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ABSTRACT

A surface -con denser analysis coda was coupled with a

constrained function minimization code to produce an auto-

mated marine condenser design and optimization package. The

program, CGNDIP, was based on tha principles developed in

0RC0N1, a sophisticated computer coda produced by the Oak

Ridge National Laboratory. CONMIN, the optimization program,

was developed at the Ames Research Center.

CCNDIP is an extremely versatile design tool, incorpo-

rating a detailed analysis of the complex steam-side thermo-

dynamic processes occurring at each row in the condenser.

The additional capability of tube enhancement is also

included. However, in coupling CONDI? with CONfllN numerous

problems had to be overcome in order to make CONDIP capable

of completing an analysis even when thermodynamic conditions

in the condenser became in feasible. This had to be accom-

plished while ensuring continuity in all constraint and

objective function evaluations. A series of test casss were

conducted to evaluate and compare the importance of various

objective functions and design criteria.
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I- INTRODUCTION

A. BACKHOUND

For many years the steam plant was unchallenged in its

role as the primary type of marine propulsion systems. But

recently gas turbines have become a desirable alternative

despite the fact that they a:a lass efficient than compa-

rable steam plants. The primary advantage of gas turbines

is their light weight and compact size. Thus, in crder for

the marine steam plant to survive, it is imperative that

lighter, more compact and efficient steam plants be

developed.

While there are numerous advanced concepts in all areas

of steam propulsion which can be explored, one simple way to

streamline the steam plant is the elimination of overdesign.

Most overdesign is due to unnecessary safety factors used to

offset lack of detailed knowledge about the thermal

processes in the plant. Identification of the minimum safe

design could significantly reduce unnecessary overdesign and

result in the development of a smaller, more compact power

plant.

B. HETHCDOLOGY

In the United States the most prevalent criterion for

the design and specification of surface condensers is based

on the "square-root of V" relationship, as developed by the

Heat Exhange Institute (HEI) [Ref, 1]. The HEI method was

adopted by the Department of the Navy Bureau of Ships (now

Naval Sea System Command) for specification of U.S. Naval

condensers.

10





The HEI method is very simple in its approach, calcu-

lating the overall heat transfer coefficient as a function

of cooling water velocity through the tubes, inlet coolant

temprature, tube wall thickness ani material, and fouling.

The limitations of this method are apparent. Designs based

on HEI are insensitive to shell-side conditions. Saturation

steam pressure, temperature and enthalpy are assumed to be

constant as steam passes through the bundle, whereas in

reality there is a continual pressure drop as steam flow

passes over the rows of tubes, with a corresponding decrease

in saturation temperature. There is also no prevision for

any effects of condensate film, external tube enhancement,

etc. on the shell-side of the bundle. In addition, the HEI

method does not account for the presence and effect of non-

ccndensible gases that inevitably contaminate a condenser.

With the capabilities of high speed computers now avail-

able, more comprehensive methods have been developed to

account for the deficiencies of the HEI method. In partic-

ular, a radial flow computer code was developed to calculate

the local heat transfer and thermodynamic properties on a

row by row basis. Known as ORCON1, this code was developed

by Oak Ridge National Laboratory (DRNL) under contract to

the Office of Saline Water during the period from 1968-1970

[Ref. 2]. The program was based , in part, on the work

performed by Eissenberg (Ref. 3]. Eissenberg's experimental

results led to correction factors on the basic Nusselt equa-

tion to account for condensate inundation effects on tubes

within a condenser bundle. Basically, ORCON1 divides the

condenser into sectors and performs a row by row analysis

within each sector, determing local heat transfer coeffi-

cients, heat flux, steam characteristics, the effect of

condensate inundation and numerous other parameters at each

row. ORCON1 is also capable of incorporating the effects of

both tube-side and steam-side enhancement factors. Since

11





0RC0N1 represented a much mors comprehensive and detailed

analysis of the condenser then ths less exact HEI method,

its results could be expected to be more precise.

Some work has been done at the Naval Postgraduate School

to improve the capabilities of ORC3N1. In his development

of OPCODE2, Johnson [Ref. 5] added subroutines to OPCON1

which calculated tube-side pressure drops, corresponding

pumping power and condenser volume. Nunn and Marto [Ref. 14]

have incorporated the effects of vapor shear in ar. amended

version of 0R~0N1 called MORCON. MORCON includes the corre-

lations developed by Fujii [Ref. 4] to determine the effect

of vapor velocity on the thermal resistance of the conden-

sate film on the condenser tubes. In general, vapor shear

effects tend to enhance the condenser, heat transfer on the

steam-side of the tube while condensate inundation tends to

inhibit it.

The ability to represent numerically the actual thermo-

dynamic processes occurring within the condenser has

improved dramatically. However, the capability to couple

these increasingly comprehensive and complex condenser

design programs with an optimizing procedure has not made

comparable progress. Optimization is a powerful tool which

can help in reducing overdesign and achieving the goal of a

safe compact condenser design.

There are currently numerous computer optimization

programs available which can be coupled with general design

programs of all types to numerically improve and ultimately

determine the best design. The key is to properly write the

design program so that it is compatible with the optimizer.

Johnson [Ref. 5] developed a computer program called

OPCODE1, based on the HEI method of condenser design, and

was able to couple it with one such numerical optimizer. The

results of OPCODE1 demonstrated how condenser designs can

indeed be safely improved upon. It also revealed the

12





versatility of condenser design optimization as a powerful

design tool. However, Johnson was unsuccessful in coupling

0PC0DE2 (his derivative of 0RC0N1) with an optimizer. This

failure does not alter the fact that that in order to fully

appreciate more sophisticated condenser design analyses,

such as that used in ORCON1 , it is imperative that computer

programs be developed which will bs compatible with current

numerical optimizers.

C. OBJECTIVE

There were two primary objectives of this thesis. The

first objective was to develop a computer code which incor-

porates the basic condenser analysis of 0RC0N1 and the

subseguent improvements made in MDRCON and 0PC0DE2, but

which will be capable of being coupled with a numerical

optimizer to yield a complete, detailed design package.

This design package can then be used as a tool in obtaining

a much more reasonable conceptual design and for use in

comparison studies. It would provide the naval architect

the ability to optimize weight, volume, cost or any other

potential design objective of the marine plant.

The second objective was to make this design package

capable of determining the single best design rather than

simply an improvement over the initial design. The key was

to construct the program in such a way so the optimizer does

not stop at some relative optimum, but continues the anal-

ysis urtil no further improvement oan be realized. It is

most desirable to be able to reach this single true optimium

design regardless of initial design variable values.

13





II. NUMERICAL OPTIMIZATION

A. BACKGROUND

Nearly all design problems require either the minimiza-

tion or maximization of a parameter. This parameter will be

called the problem's objective function or design objective

[Ref. 6]. For a given design to ba feasible or acceptable,

it must satisfy a set of design constraints which are either

maximum or minimum limiting values for a pre-datermined set

of parameters or functions of parameters. For example, in

any condenser design the outer diaieter of a condenser tube

can never be less than zero and there is normally some prac-

tical upper limit which also cannot be exceeded. These

limits are design constraints on tha tube ou-er diameter. In

the design problem there is also a sat of design variables

which are parameters whose values can be changed within

specified limits in order to minimize or maximize the design

objective. For example, in minimizing the condenser volume

an engineer may want to vary tube inner diametar, tube wall

thickness and tube length. These three paramaters would thus

be examples of typical design variables.

