEL

143
144
145
1LE
147
148
149



)
TP DWRN VOO 100N J UNW 0 OV v N M T U
halalal ol ol ol oLl ok o IACIAVIAV]AVTAVYIV]

® 0 080000000800 000000000e0s0,
MMM MMM MDD MM
>

[

—

L3

>

-

Q

[\Y)

(e

-

> .

- 1

o P

. -

I (et

(&

- o

b o ()

) [V

fon ] L)

(% wx

o )

- <=

> (72172}

) z >

[38) wwn

o Q.

(@] = S

(] (& =z

- om A

3V} > o

o O.d o

w <z (7]

- < -

g wn<t —~

I > Z

o al I ~

72 xzZ o =4

LN X<t |- X

() L-4 < (&)

[&] o O [ 7]

[ 7] wZ o -

'S L4 o~ W P

sV} ——t - Z -

[&} Q. (=) bl

(&) X e Z o

(73] < D>~ (&

L [ 72 0« o B [72]

<t Q - ~ o~

wi - O W -~ - M

O T W ) Zw Wi ZrnZ o~

P4 oV J J ~ bl ditd T

< -t <t NO IO d HHZ-HET

24 nu € O O>O>0Q o~

<< ~-Lr O QO>0O> ka3

Lo b wn N~ Q0O O~Iw

W = U W NENEEZO0OO0ON

pd rZz 2 Z Z>@N>N OnCe

-4 7] o B T ] Cdd> >IN NW
- - - HHO IO JH -~ I~ D
Do~ ww»n DO D NNOD PO~ Z 2
cz O> G O LCOIO i~ i)
X = 94 kX WOQUOUN~ I~
oW <. O O Zuunan OOLNZ-O
Qe o | Xw 2 2D MM ITOOOO0O0OWZ
no LD wm QIZZZLO0NVNNON W

i

OO DOV -

L
THONNMTNWNOVOO

TIFITIIITIS

-

o

“~

e

w

X
-
W = -~
b ) -4
- . LS
-z o
>~ L]
[ ol (==
O -
b Ao d -
*wX -
- - O
Z o~ )
L -
[ F -4 w
£~ =
LAY [
O -
onm x
N =~ -~
o~ -«
(o] of -
QL (=]
[70 Boust ol
[ & <
NnNO [=]
cw o~
(SRR -
)~ [l
o =z

pra -
X~ w
0N =
00 HHeaam W~
XKD ey

NN~ N
W _ ZO0ON -
Z2Z O0C ©
=HO NN
Lol NI R e 15

KWt & o = D

ME HE-HZ S0
DO~ Ot U2
NOOXXXOOX L

63



]
SNMIWVUMNOUOFINMIUMON OO TNMINWNOO D M T ENOMN VOO NM T NWANOOO 0y
Lul ol Rl okl o ok o L oINS TAVEQVYGVIAVIANEAVEQVIAVIAVE DY S TAS b RistoprTopl ST ord oo B (. o0 (. B gL oLt o P oK. TR JTAYUA Y