For such complex design problems as the treatment of the

condenser design in CRC0N1 , it is necessary to choose an

optimization scheme which can handle the problem and provide

a rational, rapid approach to design automation and opti-

mization. An optimization program based on direct methods

for solution of constrained problems [ Ref . 11] was chosen

for this research work.
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B. CONSTRAINED FUNCTION MINIMIZATION (CONMIN)

Vand€rplaats [Ref- 7] developed an optimization program,

CONMIN, capable of optimizing a vary wide class of engi-

neering problems. CONMIN is a fortran program, in subprogram

form, that optimizes a multi-variable function subject to a

set of inequality constraints.

It is practical at this point to introduce three basic

definitions and their respective conditions [Ref. 8].

°2SIGN VARIABLES; Those parameters which the optimzation
program" is" permitted to change in order to improve the
design. Design variables appear only on the right side of
an equation, are continuous, and have continuous first
derivatives.

DESIGN CONSTRAINTS: Any parameter which must not exceed
specIfie'a~5oun3s fcr the design to be acceptable. Design
constraints may be linear or nonlinear, implicit or
explicit, but they must be functions of the design vari-
ables. Design constraints appear only on the left side of
equations.

OBJECTIVE FU NCT ION: The parameter which is going to be
minimized 5*r maximized during the optimization process.
The objective function may also be either linear or
nonlinear, implicit or explicit. and must be a function
of the design variables. The objective function usually
appears on the left side of an equation. The only excep-
tion is if the objective function is also a design vari-
able.

Assuming that the optimization process requires the

minimization of a particular objective function the general

optimzation problem can be stated as:

Find the vector of design variables, X,
To minimize the objective function, FfX)

,

Subject to the constraints:

G.(X) < 0.0 j = 1,NCON (eqn 2.1)

VLBi < X < VOBi i = 1,NDV (eqn 2.2)

In the general problem, G-(X) are the constraint

functions; there are NCON constraints and NDV design

15





variables; VLB^ and VOB^ra the lower bounds and upper bounds

of the i-th design variable. If the equality condition is

met, (Gj(X)=0.), the constraint is active. If the inequality

is met, (G-(X)<0.), the constraint is inactive. Finally, if

the inequality of equation 2.1 is violated, (G-(X)>0.), that

constraint is said to be violated. Because of numerical

inaccuracies representing exact zero on the computer, the

equality condition is represented by a band around the value

G.: (X) «(0.±CT) where CT is the constraint thickness.

Any design which satisfies the inequalities of equations

2.1 and 2.2, thus having no violated constraints, is said to

te feasible. If the design violates any of these constraints

it is said to be an infeasible design. The design which best

mimimizes the objective function while still remaining

feasible is said to be optimal.

, CONMIN requires an initial set of values for the design

variables X to obtain an initial design which is either

feasible or infeasible. If the initial design is feasible,

C0N3IN moves in a direction which will minimize the objec-

tive function. If the initial design is infeasible, CONHIN

moves toward a feasible solution with minimal increase in

the object function.

The optimization process proceeds in an iterative

fashion. Johnson [ Ref . 5] presents in greater detail the

procedures utilized in CONMIN to search for the minimum

objective value. In general, the msthods used by CONMIN to

determine search direction include the method of steepest

descent, the method of conjugate direction, and the method

of feasible directions. For further background concerning

CONMIN and the numerical techniques utilized in optimiza-

tion, consult Vanderplaats [Ref. 7], Fletcher and Reeves

[Ref. 9], Zoutendijk [Ref. 10], and Vanderplaats and Moses

[Ref. 12]. However, it is necessary to stress a few

pertinent points which will aid in understanding how the

program was developed in this thesis.

16





The optimization process begins by calculating the

gradient of the objective function using a finite difference

technique. k perturbation is applied to each of the design

variables in a single forward step and the gradient vector

is determined.

£F (X)

HP

HP
The search direction is then calculated and is a function of

this gradient and any active or violated constraints

resulting from the applied perturbation. Subsequent search

directions are a function of previous search directions, as

well as current gradient information and any appropriate

constraint factors. Obviously, the size of the perturbation

and the size of the bandwidth about an active constraint

will have a great deal of effect on the search direction and

ultimate optimization process. This detail will be recalled

later-on during the cede development.

There are some limitations to CONMIN. The number of

design variables (NDV) directly affects the computational

time required to reach an optimum. Since the calculation of

the gradient information required for each design variable

at the beginning of each design iteration is found by using

a single forward finite difference step, requiring a

complete pass through the analysis portion of the program,

there is an increase in CPU time as NDV inceases. Also, as

NDV increases, there is the corresponding rise in machine

related numerical innacuracy. Vanderplaats [Ref. 6] recom-

mends no more than twenty as a practical limit for the

number of design variables.

It is quite possible that while design improvement may

be obtained, the single best design optimum or true optimum

17





may not he reached. This is not an uncommon occurrence and

there are several possible explanations. For example, the

design problem may net be formulated properly or the anal-

ysis may be extremely complex and non-linear. However, a

more common reason is that there are "relative optimums"

between the initial design and the single true optimum. This

concept of relative vs true optimum design can be better

explained through an analogy. The search for the bast

optimum design can be likened to a blind man climbing to the

top of a mountain. The blind man knows he is proceeding up

the mountain by sensing the direction of ascent. However,

the paths he takes may be limited by barriers or fences

which will restrict the directions he can go. These fences

represent constraints in the optimization problem. During

the journey he may also encounter small crests and valleys.

If the available paths lead the blind man up to one of these

crests prior to reaching the mountain top, he will be

confronted with a situation where he will sense no further

rate of ascent and he will stop his journey. So although he

has made progress from his initial starting point, the man

did not achieve his ultimate goal of climbing the mountain.

During optimization, the search for a true optimum may

proceed along a path en which the objective function assumes

such relative optimum values. If the optimizer can not be

made to "look beyond" these relative peaks, then the opti-

mization will cease - at a design which may be an improve-

ment over the initial one but short of the true optimum.

This problem may be overcome by starting the design with

several different initial design vectors, X, until the same

optimal design is repeated. Another alternative may be to

increase the size of the finite difference so that the opti-

mizer uses larger perturbations of X thus looking beyond any

small increases in the objective function which could stand

in the way of further design progress. This second

18





alternative will be specifically addressed during the

discussion of the code development.

C. CONTROL PROGRAM FOR ENGINEERING SYNTHESIS (COPES)

The optimizer, CCNMIN, was written in subroutine form.

Vanderplaats [Bef. 13] has developed a main program to

simplify the use of CONMIN and aid in the design optimiza-

tion process.

The user must supply an analysis subroutine called

ANALIZ, which consists of thrse segments: input, analysis

and output. COPES acts as an interface between ANALIZ and

the optimizer CONMIN. Based on a flag from COPES

(ICALC=1 ,2, 3) ANALIZ performs the proper function. Figure

2.1 offers a simplified illustration of the interrelation-

ship between COPES, ANALIZ and CONMIN.

COPES

ANALIZ

CONMIN

./

Figure 2.1 Flow Diagram For ANALIZ and COPES/CONMIN.

COPES currently provides four specific capabilities, two

of which will be applied in this work:

19





1. Single analysis - just as if COPES/CONHIN war* not

used.

2. Optimization - minimization or maximization of a multi-

variable function with corresponding constraints.

COPES requires certain initial data from the user in order

to coordinate the optimization process. Initial values for

the design variables as well optimizer con-rol parameters

are utilized by CONMIN to conduct its numerical analysis.

There are a faw optimizer parameters which are particularly

important to the treatment of condenser designs. One is the

finite difference step used in gradient calculations.

Another is the normalization factor used in COPES evaluation

of a constraint function. COPES utilizes the following

expressions in determining constraint function violations:

BU CFV
SCTIT < 0.

CFV - BL
"scrrz^ < o.

where SCAL1 and SCAL2 are the normalization factors, 3D and

BL are the upper and lower limits of the constraint, and CFV

is the constraint function value. It is intuitive that the

normalization factor can play an important role in deter-

mining the size of the active region about a given design

constraint. Both finite difference and constraint normali-

zation will be recalled later during the code development.

The power of COPES is that it has simplified the proce-

dures involved in using a sophisticated program such as

CONMIN. The user is therefore fresd from the unwanted role

of systems analyst and can concentrate on the design

analysis.

20





III. CONDENSER DESIGN IMPROVEMENT PROGRAM (CONDIP)

A. BACKGROUND

In the late 1960*s, engineers at the Oak Ridge National

Laboratory developed a sophisticated computer code under

contract to the Office of Saline Water. This code, called

ORCON1, [ Ref. 2] was generated to aid in the analysis and

parametric study of large, generally circular condensers.

Much of ORCON1 was dependent on Eissenberg's research work.

[Ref. 3] on the effects of condensate rain on the shell-side

convective heat transfer coefficient. Johnson [Ref. 5] took

0RC0N1 and made a few minor modifications to determine rube

side pressure losses and volumetrio calculations. Nunn and

Marto [Ref. 14] further incorporated the correlations

proposed by Fujii [Ref. 4] to determine the effects of

shearing forces exerted by high vapor velocities on the

condensate film and resulting shell-side heat transfer

coefficient.

It was at this point that the development of CONDI? was

begun. CONDIP was dependent primarily on the principles

detailed in 0RC0N1 but also incorporated subsequent develop-

ments to the basic program. CONDIP was written , however, in

such a way as to be compatible with the optimizer, CONMIN.

CONDIP analyzes a single or double pass, circular or

semicircular condenser, with steam flowing radially inward

on the 3hell~side of the tubes and variable salinity water

flowing on the tube-side. An optional, rectangular air

cooler bundle is provided-for as well as shell-side baffles.

The circular bundle is normally divided into 30-degree

sectors with symmetry about the central axis to reduce

computational effort. Unless otherwise specified, tubes are

21





placed on a 60-degree equilateral, triangular pattern of

concentric rows with the rows addei from an inner void out

to the outermost row. The void serves as a collection header

for ncn-ccndensible gases prior to passage through an air

cooler, if specified. As in 0RC0N1, CONDIP proceeds sector

by sector, row by row through tha condenser utilizing an

average tube to represent the row segment, and calculates

the following quantities in each sector:

Steam pressure lcsses at the entrance of a sector.

Total pressure of the steam/non-condensible gas mixture

entering a row segment.

Saturation pressure of steam entering a row segment.

Saturation temperature of the steam entering a row seg-

ment.

Steam flow entering the row segment.

Velocity of the steam/non-condensible gas mixture at

the minimum cross-section in the row segment.

The fraction of non-condensible gas in the mixture by

weight

.

Tha overall heat transfer coefficient for the average

tube in the row segment.

The steai-side condensing coefficient.

The tube-side heat transfer coefficient.

The shell-side film heat transfer coefficient composed

of the non-condenible gas film and the condensate film.

The shell-side friction factor.

The shell ^side pressure loss as steam passes over the

row segment.

The shell-side Reynolds number based en the mass flow

at the minimum cross-sectional area in the row segment.

The heat transfer rate per square foot of condenser

tube.

The mass flow rate of steam/non-condensable gas mixture

at the minmum cross-section in the row segment.
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q) The mass flow of condensate produced as steam passes

ever the row segment.

r) The cooling water temperature at the outlet end of the

condenser.

s) The coolant pressure loss on the tube-side.

t) The average Reynolds number of the coolant through the

tube.

u) The heat transfer coefficient for the non-condensible

gas film.

v) The internal heat film heat transfer coefficient.

w) The number of tubes per row segment.

x) The cross-secticn area available for steam flow per row

segment.

y) The cumulative shell-side pressure drop.

z) The LMTD based en inlet and outlet coolant temperatures

and saturation temperature at sach row segment.

In addition to the above paramsters, the area-weighted

overall heat transfer coefficients for the condenser, cooler

and combined condenser are used to calculate the "back

calculated" log mean temperature difference (LMTD). Steam

exit-fraction, condenser volume, coolant pumping power and

numerous other factors are calculated from the cumulative

rasults of the row and sector analysis.

There are two significant contributions to the external

film heat transfer coefficient which have a profound impact

on the overall analysis. As mentioned earlier, Eissenberg

[Ref. 3] corracted for condensate inundation effects on the

external heat transfer coefficient with a series of emper-

ical relations. He created a flooding factor F using the

following relation:

F » . 6F, (1 - .5647 F,)p.s (eqn 3.1)
n a d
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where F ^ is a constant indicating the effect of tube spacing

and orientation on condensate side drainage. With cicsely

packed tubes, significant side drainage can occur in low

velocity steal flow. Condensate generated on tubes above

may, due to surface tension effects, proceed Laterally to

adjacent, tubes rather than down. Thus Fj tends to approach

1.0 for closely packed, staggered tube bundles and zero for

disperse bundle layouts. S is a constant ranging in value

from

:

(.07 < S <.25)

If the condensate rain is acting under the influence of

gravity alone S approaches 0.25. But the influence of any

steam velocity present begins to alter the rate and direc-

tion of condensate flow and correspondingly decrease S. Thus

S is a function of vapor velocity and directon, as well as

bundle geometry.

The condensate film coefficient for the average tube in

the n-th vertical rcw is then calculated from the uncor-

rected heat transfer coefficient, h , as follows:

h « [nP - (n-1)F ] h (eqn 3.2)

It is obvious that the determination of a corrected heat

transfer coefficient is highly dependent on the choice of S

an F, in equation 3.1. S and F^ are extremely subjective

constants and there does not exist a current analytical

expression to determine them. let the choice of these

constants can have profound impact on the condenser design.

In CONDIP, as in 0RCCN1 [Ref. 2], the following, relatively

conservative values fcr S and F, were used:

S = 0.2

F , = 0.5
a
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An additional important contribution to the external

film coefficient is the effect of velocity shear forces or.

the condensate film. Fujii [Ref. 4] developed the following

experimental correlations to correct the Nusselt number for

the effect of velocity shear:

[Nu /Nu ] = c Nu*-
43 " 1

^ Re (-5-2a) (eqn 3 . 3)mo i o L

where Nu m is the mean Nusselt number. Re. is the two-phase

Reynolds number (based on vapor velocity, tube outside dram-

eter and kinematic viscosity of the condensate) and Nu is1 o

the standard Nusselt number for the zero shear case. The

empirical constants c and a lie within the following ranges:

1. 13 < c < 1.24

0. 196 < a < 0.

2

depending on how tube thermal conditions are described. In

CONDIP the values for c,and a were:

C,* 1.24

a = 0.2

It should be noted that equation 3.3 is only valid in the

range:

3.3 < (Re /Nu ) < .28.
L o

For smaller values of this parameter Fujii recommends the

use of a slightly reduced value of the standard Nusselt

number:

Nu = 0-96 Nu (eqn 3.4)
m o

It is apparent that the vapor velocities commonly

encountered in naval condensers can have an impac- on the

heat transfer coeffcient.
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E. CODE DEVELOPMENT

Johnson [Ref. 5] attempted to couple 0PCODE2 (his

version of ORCON1) with the optimizer CONMIN, bur with

little success. There were several reasons for this.