® ® & 5 & 0 0 0O 0 0O OO OB OO OGO SO0 B OO OO OG0 0P PO PO ST OO SO Soo0

U WD DO DB LA O D IO D D DD D I N O DN IN DD IO IO N N D DD D OID D D N IO D N D DN

- L 3
(%] Z o~
< - W
- 5 Uy
x e
[FNIVE] w >
wE - -~
P ] ~ I [an ] - —
- ~ ol ~ ~ o Q (]
- o L~ (W] « z (&) (&)
< Za ~ ) - (&) (&) - P 2.
- [TV 1) Nt &0 = x x - L
K3 [+ Z~ i . - - o 14 [+ 4
X ou <L O~ - @x -~ [+ 4 w (44 [0 4
Q [ -l —HE . (&) @ o o < [7¥] w
- o -0 ud a J Q W -~ =z P4
- o~ Ix>Q. P4 P4 = P o [ -
w L ol ol T L] Q - L bl x [} [ ]
=z IToe ~uOI h'4 - o (24 o o [+'4 [+ 4
<3 [&IVE] < OO0 < [+ 4 [¢ 4 [2 4 < o (]
- -2 o <Qq . o w Q - < <
— z [ FRVE PN (44 2 P4 < Z X - -
x -0 O OW o -~ - - - ot K4
- 0o X rivd [ a o Q 4 (. o o o
o~ w d > - (G} (@) /4 o P < Q
o oOv) wTe—->T w 2 (&) o O - - -
x Xt [ 46) A&} o o P4 P-4 < <t <g Z
-d i -~ T [s' 4 - - - N - -
w - I ZL oI 2 (@] L <t (] <t (@] - <
- - -~ OO0 =« - N (&) K = X 3
N o<y Nem & o T [} () P-4 XL - - e
o >0 OOV~ Q w W - o [T - (&)
w3 x NHOOO u (%] [72] <I (72} - - [
-~ 3 [ ok o P4 Lt < - Q - -~ ~ -~
3 uge o e ladatadils 2 4 < -~ [&] - — ) -~
I (o ]&) -J ZuL >0 wi X -~ [72] [ ~ z [
L o e w - NS L& > Q et L bt N <y had
w (7% L 2 nad SH-NQZ P o - . o -} L o
- w Z - IO & o 78] () ] X x - P
o N ez O Z OIXOITN Q [+'4 [&] hed Q - x o
[ Dbt O ) & OO << (7] o n w - [
(7, qIZX <x [ &) ul < L Q - - = LY
L) L ~ - L) o w V) » [ el w - L (VS -
o It ZieiD =~ < O O » (& ] [ ] (&) u. = T
(&) < - ~ Dt g 3 P 4 L) =z O Q. - o (& (o] <
(&) e vy O b ) " o Lo T o ] o [&] 2 x | ot (&)
v) WV} > QL O~ w w QN o Q. I wd X -
~ -l QO e 721727+ 8K, g4 x I < o~ [&) (@] (&) u. - -
<g il o aZNT = D + u - - (& - -~ | o >
- ~y o W ~AIO O _ o~ X - > - > > X T o
[+ 4 now W J Z A0 < - = = > = = wn L 2 .
[ra] ~OWw J -~ N < X ™~ £ o N x 5 g Z I
- XX o < N~ N [T o o o (@] o N T O N\
- Quim < O o o Qaxrs 33 O QO Ot L0 bt <P~
(@] >090 O Q> = ZQX —Xa bl VIR g g X Y
ZW—- [7] nZ Zh L0 OO o << o - I X~
i o W W o QO Ik xZu ZzZ QO mo -0 uw i =ON
-4 OV Z2 2 20 (7751 wil O o= ~ 20 QO 2B Z| Z~ Z-0
- (12 I | oN NZ Qv HYHW v H D e e e V)
— —>w - [} I WHHD i~ i L~ gl Tom Ipd A I ND
) o e~ D D wnZz Zd Eri~Z A= ZMr4 T e b e =) AT
[ av.o O Q <z O (5] = O Ol QO wO =O w0 NO Z20O0 w0
(v'4 - X a 2 wd VT NQAF-OM O I d T O NI H ST~ D
w L B e AR »a ] 2. X rFa < ITZ I T2 O-LJOQJOODJILOAdXOI IO JALNNZ=-O
2D XLE DD -0 O WO ITOLO0O0O0OYIVO<IOONOOI JOAr-OIOO0OWZ
[72] DD~ 0 v [an] ) O TOrO LOLLZOTONIQUIXEOMIOLITOIZOVIOXW
LY

OOLOWOwOwOw L OO \V] ™M

64



65

' L) J
HNMINOWONOONO ™NMINWNR OOV @ NN . NN TUNO NPT UNWUMNOO
halalalal ol ol ol ol ol o IAVISVIAVIAY)

® & & & & & ¢ 0" & 0O 00 B O 0 . & & ¢ @ 0 ® © ® &6 & 9 & 0O

.

[
[72)
T
-t
<
O
<
L] - -~
[+ > x
(Y3} < <t
[T¥) X P8
Z [0 0] 20}
- Q (&)
£ L L =N
! > > X >
et X<
o g <X
4 >m >
- Z0 Z0
o ~Z aZ
=z X & X =
(o] o (%4
a. [§V) O *» (&1 4
78] Z<x » g
w o N> - ">
@ - oz M el
x O w - O~
Q I o ZX v P
(&) w (W] L I g " &~
-~ gl >~ X D=~
P4 [ R4 o~ o~ wx » (V94 -~
L) £ O Z wl o~ [ 8 2]
(7] < QO “ ox ™M o0 )¢ At
[ ~t - oD - [Jea] [aa]
—~ e o~ W ~E ZN OV Wwo o wo +
=z > - Z ZX o . QZ + oz -
- x Q b R o B N ) > -~ x>~ o
-~ e Z vl i~ . a» = a> -
> P o b - < U. L3 < U [¢8]
p- < (I} e [ L] o Z - o i ~ »
- - o 2 ~n <« —~ -~ »
< O W DX i o x> X [WVD 4 -~
i [ T W R o\ Wi O - % 1 4 -
Q - -l ~kx >Z L ~ T o~ i<t -
<< < - Y TODO © < Q> o Q> ~
w [ <t [&] -, - Y s [ D4 ~ oz o
@ (&) >0 o [==] Z ~ M Z=- Q>
|72 8 [72] T A~ W «l mo + m OC»
[3T) o W w Ui MMZ . [T W Ze w Ze~
Z g Z 2 44 LR -} 2Z ot =22 o
- X - H_ S>XNMHI~D — )l 0D i noo
D 2 2 NZEwr~—i>2Z Z - D2NTINEZ Q2NZOoHhNnNEZ
o - © r4S) =il < C<&L ~+-HQ (&S24 e ~Hk
[+ 0O @« WEJOQw~— § D X [ VUL T ] e ] W\ QNI DO
m a O m 2Taqaa Z-— X0 Qa ~wZ-0 CEQH ~2Ze-0
oD w 22 2 HOWWWOoOL O OZ DO 0OWwZ DL O»>OwZ

QW= OOV N OMm - : Lo



s NCBMAX)

RX
A

]
FONMIT W

® ® @ & o & o
OOO0Oo0o
v vt v vt

FY,NOB,NC,X,NVARX , NOCBMAX)
Rx) ) xinvagk, koemax?

4
X
(2)*¥X(1,J)

- 0D
SINZZ
COL e~

[ G TEE o e T s )
maE ~Z-0
DHO>>0OWZ
NOOLOX W

L]
O T UMW

ARX yNCBMAX)

gNV
NOBMA X )

X
’

oZ

s FY(
2J)/(=B(1)+B(2)*X (1,4J))

NE MODELS (NPR
B (NVARX)

66

U
TN TUWIN~

CyX NVARX ,NCBMAX)
RXy NOBMAX)

)
(2)**X (1,4)

Z2Z e
O~
[nadiaml [ o s pun]
SUVMHNZZ
O& ~~Hk
[ VUL R T e
T2 ~Z-0
D= O>0OWZ
NoQWL-OX U



U
SONMTHDWN

XyNVARX , NCBVMAX)
s NO

o~
>

<X

=

m

~Z

o

L

Z<x

>

[sa )4

O~

<X

LI

>~

WX o~
ot o~
[sal> xS |

[ 0a] L)
WO 4
oOZ -
X~ X
a> »*
Zl o~
woen

~ -
M~
~dX  +
W<t o~
Q> «
OZ w
b 2 812 4]
DO
W 2N
22 O
O ol
b= 0 D
22DDNOHONZZ
OCZ e~
Wt D
M2 ~wZrF~O
DHO>>OuzZ
NoCcLOX Ll

)
CIOMIT W N

RX,NCBMAX)

0
N
(2Y*EXP(=E(3)*X(1,0))

W Z~
ZZ o
P O v Ly
41l DD
jo 175 Raw N | V-4
oZ —~Y
[ARVEE o b ] e ]
Wi w20
DO O
nooLOE W

'
TN ST UIDW N~

RX yNCBMAX)

p
Y
(2)*¥X(1,J)**(~-B(3))

67

U
UM T IDW A

sNOBMAX)



IO OO

= O O N O U D W N

SUBRCUTINE ITER8 (B,FY,BY,NVARX,MODELyTME,K, TIME 4NCHOICE)

0

H>
-
zZz zr-

T W
T 0

U)HH

R8
RAT
RCUT

nmmrn

SuR

Z

-
ke OO

ZW0n

—fom Ik

m M 0O
NI

e

—
A
(=]
[WS

TER81
TERS81
TERS1
TER81

O 0V 0D VO AZ

0 10 A
ZrZrd Zrd Tt Z A Z e Z A Z o Z e Z b

)
- 4 -
m m m
Q0 X
® ® ™
e

0

TERS81

MOODVOVAIODODOIODODAOON MO
n

ZMBMBPMDMBM DM BMBDMDBMBMBO X
O = A= = ™ e [ aed = ™ e [ o] et = e

2N

NODTI~

OOSING AMONG 10 MODELS IN ORDER TC PERFCRM

RECT CNE.