ORCON1 uses iterative techniques to solve for such quan-

tities as condensate rate, steam lass flow rate and steam

pressure through the sector. If unrealistic values are

encountered, such as negative pressures or steam flow, cr if

the final steam exit-fraction exceads a predeterlined value,

0RC0N1 stops the analysis, returns to the beginning of the

program and changes certain initial input parameters. The

analysis begins again and the process is repeated until a

satisfactory design is achieved. Thus ORCON 1 has a limited

capability to make design decisions to obtain a feasible

design.

CONMIN, as do most optimizers, requires complete control

in determining all iterative design variable values. As

explained earlier, it uses perturbation techniques to calcu-

late gradient information for each design variable and

active design constraint, which it then uses to determine

search directions. A perturbation of the design variable by

CONMIN requires a complete, once-through analysis. If ORCON1

is coupled with CONMIN then any adjustment by 0RC0N1 will

yield false gradient information to the optimizer and

hinder, if not completely prevent, CONMIN from arriving at

the optimum design. During program development it became

apparent that the two programs were working independently

against each other and that in its present state 0RC0N1 was

incompatible with CONMIN.

In the formulation of CONDIP, it was necessary to locate

and neutralize all the places where such design decisions

are made. By removing the ability for CONDIP to make any

design decisions it became totally passive and dependent on

CONMIN for design variable changes.
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However, once this was accomplished, another problem

area was discovered. In the ORCON1 code and subsequently in

CONDIP there are numerous thermal process and properties

calculations that use logarithmic functions and other mathe-

matical relationships which could produce singularities if

the variables in the arguments approach zero or are

negative. For example, saturation steam temperature is

calculated from steam prassure using a logarithmic relation-

ship. If, during a design analysis, saturation pressure

approaches a negative value, this rsprasents a clear viola-

tion of physical realities and of the limits of that prop-

erty. Yet a computer cannot make that distinction so it

tries to calculate the corresponding saturation temperature

which, because of the logarithmic relationship, would be

undefined. As just explained, 0RC0N1 with its built-in deci-

sion capability simply starts over when this situation is

encountered. But CCNDIP, being completely dependent on

CONMIN for design decisions, does not have that capability.

Remembering that CONMIN requires a complete once-through

analysis in order to collect enough information to make a

design decision, it was necessary to somehow bypass such

mathematical instabilities in ordar to keep the program

operating. Yet the analysis still had to yield reasonable

results from the given design in order to obtain meaningful

gradients. This prompted the formulation of mathematical

relationships to create "penalty" constraints which, if

properly written, would indicate to the optimizer that a

function or thermal property has violated its physical

limits. However, not only would penalty constraints have to

te defined, but a "fix up" or "correction" of the violated

property or variable would be required in order to allow the

analysis to continue. A good physical understanding of the

inter-relationship between condenser parameters and the

thermal processes resulting from the condenser design is
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necessary so that the "fix up" of the violated property

would still yield fairly accurate condenser information or.

which CONMIN could base its search for the optimized design.

For example, a condenser is usually designed around a

given steam load. If the condenser has too many tubes, is

too long, or coolant flow is too great, then the condenser

will be overdesigned. There will be dry tubes within the

condenser as all the steam is condensed before steam flow

reaches the inner void. In CONDIP this means that zero or

negative steam flow will be encountered in the analysis.

If, on the other hand, tube surface area is too small,

coolant flew is inadeguate or the condenser tube spacing is

too tight and is choking the steaa flow, then one of two

things will happen. Either a guantity of uncondensed steam

will make it completely through the condenser, or steam

pressure loss in the condenser will cause steam pressure to

drop below zero. In addition, there are two reasons why all

the steam might not condense. It could be simply due to

insufficient heat transfer surface area or it could be

because the saturation temperature Df the steam has dropped

below the coolant inlet temperature. If the latter situation

occurs, then there is no driving force for heat to transfer

from the steam to the coolant. Thire is only one way that

this situation can occur: if steam saturation pressure drops

telow some value indirectly determined by the coolant inlet

temperature. In any event this condenser is certainly

under designed and net capable of supporting the required

steam load.

As stated earlier, the purpose of optimization is to

obtain the best, feasible design. Thus, an understanding of

the relationship between the physical characteristics of a

given design and the subseguent thermal performances will

certainly help in defining the appropriate penalty

constraints and their corresponding limits- It will also
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aid in the determination of appropriate "corrections" when

those limits are violated. It is important to note that with

the introduction of these penalty constraints, the defini-

tion of a feasible design is revised. A feasible design is

now defined as one in which thermal properties and functions

are not allowed to violate their physical limits, as well as

other design constraints, anywhere in the condenser.

In CONDIP there are three basic thermal properties which

could create the above mentioned problems if they fall below

a certain value. They are steam saturation pressure, steam

flow and steam temperature. Because of the direct relation-

ship between steam saturation pressure and temperature, it

was possible to deal with them simultaneously. The solu-

tions that were developed to overcome the effects of these

thermal violations determined the extent which CONDIP would

optimize.

1 . St earn Flow Effects

One source of mathematical instabilities within the

program is if steam flow over the tubes falls to zero or

below. It is intuitively obvious that steam flow can not

physically fall below zero and that in order to keep the

program running the steam flow rate must be kept greater

than zero. However, correcting for this alone would

certainly alter the results of that particular condenser

design, perhaps even imply a feasible design.

To indicate to the optimizer an infeasible design

was actually encountered - one in which steam flow had

dropped below zero - the penalty function WTST was created.

Since the condenser analysis is performed sector by sector

and assuming there are J sectors in the condenser, then

there had to be arrangements for J penalty constraints. This

prompted the creation of the array, WTST (J), representing

constraint penalty functions for eaoh sector. The absolute
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magnitude of these functions were directly related to both

the severity Df the steam flow violation and the number of

dry tubes remaining in the sector. WTST (J) ranged in value

from negative infinity to zero, where a value of zero repre-

sented a condenser design in which no flow violations

occurred. Thus, WTST (J) were cons-rained functions whose

lower limit was zero. For example, during an analysis, if

steam flow was determined to fall below zero, then WTST for

that sector would be given some negative value. In subse-

guent designs, as the number of dry tubes approached zero

and better designs were obtained, then the magnitude of the

penalty function approached zero indicating no constraint

violation.

Since penalty constraints are entirely contrived

relationships with no real physical basis, it is desirable

to minimize their number to avoid the possibility of sending

innacurate signals to the optimizer.

To eliminate the need to use the WTST penalty func-

tions as constraints, the values Df WTST (J) were consoli-

dated at the end of the sector analysis into the condenser

steam exit-fraction constraint. Normally, steam exit-

fraction ranges from zero to one and is simply equal to:

st earn leaving th e_co n den s er_
sTeam enter ing~£h~e DoncTenser

By incorporating the WTST violations into steam exit-

fraction, the exit- fraction was made a continuous function

ranging in value from negative infinity to one. The

negative steam exit-fracticn represented a partially dry

condenser and its magnitude was in direct proportion to the

number of dry tubes. Thus instead Df having to evaluate and

calculate gradients for J number of WTST (J) contraints, the

optimizer simply had to evaluate a previously defined and

now expanded exit-fraction constraint.
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It should be stressed that making steam exit-

fraction continuous through zero was equally as important as

eliminating the need for additional constraints. it can be

reasonably assumed that for all practical condenser applica-

tions, exit steam fraction will always be limited to some

positive number near zero. Here is where one applies the

physical knowledge of the condenser and its relation to the

thermal property of steam flow. 4s explained earlier, dry

tubes represent an over-designed condenser. Thus the natural

tendency is for the optimizer to alter those design vari-

ables so as to create a more compact condenser- As this

occurs, steam exit-fraction will naturally increase. The

upper active limit of that constraint will determine the

optimum feasible design. While it is not necessary to have a

lower limit for steam exit-fraction, it is very important

for it to be a continuous smooth function especially in the

region near the upper limit. It is therefore critical to

properly define the penalty functions WTST (J) in a way so as

to provide a smooth transition from the negative, artificial

values of negative steam exit-fraction to the real, positive

values.