E CALLED BY? 1) CONTRL
ROUTINES CALLED?t 1) ITERS1

NV ARX)
EL1,MODELZ,MODEL3,MODEL 4,MCOELS,
EL6,MODEL7, MODEL 8 JMODEL S MODELLD
b95,6,7587S,10), MODEL

(ByFYy BYINVARX yMOCELL,TVE, Ky TIME yNCHCICE)

(ByFY,BY,NVARX,MOCEL2,TME, K, TIME,NCHCICE)
(ByFY, BY,NVARX yMODEL3,TME, Ky TIME,NCHCICE)
(B,FYy BY yNVARX ,MODEL4 yTVME, Ky TIME,NCHCICE)
(RyFY, RY,NVARX yMODELES yTME, Ky TIME,NCHCICE)
(ByFY, BYyNVARX;MODELG6 yTVE, Ky TIME,NCHCICE)
(RyFY, BY yNVARX ,MOCEL7 ,TME, K, TIME,NCHCICE)
(ByFY, BY,NVARX,MODEL8 yTME, Ky TIME,NCHCICE)
(ByFYyBY,NVARX ,MOCEL9,TVME, K, TIME ,NCHCICE)
(ByFYyBYyNVARX,MOCEL10,y TME K, TIME,NCHOICE)

MNP GINIEE DO DN M UL N A DO B ~I D UTL SN O NN L AN

[SXJINTINTINTAVTANT AN TANTAN AN TAV N TN TAN TR TN TN S Sy S ey S e

89



]
M ITOWOOO QNN TUWOIMN OOV WM IO OO @ UM JUNON OO Q™M I W
babhabal ool ok ol ok ok o JAVIAVIAVEGNT NToVIGVINVIGVIANT, S0 1op oot o RipTop o X b 1o JE. . (K B BN K. K o

® 8 0 00 00O FE PP OO PP O NGO OO PO OO P00 N0 e e
€0 €0 Q0 @D 0 A €O €D A0 A QO Q0 €O 1O €0 A0 €O A0 A0 €O ¢O €0 4O € €0 €0 €0 CO A0 €0 4O €0 A0 O O O O AV B0 A0 O A O A0 O O
ririririri v vt s i et v et v e e e v e vt e v v v e e e v e e v e e e

IIEN ON MODEL. CALCULATES

SUBRCUTINE ITER81 (B,FY,BYyNVARX,MOCEL yTME, K, TIME,NCHOICE)

- -
Lol -~
- [
w w
W PR P
s o 4 (]
- g - - N
[TV N FY L L
> ~ O i - O
s (o] - L -~ -
-~ 3 4 «4
4 o L - O
- L aned > > W o
<O ee o (s8] U [ p IS
x@m > [ Lo -~ -~ Ou
W @ e [ 4 oD NON
b [oa] —~ - o L
O O W X~ m e I
w 3 o o O O
nZ 4 < o (¥ o X a0 (==
p-ay VS R R ¢ >C Q. Z ac & -~ .
x> g O Zul Z » Z tmmO -l
Ok ~ e * ~ ikt o +
o w [aa]TV) < L] tnao -~
o W ou O 9 . Z vl e e =2 +
ba 2 Z L Wi oo (=] ~ L= O D W
G e oC O w ooy o vi DN~ _Jad e O =X ™
w e~ HINO oo WM w9 Q> et OO HO D
- D D o ITZZ— ONEF 1O ZTu@>v | "o~ = =z
) o O LZ2ZO QMG > oOf i~ e i <t O | Gtk
xw @ & WSO Wl ol Tt~ i ZZ | W 1~ uw<D
w o o = tt—Z 200N X 4 HD DHE XZ1 IO
D D HUE OO NN b OO N T U U QOO O I O>>wZ
i N wn OHOOKOZZEZAA X Ol O N Ok it QOO O X O WO W

OV OLOWOO - N M3 N

69



YOOI OV O

= WO ® N O W N =

SUBROUTINE EQUATN (B,EQUyNN5,TIM,JJ1)

EQUATN _CHOOSES
. OF FITTED DATA

CORRECT
FOINTS

SUBROUTINE CALLED BYt 1) CONTRL
SUBROUTINES CALLED® MODELS 1-10

z
o>
D
D0
Me >
r~mn
e (O

e
O

DEL?Z2
ODEL3
‘CDEL 4
ODELS
10DEL 6
'{ODEL7
CDELS
CDEL9

0

n 0 0 X

CrCrCrCrer oo erarcr —m
I Rl v
zzzrzzzzr:zxzrzzzxzz n

Z MBI M DT M DM B IS I E O b
ke

MAOAVOAAVOIVOOAIVODCHTODOND
3 Al ™ = ™ e ™ e [ o (= e [~ ™ e

)
)y JJ1
5,05TIMy1,1)

(NPROB yB,EQUyNN5,0,TIM,1,1)
(NFROB,yE,EQUyNN5,0,TIM,1,1)
(NFROB,EH,EQUyNN5,0,TIMy1,1)
(NFROB yB8yEQL4NN5,0,TIM,1,1)
(NPROByB,EQUsNN5, G, TIMy1,1)
(NPROB,E EQULyNNS5,0,TIMy1,1)
(NFROB yB4EQUyNN5,G9yTIM,1,1)
(NFROB,yByEQUyNNS 30y TIMy,1,1)

ODEL10 (NPROB,B,EGUyNN5,0,TIM,1,1)

MODEL FOR CALCULATION

LSO A 2300 B I NUTTLS O N kb €300 (D DA LN CAN =2 23 (100~ (ML N

Cal CALEat €A1 €AY N NI N NI IS NS AN b b oo s o fud ok b ks

0L



71

1FC’Jq:aé?eC.nu127»4:;678«».[123“—546780‘01‘27vJN.CJ678901279“C4678C.C1234C«67
1111111111»/.2..‘222..‘»(»‘2.497»1&1&3-é-lu-&uaab'b.lu..“qqq““b.-uasr:r—a‘dr—as:.

® © ® 0 & 8 0 0 O S O OO OO SO SC OO S eSO S0 O O e S 0O SO OO OO OSSO BT o0t e 0

OOOOO0OO0OOOODOOOOOOMOOOOOOOOOOOOOCOOOOOMOUOOOOOOOOMNAOOOOO000
[SVEASTAVIAVIA VARV INVIAVIAUEAN Yo VENVIQVIAN R oV IANTAVEGNTAVT oV IGVEAN OV TA VT AN EAN oV oV IaFTAV TQVIAVEA VI NIAN FAVIAV ARV LoV IANTAVEQNEAVEQNTaV RAVEQVIAVIAVIR TTAVIANTAN IRVESNIA VY]

R ~—r

[+ 4 TE] <t .

(S 7% auy ] w o wl

(VIR VR [W) > < -

] hd <X -

Vil & o . W
o~ w O o ~
< Lo 179 < - (4]
Q W MO << - <
2 M~ - L3 ] [
- LMO Ll haad P -
X - w X -~ L) <X
¥ + - - (=]
[FE] X0 — ] i (2 4
pd -« W O ~ L} <L
-~ od> U oZ . 4 < I [aa)
oW - P4 (=} o >
L QU O Wl i X
oM © o= . haal -~ § .
Zr- - -4 ~ oW o
anDOZW QOw <« [ e V)
VNOOOOIZWEL S I x [0 4 i
Y- O@o O haad o > [an}
QaOoOnNaZa Q. - ~ e X -
02X - Y -~ tu . -~ < [72]
20wl ut 4 '} [0 4 -~ Z
~ THXHE - hndt [24] (o] -~ - = <
xZ QW Z~Z o8] <X [ v (e}
CIOXWIT X WO <t - ~ Lot -
OFHOOFOI - - -~ a >
X~ L 47N > L > Wl -~ [ N + 8] <
uwa wh -OUOXO ] ™M xX -l = C
OO W e -~ - [ d and b - -4
KOl <t =~ -d [S VIR V] = [+9] o Z [ o] > -
IO XHONY ~u) o] b wx <I < - oy o
DOl ~N~HWOO <X 0 -~ o - [ad A (] [ o -~
X V)L« - ZI Z i } > XKyl i < Lol
oI ol -O K- O (7 XV [ L] [ g - oy
NZ0000 X - OX X wa - (a1 4 - ~ -~
g 20 U O Z N"Z - g o - [S2] de] o -
— WHEHOZH~Z [v'4 W wn » <Z . o i o -~ 0 -~
X0O0OW O i< D O XM ~ wo [+ 4 xoox -0 -~ W o~
WL LI - -2 <X~ =zr <3 qOW - x x w
oI Oluit~ MW i [ I R A - omoN O - (] <t < < ™~
W - < eIuw X O o~ ] w <t Ml MM~ Z wo W uw m L]
<A QU prd O v~ ™ O had e oo O X = X
—20NZrOWIX X [s LN - ) (o) Q) o~ —~ ] [] (&)
X 0 - Ol - Dl D (D W wmao O QO~Z i o~ oY e [ ad
- N WX ol «Z [t B o oo JEEE - 422 TN « o] n<t Z ZUNI +i0 o X
O ) it~ L) wo eZ <t < wo <O <a- Qe 2O w 2 (o]
O M Z et xo CcCO Xk - o D [Ja i+ 4 - = p-d v
240 <Z Wik e XWX QX -~ -0 0 QN L W
— <SlWik-H @O ~Z QO 1 ow i~ HZL = e\ [S I« o} -~
< it~ ) -tz e ~Z W~~~ o wmw <I o [ ® o o <L o oON
- DU <TX o— ZO oe(NO ™) [ N TVIEE B 4 O~ QI CZ &L+ [~ S o0
OUL <O DX ) OF aw2Zo 2 i@ Ul WaD Llbi =4 < ) X oYy
L <L b o W e N ow O ¥ wou o o 2 e T T~ (720 4 woo
& —wo LIz = o) w0 waalNmMm -~ - ZwUVZX (21720 % -ZZ
H O W O e OFZVNO OFllaw ©Q 2 Z4v OO o= k" xZ O Z1ok-01 +
-1 ZNQ0OHZE0C KA OOMUW <gOXMOHOo3Z W Ou FIATHFZ QA9 OIPVIOWXOEZ NI L
D NIHHY XV) HONOOITI M>>I XZ OF TV SO d- OQEXID D Jaasx QD
Ch 2 O ZXTHZZ =X 01X i OEH JEIIHAAN > XZE™ LA Z0LOHEAAZ0O0Z22
Xz D« WOLIE S~~~ 2~ r—— <1 HE> il >~ HH>>" 0~ N~ ™ -2~ )0