Since the steam flow penalty functions will not be

used as constraints, the analytical results will provide

gradient information to the optimizer. However, once steam

flow has been determined to fall below zero, steam flow for

that first dry row of tubes and all subsequent rows must be

fixed up with dummy values to allow the program analysis to

continue. How that "fix-up" is accomplished will ultimately

determine the search direction for the optimizer.

Physically, once steam flow has gone to zero, there

should be no further latent heat transfer, no subseguent

condensate production, and further pressure losses should be

only due to the flow cf non-condensible gases. It is neces-

sary to make the computer generated analysis reflect as

31





closely as possible these physical realities. Sir.ce the

optimizer no longer has the penalty functions to use in

calculating a search direction, other constraint values

obtained from the analysis will dictate the next search

direction. Gradients will also be calculated using these

results and the determination of the next search direction

will incorporate these gradients as well. In the case of

negative steam flow, steam flow and condensate production

over dry rows were given nominal values which were as small

as the computer analysis would tolerate. These extremely

small values closely approximate zero steam flew and

generate results which resemble physical reality as closely

as possible.

The following example is provided to better illus-

trate the logic used in CONDIP to handle negative steam

flow. CONDIP determines flow rate through each row in each

sector. During a sector analysis, CONDIP calculates the

condensate generated at a given row and subtracts that value

from the steam flow entering that row to calculate the steam

leaving. The exiting steam flow rate is then checked to

determine whether steam flow has gone to zero. If it has

not, then the analysis continues. If it has, then the

following two events occur.

The penalty function, WTST (J) , is calculated for

that sector and dummy values are inserted for steam flow and

condensate rate at the row where the violation occurred.

For the remainder of the analysis condensate generation and

subseguent steam flow calculations are bypassed and the

remaining rows in the sector are fixed up with dummy values

for steam flow and condensate. The analysis continues

utilizing these dummy values in all appropriate heat

transfer and pressure calculations. At the conclusion of

the sector analysis, the values of the penalty functions,

WTST (J) , of each sector are incorporated into the steam

exit-fraction.
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If the analysis revealed zero dry tubes then WTST (J)

for all sectors would be zero and the steam exit-fraction

would simply be calculated as:

st ea a leav i ng
n
th e_c o n de n se r

sTeam enter ing TTn"e"~c: ondenser

If, however, dry tubes were encountered in the condenser

analysis then WTST (J) of some or all the sectors would be

negative and dependent in magnitude on the number of dry

tubes in each of the J sectors, as well as the severity of

the steam flow violation. Steam flow leaving any sector

which has gone dry would be zero and steam ex it- fraction

would be evaluated as:

stea m leaving any wet sectors
sT ea i entering the'cona'enser

-

plus a weighted value of all the WTST (J) penalty function

values. Using the relationships just described, it is

apparent that steam exit-fraction: is negative if condenser

tubes are dry; approaches zero as the design becomes

feasible; and is greater than zero if there is steam leaving

the condenser.

2- Steam Pressure and Temperature Effects

The other possible source of mathematical insta-

bility occurs when steam pressure falls below some preset

limit. If pressure falls to zero, numerous aathematical

singularities will be generated. Yet, before this situation

can occur steam temperature will have already fallen below

inlet coolant temperature causing singularities in the log

mean temperature difference (LMTD) heat transfer calcula-

tion. Thus, the lower pressure limit which cannot be physi-

cally exceeded is not zero but the minimum saturation

pressure established by the inlet coolant temperature. In

CONDIP, this lower limit is given the variable name, PTLIM.
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As steam flows through the condenser, pressur?

continually decreases due to friction losses and therefore,

it is evaluated at each row in each sector. When the steam

saturation pressure drops below PTLIM, indicating a physical

violation of realistic limits, then the creation of a

penalty function and a corresponding "fix up" of saturation

pressure is required to allow the program to continue. The

treatment cf the problem was therefore analogous to the

previous situation dealing with negative steam flew.

?TST(J) was the penalty function devised to indicate

to the optimizer that the pressure limit, PTLIM, was

violated in any of the J sectors. Values of these

constraints ranged from negative infinity to zero, depending

on the degree and location in the condenser of the viola-

tion. Since pressure is calculated on a row by row basis in

each sector, the magnitudes of the pressure penalty func-

tions were directly dependent not only on how much the

calculated pressure dropped below PTLIM, but also on the

number cf rews remaining in the sector. Thus, as the

condenser approached a feasible design the PTST(J) consraint

values approached zero, indicating lessening violation of

the minimum pressure.

As emphasized earlier, it is important to minimize

the number of constraints, not only to avoid the possibility

of sending confusing signals to the optimizer but also to

reduce cost and improve program efficiency. This was accom-

plished here by inserting dummy values not only into the

violated pressure variables but also associated thermal

properties such as condensate generation, heat transfer

coefficients and heat transfer rates for the row where the

violation occurred and all subsequent rows in the sector.

The dummy values were chosen such that realistic gradient

information would be sent to the optimizer. The proper

choice of "fix-up" values for thess varaiables resulted in
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the elimination of penalty functions as design constraints,

and provided sufficient information to determine subsequent

search directions.

It is necessary to understand the influence that

steam pressure and temperature exert on the overall

condenser analysis. With this knowledge it will be easier to

predict the physical designs which could cause violations of

the pressure limit. PTLIM is violated due to excessive steam

flow pressure losses. As explainsd earlier, these large

pressure losses would result from large steam velocities

thar are found in condensers which are too rightly designed.

Thus, the particular condenser design is incapable of

handling the required steam load, implying an infeasible

design. Understanding this relationship will aid in

choosing the appropriate "fix-up" values which will indicate

to the optimizer that when the pressure limit is violated an

infeasitle condenser has been designed.

Physically, When steam temperature falls below

coolant inlet temperature (PTLIM is violated) there is no

heat transfer from the steam to the coolant and no addi-

tional steam is condensed. These physical realities must be

reflected in the condenser analysis. Therefore, in subse-

quent rows, condensation and hear transfer rates were set

equal to zero. Since there is no further condensation, the

steam exit-fraction is equal to the steam flow at the point

of violation divided by the total flow into the condenser.

Thus PTLIM indirectly determines the exit steam fraction of

the infeasible design. This relationship between exit-

fraction and the PTLIM violation is what makes the penalty

constraints obsolete. If PTLIM is violated early in the

stean^s passage through the condenser, steam exit-fractions

will be large, violating its upper oonstraint limit and thus

reflecting an under designed condenser. As the condenser

design improves, then exit-fractions will decrease.
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Physically, this can cnly be accomplished if the condenser

design "opens ap", reducing pressure losses in the

condenser. Consequently, as condenser designs become

larger, steam exit-fractions decrease and the condenser is

driven towards a feasible design.