D¥OXWIT XU WX U LUl FOLOOOWOUWODI D DIDWLODIUL OO HIL UL DLW HO<IOWDIDUWL D00 W Ha
NAEAZ - AODOU ZHFHLIHOZMHMIOFHOOZZWETZZZ2ZH ¢ ZHXZT I HHZHTOZOOZHZIOWHIT
-4 -4

[==2 o] N
OOV O [&] - QNOMN OO0 (&} [te) N D O¥ vt Owl



]
WOVD HNNMITUIIWN OO (NMTNWNSN OO NN T UINW
DAL OO WD WAL WO T P P P 3 N P P ™ P €D Q0 Q0 60 €0 QO 0

OO0OOOO0OOOOOOOOOOQOOOOOOOOOOOOD
[aVIARRAVERN T VIAVIAVEN S AVIAVIAVEQVERN SVESVEAVEAS IR TaVEoVIAVIQVIAVIAVIASIoVEARIAN JQV]

INE |
) NUM=NUM+1

ENDS OF TABLE

> X
L~
TEZ
o)~ OXX | w22
ZZQ QXX
[ ! KX o
oz o0 pagaal g Ul et~
Otk Wi Il <1< = O\ >
[l 2> LN Tl ZHH W
o) N edri— DX +W )T L
TEZX HAXZWL ZNA~AXIOX HH™H DU Dl
Dt g~HOQ AYMZXZ -~ ZnzZzoaonz
222 vwOI3ZONX XYY LIOWT ~HELD <G
U~ HEXX e QDX <D
x xXZ XY XX Z X - ZM~0 M0
Pl T O U I LI O X X O X FHO O X O X LWL X LIZ
LHEIEETOMNMEZEZIVIN OX UL YO Y SO0 L~0OW XA g
-v4

Y¥ (X (JJ)=XBAR) =FX(JUI* (X(II=-1)=-XBAR)) /(X (JJ)=X(]II-1
M

<
o
~ [an
—
<
—d

Wesve - OW
X i+ Zr

T
0
G

E X AND FX ARRAYS

X (KKK)
L
A
A

72



-- FROM DATUM PCINT

RESULTS

Q -~
[G ]
& w
[v+ 3
wi~

o~
own
[t g8}
g

[ PN
4L
~Q.
I~

( ~
[ P
[+ Y]
xx
(L

&~~~
QW
@ Q

L)~

CEVD
LB

X o~
O
34 1T
o
Li) s

Y —~
Qw
@xm
X<
E(

73

£ P 00 0N €3 O M LD A0 € OULN £ OV GO w4 LN 80 0\ O O P O D w6 20 w10 (N OO M M N v v D O et T O NN oY
N ST ST OD LD LD 6V W0 OO WO MNP PN G0 00 QO QY OV OVED 62w v NN I MLT ST OO S O v\ P ©2 T O O v W v
Ql..0...0'00'.....0000...'0.0.QQC.......'QQ.O.'..QQ.
Q0 60 90 60 60 60 €0 60 0 W A W W G I AW O WO VX VOO VOOV O OO OO OO OO v v e i NN MM T

vt e v v e vt v e e

AN O OO0 H=NANMM I NV OOMNOPO-NM TUNMOMN OO =SMNON OO 1M I N0 O
LOCOOOOCOOOOwWr rrivirirrir st riri S M NAN NN MMM S T3 T-TT 3
[AVIAVIAVEAVEQVIAVEANEAVIAVIAVIQVIAN] oS TAVEQRTAVIQNTQVEAVIAVIGVIAVEANTA VI AVIQVEA S JARTQVIQNEAVIAVIQV] QVEAVEANTQUIRVTAVIQVIAVIQVEANTAVIAVIAVEAVEAVEA TNV 3N}
COOOROOOOOOOOOOOOOOOOOOOOOOOOOOOOO0O0OOOOOOLOOLOOOLOOOODOO
® 0 0 0 0606 00 000 P O QS OO Q0 OO C 00 P O P S S SN C O 00O O N0 OGN O e E eSS0

TR TAFTANE G g8 o ST o T r T TAp INVT A VIAVIRVIAVTAVEL L S o h o R Lo TR TE- ToTE T TS ATEATEATUAL T e TV JL L T S T TTa YU AT, Tl S TTRY BN 4 )
TIITIITIITIVIIIIIIITIITIIITIIIIIITTTTMIMMNOMMIMIMMNINN OO0V I W
[SYISVISVIAVEAVIGVTQ VA TAVEAVEGVIN ST A VIR T aNTANTANY oVEAVINNEQVINFTAVTA VIV S VEARYAN ToNEA A NA AN T oV T o U R GV A VTGV TAVE AVTAVIAVIGVEGVENVIGVE ok ok o R o f ol o)

LA N N B K B R B BN AN B N BN B B B I I I B BN B BN B B RN DN BN B BN BRI N B NN BN B IR AR R N B B BN B J

QNN WNI U T JTOUOROWOOOOOUWO' UM WUINJT OMNWWOMOOQO I~ T OYVT MM OV

® o 6 & 6 & O 08 OO OO 0N O e OO SO H PO OO S e OO S0t OE S O eSS eSO e OO e e

ON MO T OMMOOMINOONN=DO "M ITONOOOHOOONIMMNNNDOOMOD-OMNDDO0

MOV OOOOHHNNMNANNMMMN MM .S TS T 3TN OUD OIS 300 v O IO M PO O OO OV o vt
b 5l ot ¥ vt vt vt et el v v v e el ol v e v v et e e v ed v et v v e e o)

QLU (NI RN W T MY OO0V N WU w1 QOO0 PN WD T 1Y) w1 QO OV QO PN DUV BN T T VAN w1 O COW N (N
® 9 0 6. P S 9% OO OSSOSO SOOSP OO NC OO NSNS SO e e s s E e
O ~tNMITITUDONDOOTNNIMIFUVDNONOOOOHMINMINWNOUOOONONIMINONOOO O -MINMST

habml ol ol o Lol ol ol ol ok o IRVIAVEANTAVEA VTG VEANANIAVEANIANIONT o1 oo T ot ST a1 0T o TopT SN DL . . K, oh= . o

OCOWITNONMONMOQWANDITNTOTOMONONOITOIOITOWNO NOWTONNDOINS WSO OO
® 0 2 0 © 0 00 00 00O G S 0 GEO 0 L0 B0 e S B S G OO E S PO O tOP 0 SSe eG e e
CQ FNNMITINDNWNANMNOOIOE M ONNNM I I ITUDINWOWONDQOOO MWD INOWT M ~O 0N
Firivivivririvriririri et et et S - NN WO OV MUK YO NN

bl al L Lok o IaVIQV] V]

WM I NN T T WOND NN ONNMIM NN T OO OO v CAOMO YOV O W OWOWN
® & 8 0 5 6 9 0 0 4 SN OO S PN B TS G P S G SO SRS PS e eSO ee e
COMOOMOOVIDINNOMNOOVEVXIONOM i OOVDONWQOAUIMNINEN WIS T T TJTIT
CONOOMNDT OOWONNNONDONNMNOMMIOWDOONNMNPMNWOMUED OO O i

T v vt v e e e et e e e e v e O e e e VO e oy v e v e v

OOV MO OUBNONNOONYO O OO OO OOV OO0 ORI N ODONIOMN I DON N
L R B A I I I R I R I N A I I I R R I I I I A I A A N )

O ON O MO O DOWODOMNMNODVOOO OOWD WO OO OOOOWO OO ODOMN OO DN A O OO INLBLOLN
Tt e T T T T v T T e T e T e e e et e et e e v e e e e

VOO NODHO O IMHO OO VOO PPN e N v O N H UMM MM 3 UM LN
vivrdoivrivivdeiviviciviviedy Lulal o) I MO OO FINOON TN
’ AW ONNMMHMMMMHMNHMINM

MOIONONDO - OAUNAINMNMOMOT OITONONHOHMAANNOM OIS OT OO0 rHONMNOIN
FIPIT~ BN W A O OVOMO D v YHUNANIMIIT T UV W P = 0 R OOV QO T O NIM NI UV N OW N U U O
* & & 8 5 ¢ O S & 0P S PO PO S SV OSSO OSSO PO e’ SP O T G e G S e OO P e e e e GO
NN NAMAIUMMDMMMM NN MMM I TSI T I T T TITITSTITT
AU OV O IO N U O O O N U VS N VOV A N N OO N U N U VN U U U U N U G O U U U U U O