The following example illustrates the logic employed

by CONDIP to handle steam pressurs and temperature viola-

tions within the analysis. Condenser inlet flow is divided

by the number of sectcrs in the condenser. Condenser inlet

saturation pressure is determined oy the steam inlet temper-

ature. Entrance pressure losses are calculated and

subtracted from the inlet pressure. The resulting pressure

is checked against PTLIM and a violation at this point indi-

cates a totally infeasible condenser in which no steam is

condensed. Steam exit-fraction will thus be equal to one- If

the saturation pressure is greater than PTLIM the analysis

continues row by row through the sector. Pressure losses

over each row are calculated and subtracted from the row

inlet pressure to determine pressure into the next row of

tubes. If this next-row steam pressure is determined to fall

below PTLIM, then a thermal violation has occurred requiring

"fix up". Subsequent rows are made to indicate zero conden-

sate generation and zero heat transfer. Steam flow over the

remaining rows is maintained at a constant value, which will

subsequently be used to determine steam exit-fraction.

Pressure variables over the remaining rows are given small

positive values just large enough to allow the analysis to

continue. Although all heat transfer and condensate calcula-

tions will be bypassed, the analysis must be allowed to

continue so that pressure losses will continue to be calcu-

lated based on the steam flow at the point of violation.

This is important since steam flow adjustments to the

sectors are based on certain pressure comparisons between

the sectors. The cumulative sum of all row pressure losses
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in sach of the sectors must be equal to within some toler-

ance. If they are not then steam flow into sach of the

sectors is altered so that the exit pressures from each

sect cr converge to seme common value. Thus, an accurate

reflection of true pressure losses is important to this

calculation.

The value of the steam exit-fraction is again deter-

mined to be the single constraint necessary to drive subse-

quent condenser designs to a feasible optimum configuration.

The pressure penalty constraints proved to be superflous

information, but the corresponding variable "fix-up" was

critical in the determination of search direction.

C. IIBITATIOHS

During the development of CONDIP, it became apparent

that steam exit-fraction would become the key constraint

during optimization of any objective function. A feasible

design implies that steam exit-fraction is a small positive

number perhaps somewhere between zero and 0. 1 percent. As

explained earlier, violations of either steam flow or pres-

sure physical limits resulted in penalty functions and vari-

able "fix-up" which were later directly or indirectly

incorporated in the calculation of steam exit fraction. Thus

any feasible design, let alone the optimum one, centers on

the limits placed upon this design constraint. Any number of

design variable combinations will yield a feasible design,

and each design variable affects steam exit-fraction differ-

ently. The intertwined, complex calculations used to ulti-

mately determining exit- fraction are done by sector and row

with each design variable repeatedly playing a factor. For

example, the profound effect of both vapor shear and

condensate inundation on the shell-side heat transfer

coefficient and consequently steam exit-fraction, is
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indirectly determined by numerous design variables. However,

their effects are impossible to predict. The cascading

effect of the thousands of calculations performed during the

course of a design analysis is to ultimately create a

single, highly non-linear variable in the form of the steam

exit-fraction, upon which design derisions will be made.

As more design variables were involved in the analysis,

the optimizer had difficulty determining their often

conflicting effects en both the objective function and the

steam exit-fraction. A small perturbation of each of the

design variables independently would yield gradients indi-

cating design improvement. But when these gradients were

evaluated simultaneously to actually determine the direction

of the subsequent design, their combined effect would actu-

ally indicate either no improvement of the objective func-

tion or a violation of the steam exit fraction design

constraint. The end result would be that the optimization

process would stall as no feasible search direction could be

obtained. Larger perturbations to the design variables were

required to properly evaluate their relative effects on the

objective function and any active or violated constraints.

This would enable the optimizer to overcome either small

inconsistencies or discontinuities in the objective function

and the constraint functions which would otherwise prevent

the optimizer from reaching the optimum design. This was

accomplished during data input by changing the normalized

finite difference step from 0.01 to about 0.1. Increasing

the finite difference is not without its drawbacks. As the

optimum objective value is approached, the optimizer over-

looks the subtle effects of small changes in the design

variables because of the relatively large perturbations.

Thus, depending on the initial design variables, the

optimizer will improve the design to some point near, but

necessarily at, the optimum.
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When a design becomes feasible, steam exit-fraction will

always become an active constraint. But the stated goal is

not in achieving a feasible design bur in driving the design

to a feasible optimum. However, this iterative process ear-

not be accomplished at the expense of violating a constraint

and it was here that further complication was introduced.

The initial impetus in any optimization process is to first

obtain a feasible design. However, once the very small steam

exit-fractions are obtained that are necessary for a

feasible design, the exit- fraction becomes extremely sensi-

tive to any further design variable changes. Thus any effort

to further improve the current design could easily cause

exit fraction to increase. Evan slight increases would be

perceived as violations of the coastraint limit and thus

prevent further optimization from the first feasible design.

There are two possible solutions to this problem. Either

increase the upper limit on the exit-fraction constraint or

redefine the constraint. COPES formulates the general

constraint function in such a way as to allow the user to

increase the active region about the constraint limit. This

is accomplished here by increasing the normalization factor

in the following expression for the exit-fraction constraint

function:

BU EXITFR
"scirr < o.

where BU is the upper constraint bound, EXITFR is the exit-

fraction constraint value and SCAL1 is the normalization

factor for this constraint. Increasing the normalization

factor reduces the optimizers ssnsitivity to constraint

violations by enlarging the range of constraint values in

which the constraint is active. This enlarges the region of

feasibility and allows the optimizer more flexibilty in

altering design variables by reducing the risk of violating
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the constraint. The overall effect is that the design opti-

mization can continue bat at the expense of accurate

constraint limits. The normalization factor used effectively

for the exit-fraction in CONDIP analysis was approximately

0. 1.

One of the stated objectives was to create a robust

program which would consistently yield the single best

optimum design independent of the initial design and not get

hung up on a relative optimum. As it was explained earlier,

although relative optimums represented design improvement,

they also indicated the inability of the optimizer to locate

the single best or true optimum design. However, the objec-

tive was achieved for only three design variables. When more

than three design variables were used, the optimum designs

became loosely dependent on the initial input, although not

in any predictable way. This is not to say that the

condenser design did not optimize. By incorporating the

finite difference and scaling normalization on exit-fraction

as described above, final designs did yield objective func-

tion values which were continually within about ten percent

of the true optimum regardless of the initial design.

However, there was just no guarantee that the single, best

optimum design could be consistently obtained. In summary,

the reasons why CONDIP did not consistently optimize to the

single, true optimum were: the extreme non-linearity of the

steam exit-fraction, the need for a large finite difference

gradient, and the need for a normalization factor for the

exit-fraction upper limit constraint.

While the optimum design solutions obtained from CONDIP

may be sufficient, there are several ways to improve the

results and increase the chances of obtaining the best

possible design. The easiest way is to try several initial

input values until the user is satisfied that the best solu-

tion has been obtained. The problem with this approach is
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that it is both costly and time consuming. A second recom-

mendation is to couple an extremely simplified version of

the condenser analysis with the optimizer to obtain a

educated guess as to what the optimum design should be. The

results of this analysis could than be used as input for

CONDIP. 0PC0DE1, which utilizes the HEI methods in its anal-

ysis, is a likely candidate. The advantage of this approach

is that a quicker, cheaper analysis can be used to obtain a

rough idea of the anticipated optimum design. CONDIP can

then use these design results to obtain even better and mora

accurate solutions, faster. Thsrs is still no guarantee,

however, that the true optimum will be solved. Perhaps with

the developmant of more robust and versatile optimizers,

ones which uses numerical techniques and methods that are

better suited to this type of problem than C3NMIN, more

precise solutions can be obtained. However, there is little

more that can be done to simplify the analysis of the steam

exit-fraction and subsequently linearize the problem.
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17, DESCRIPTION OF THE MAIN AND SUPPORTING SUBROUTINES

A. HAJOB SUBROUTINES

The following section contains a brief description of

the major subroutines in CONDIP. The appropriate flow

diagrams are also provided to better illustrate and comple-

ment the explanations. For further information concerning

the various subroutines and functions see the CONDIP listing

in Appendix C and ORCON1 [Ref. 2].

1 . ANALIZ

This subroutine basically arranges CONDIP in a stan-

dardized form which is compatible with COPES/CONMIN. COPES

uses a variable flag, ICALC, to coordinate, the optimization

process with ANALIZ. Utilizing this flag ANALIZ then calls

the input, analysis and output portions of CONDIP as

required. When COPES sets ICALC equal to one ANALIZ reads

in all initial input. This is the only time any input can be

entered. When ICALC equals two, COPES works with CONMIN to

optimize the design. ANALIZ makes available the analysis

portion of the program to be used repeatedly by CONMIN.

When COPES sets ICALC equal to three, the optimization is

complete and ANALIZ calls all applicable output subroutines.

Figure 4.1 illustrates the flow process for ANALIZ,.

2. INPUT

This subroutine enters all initial input of data by

which the initial design is determined. The resultant

design may be either feasible or infeasible, subject to the

limitations previously discussed, so it is not critical what

values are initially assigned to the design variables.
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However, the initial input is screened to prevent the intro-

duction of totally unrealistic values of variables into the

program. For example, initial tube thickness, tube inner

diameter, tube number and tube length are all checked to

ensure that their values are greater than zero. If any of

the screened initial inputs do not satisfy the minimum

reguirements, then the program exits prior to entry into the

optimizer. The limits of the design variales and constraints

will prevent similar situations from occurring during the

analysis. Figure 4.2 presents the flow diagram far the INPUT

subroutine.

3. 00 T

3

This subroutine simply prints all the initial values

entered in the INPUT subroutine.

4. OPCON

This subroutine calculates the bundla geometry,

flooding factors and such coolant flow parameters as pres-

sure loss, flow rate, and pumping power. There are two

options available to determine bundle geometry, each with

certain advantages and disadvantages.

Opt ion l ; The number of rows is entered as a constant and

the tube number is determined based on pitch, tube outer

diameter, and row spacing. The advantage of this method to

determine bundle geometry is that it allows the user to

linearly vary pitch and/or tube inner diameter by row. The

disadvantage is that tube number is a dependent variable.

The optimzer is therefore limited in determining the

optimum design by the specified number of rows.

0ption2: The number of tubes oan be used as a design

variable while the number of rows is determined by tube

number, row spacing, pitch and tube outer diameter. There
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is more flexibility in this method of condenser design but

it is not possible to linearly vary tube pitch and inner

diameter. The condenser bundle is generated from a speci-

fied inner void out, and all the appropriate condenser

geometry is determined for one of the identical 30 degree

sectors. Overall bundle volume is then calculated as is

the ratio of tube hole area to tube sheet area.

Once the basic condenser geometry has been deter-

mined, the code then proceeds through an algorithm to calcu-

late baffle location based on an input value specifying the

number of baffles desired in the oondenser bundle. After

this has been completed, flooding factors are determined.

That is, the number of tubes in a vertical row above the

central tube in each row is calculated. This is done for

each of the six sectors on one side of a circular bundle.

Symmetry is assumed for the other side. These flooding

factors are later used in calculations to determine the

effect of condensate inundation on shell-side heat transfer

coefficients.

Finally, ORCCN calculates coolant mass flow, coolant

velocity, header pressure difference and pumping power based

on the type of coolant flow input received. The flow chart

in Figure 4.3 is a simple illustration of the logic used in

OHCON. From ORCON, the subroutine SSCALC is called.

5. SECALC

This subroutine determines all the parameters of

each of the sectors in the condenser by row. The first

calculation made in SECALC is the determination of the

cooler geometry, if there is one. Entrance pressure losses

into the condenser bundle are calculated for each sector and

saturation pressure is checked to ensure that it is greater

that PTLIM. From this point, much of the remaining
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subroutine is comprised of two do-loops with one nested

inside the other. The outer loop cycles through however many

sectors are in the condenser model. The inner loop cycles

through the rows in the sectors. Pressure, temperature,

mixture velocity, steam flow and condensate flew are calcu-

lated at each sector row. The subroutine HETTRN is called

repeatedly to provide the necessary heat transfer informa-

tion. Pressure and steam flow is checked continually at each

row to ensure that neither falls below its predetermined

lower limits. In the event that either situation occurs, the

appropriate penalty function and fix-up procedure is imple-

mented to enable the analysis to continue. As previously

discussed, these values are chosen to reflect as accurately

as possible real conditions which would occur when steam

flow cr pressure violate their physical limits.

Once all the sectors have been analyzed the cumula-

tive steam-side pressure losses from each sector are

compared. Steam pressure at the inner void must be uniform,

therefore the sector pressure losses are required tc be

equal within some allowable tolerance. If they are not, then

the distribution of inlet steam flow into each sector is

altered to force the pressure losses to converge to a single

value. Once steam flow to the sectors has been adjusted,

the sector and row analysis in SECALC is repeated until the

pressure losses within each sector approach a common value.

After the pressure comparison has been satisfied, certain

overall condenser parameters are calculated such as steam

exit-fraction, bundle heat load, and steam-side pressure

drops.

Finally, if a cooler is required, the subroutine

COOLEX is called. Otherwise the condenser analysis is

complete. The flow diagram for SECALC is presented in Figure

U.4.
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6. HETTRN

This subroutine is called repeatedly in SECALC to

solve for all shell and tube-side hear transfer properties

for each row in each sector of the condenser. In particular,

values for the overall heat transfer coefficient and log

mean temperature difference are utilized by SECALC in

computing condensate production and heat transfer rate at

each row of tubes.

On entering this subroutine, a series of estimates

for certain row variables are calulated. Based on an assumed

initial value for the overall heat transfer coefficient, the

exit coolant temperature and corresponding film temperature

are calculated. Utilizing these temperatures, the LMTD,

thermal resistances, individual heat transfer coefficients

and numerous other heat transfer parameters are then calcu-

lated. Finally, another value for the overall heat transfer

coefficient is determined based on the above-mentioned anal-

ysis, and this final value . is subsequently compared to the

initial value. If they are not in agreement, within a speci-

fied degree of tolerance, then the initial value for the

overall heat transfer coefficient is updated and the entire

process is repeated until the initial and final values

converge. This iterative process is necessary as tempera-

ture dependent heat transfer coefficients, film temperature

drops, and exit coolant temperatures are all being calcu-

lated simultaneously.

Note that it is in HETTRN that the concepts of vapor

shear and condensate inundation are incorporated. Heat

transfer coefficients are corrected for both effects based

on the calculations presented earlier. Also note that since

steam temperature is never allowed to drop below inlet

coolant temperature in the calling subroutine SECALC,

resultant LMTD calculations in HETTRN will not yield

singularities.
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Once all the heat transfsr variables have been

determined, control is returned to SECALC where the appro-

priate results are utilized and stored. The appropriate

flow diagram for HETTEN presented in Figure 4.5.

7. COO LEX

This subroutine solves for all tha necessary parame-

ters required in the cooler analysis. The cooler is assumed

to be of rectangular cross-secton with the height of the

cooler not to exceed the difference between the condenser

inner and outer radii. The values used for tube pitch and

tube diameters in the cooler are the same as the innermost,

row of the condenser bundle.