O2 on-+



0 o~

[+ 418}

xo
W~

QL o~

[s 4]
[+ 4~ 4
E(

CEV
LB/MIN

TINME
MINUJES

N0 T SO 1 €3O O G P 12 OV CD SV 0NV QO NV OVIVI W0 OV OUA YOI GO v oT ™ GO V)0 VDU 00 v
® 6 6 0600 6000006000006 8000060306 0006060000000006000s0
DO OO NN MIT INUNVO QNN OO0 VO DO i w NN NN S

O NN I NVO O OO D OMNNISAMNN OO OO NV O OO vy ivd vHONNNN
[AVINRIAT AN INFIANT AV TANTOVIAVIANTAVIQVIGVIAVIAVIAN ISV AN ARIAVIAVINVENNIAVEAVIQWINVINNINNT (o To s ToP T or Dapd Bl lod Lor Ioad bl 0
OO TROOOEEOOOOOOOOIOOOOMOCOOOOOOOOOR
®@ 8 8 00 0 6000 S QCONEGPOE G000 ECECEO PSS GLIOEBSOIEONEOESOSIEOETRES

MM O T OUN NI OMN T NGO O MM (U v w10 O €3 GO0 G0 0 O™ I ' I DD WY
WU T MMM NONN e OO0 O0O0WO 0000 0Q OOV VIOV O OO O 0OV O
® ® O 9 00 80 OO OO O 08 S0P S S OSSO OO SO0 6O PG S0 B o

ML O T O NO UM N e (NMIT DWW OYOINMIUINW QO LT WS OV ONT NV O
® 0 8 ¢ 0 0080000600000 SO0 SSOEESSEsEB e Nee S se
MNO S 3 FMMNMMQMNIMN MINMIDNNIN T I T3 TS5 O DN WO OO OWON

O UM 1O NI O N2 QO WD VAT M NI S OV A0 P WD NIV €G3 OVEO N W LDV T 1Y) vt
© 9 0 00 P 000 0O VOO 0N PG GO0 OL O OONESSIOISEREOEEETSOETISES
INW OO OO v NMMIMTINON O ROV QN M JF U O OOV ONMNM T I INWN O0VO
FT I T T UDDN VUL LD DU NENO WD DO QOO OO PN N N A P NN AN 0

UMM O NG ON MO TS NN TN T OW OO MINWINT T NOWN-WIT NOWM
© 6 0 060 0600000600000 09 000 0SS SEEE O PE NSO ESN S
O TN T VDV F QLN OV VNN WD OO v 0T WO 0 0VO v v M J IO M
W0 QM BNWOI QOO v M MM T I T INUN NVOW OO W W NNAOWN A A P P A D
NN MOMM MMM IT I I IITITITIEIIITITIITII IS IIIIT TSI

CONMUNMONTOOOTMN UOWON FNTHON IO I TWOOHOOMOWN M I NN

® 0 & O 0 6 O P O E SO BB G PO S e OO0 SO O SO O OO NS S e 0.

TN DUINDOO OO O DDA v TN O M N TNNMNDOOIOWMMNO O OV
1111222334#55677689099210011231
Lol akalalat ol B0 L o

WD T MO O NN OO M3 O OO OO OOV OO OOV VOV OYO O OVOYOY VOV OO
© 0 0 0 066 0 0 0 00000 T COPCOONG PSSO 0GOS S OSSOSO TSIPETSTOBIOGES

AL VDN T LN N O OO DO WD OO DO WD O OO VDD OO OWOWO WO OO OO
AT T I T T T e et e T T e T e e T T e T T T e e e e v e e e

OCOWHNMNNMNIAMOAESMASTNOI S OMMOMMUN N G OIS INOINININMMOT
O OMN ONTMHONOIFNNOONMNOON-TTMMI NN it iyt vt v edrd vl
MO OOV O IO OV v g vl 94

MOMOTOIONOCOICHNOAUINNOMOT T ONON IO IO NMNNOMOMO OV T
Gt g T O VD) TN LY ) A N P Q0 O UV e tad 98 AN CNIVD N T LV VN0 AW P P Q0 G0 QN0 S SO v TICNY
5 © 0 0000900000000 00000060000000e0000cesesGELLTS
OO DD LO LD DD O LO D ULLO LN O AD WOW D O WO OO OO OO WO OADD WO N DN N
OO O OO O OO OO O U OU O S O VOO O OU O OO O U U U N N N O N S D GOV

02 of f-»

74



	Structure Bookmarks