Steam exits the condenser bundle, collects in the

inner void and enters the bottom row of the cooler. The

steam then proceeds vertically up through the cooler. The

physical location of the cooler is not a prerequisite to the

subsequent design, although it is expected that the ccoler

will be placed within the condenser bundle, thus the limit

on cooler height.

The first calculation in COOLEX determines the steam

velocity at minimum cross-secton in the first row of tubes,

VLCMAX. VLCMAX is directly proportional to the amount of

steam and non-condensible gas entering the cooler as well as

the ccoler geometry. Therefore the constrained limits for

VLCMAX will play a major factor in the overall condenser

design.

Subsequent row analysis is treated identically as in

SECALC. However, all pertinent heat transfer data are calcu-

lated directly within COOLEX, making it independent of

HETTRN. Steam pressure and steam flow are checked at each

row to ensure that the appropriate limits are not violated

and all thermodynamic parameters are calculated. At the

conclusion of COOLEX, cooler performance variables such as
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heat load, exit-fraction steam, steam pressure losses and

overall heat transfer coefficients are calculated and

control is returned to SECALC. The flow diagram for the

COOLEX subroutine is illustrated in Figure 4.6.

8. OUT

2

This subroutine prints the overall condenser bundle

results including heat load, steaa exit-fraction, overall

heat transfer coefficient, overall condenser LMTD and bundle

volume. Normally, OUT2 is called once after the initial

design is analyzed and again after the optimum design has

teen determined. Final design variable values such as tube

number, coolant flow, tube pitch, tube wall thickness and

tube inner diameter are also prints!.

9. 0DT2C

This subroutine prints the cooler results as well as

the combined cooler/condenser results. This subroutine is

called from the subroutine OUT2 and is called only if a

cooler is required and subsequently designed. Therefore,

these results will always be printed in conjunction with

00T2 output.

10. OUT

3

This subroutine prints a very detailed output of the

condenser and cooler results by row and sector. Nearly all

the thermodyna lie and heat transfer propsrties are

presented, thus providing a rather complete picture of

conditions everywhere in the condenser. This is extremely

helpful in determining, for exampla, where additional heat

transfer enhancement would be most beneficial, or where

baffles should be best located to reduce the effects of

condensate inundation.
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B. SUPPORTING SUBROUTINES

The following is a brief description of supporting functions

and subroutines called frequently by the main subroutines.

1. DFSVT Y: This subroutine returns the value of the mutual

diffusivity of the steam and non-condensible gas present.

2. XTR: This funcion subroutine transforms the calculated

data, received in the argument list, to the log values and

performs a linear regression on two or more points using

the model.

3. AflUFN: This function subroutine calculates the viscosi-

ty of the non-condensible gas in Ibm/ (f t-sec) .

4. B3UFN; This function subroutine calculates the viscosi-

ty of a saline solution in ths range of 0-24 percent

concentration and temperatures of 40-210 °F in

lbm/(hr-ft).

5« CPAFN: This function subroutine returns a value for the

heat capacity of the inert, non-condensible gas mixed in

with the steam in units of Btu/ (lbm-mol-OF)

.

6. CPFN: This function subroutina calculates the specific

heat of a saline solution units of Btu/(lbm-°F) .

7. CPSFN: This function subroutine calculates the heat ca-

pacity of steam in Btu/(lbm-mol-°F) .

8. HFGFN : This function subroutine returns a value for the

latent heat of vaporization of water in Btu/lbm.

9. PRSDR P: This subroutine returns the shell-side pressure

drop across a row of tubes in psia.

10. PSATFN: This function subroutine calculates saturation
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pressure of steam as function of temperature. Pressure is

returned in units of psia.

11. ROEFN; This function subroutine calculates the density

of a saline solution ofconcentration range 0-24 percent and

temperature range of 40-300 °F. Density is returned in

units of lbm/ (cu.f t.) .

12. SK3FN: This function subroutina calculates the thermal

conductivity of a salins solution of concentration range

0-24 percent and a temperature range of 40-300 °F. Thermal

conductivity is in (Btu) /(hr-f-°F) .

13. TSATFN: This function suroutine returns the value for

steam temperature in °R given a prassure in psia.

14. VGFN: This function subroutine calculates the specific

volume of steam as a function of temperature and pressure.

It has units of (cu.ft.) /lbm.

15. SWITCH : This function subroutine reverses the order of

a stored array.
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CALL
INPOT

CALL
OQT1

e-

CALL
OOT2

BETORN

CALL
OOT3

CALL
OSCON

Figure 4.1 Plow Diagram for the ANALIZ Subroutine,

51





INPUT

iEAD INITIAL/
DESIGN

.PARAMETERS

Y

N

SUBSTITUTE DEFAULT
VALUES FOR INCORRECT

INPUT

<T

END

RETURN

Figure 4.2 Plow Diagram for the INPUT Subroutine,
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OBCON

INITIALIZE

CALCULATE BUNDLE
GEOMETRY BASED
ON ROB NUMBER

CALCULATE BUNDLE
GEOMETRY BASED
ON TUBE NUMBER

<r

LOCATE BAFFLES

CALCUL ATS
FLOODING FACTORS

CAL" UL A''*'
5'

PUMPING POHER,
HEAD LOSS AND
COOLANT FLOH

Figure 4.3 Flow Diagram for the ORCOH Subroutine,
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SECALC

INITIALIZE

N

He

CALCULATE
RECTANGULAR CODLEE

GEOMETRY

®
DO LOOP

FOB SECTORS
JH

INITIALIZE
FOR SECTORS

CALCULATE ENTRANCE
PRESSURE LOSSES
INTO EACH SECTOR

CALCULATE PT3T;
SUBSTITUTE PSAT
HITH POSITIVE

VALUES

<-

Figure 4.4 Flow Diagran for the SECALC Subroutine,
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DO LOOP
FOR BOMS

INITIALIZE
FOR ROWS

N

(2

INSERT DOMHY VALUES
INTO THE HEAT TRANSFER
PARAMETERS TO INDICATE
ZERO HEAT TRANSFER AND
CONDENSATE GENERATED IN

THE ROB

CALCULATE
CONDENSATE FROH

THE ROW

<T

CALL
PRSDRP

SECALC Flow Diagram (continued)
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N

CALCULATE STEAM
PLOW INTO
NEXT ROW

<r

CALCULATE WT3 T AND
SUBSTITUTE DUM3Y VALUES

FOR STEAM FLOW AND
CONDENSATE GENERATION

INTO REMAINING ROWS

CALCULATE NEXT
ROW PRESSURE

CALCULATE PTST;
SUBSTITUTE DUMMY
VALUE FOR NEXT

ROW PSAT

INSERT NEXT ROW
PSAT WITH POSITIVE

VALUE

SEC&LC Flow Diagram (continued)
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CORRECT FOR
SENSIBLE HEAT

CHANGES

<"

CALCULATE
CDMOLATIVE

THERMAL
PARAMETERS AND
PRESSURE DROP

END DO- LOOP
FOR ROWS P

END DO- LOOP
FOR SECTORS

(T

CALCULATE AVERAGE
PRESSURE DROP

ACROSS SECTORS

SECALC Flow Diagram (continued)
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ADJUST STEAM PLOW
TO SECTOBS TO

BALANCE PRESSORS
DROPS

CALCULATE
EXIT-FRACTION FOR
CONDENSER BUNDLE ®

CALC0LAT2 OVERALL
EXIT-FRACTION:

POSPING POWER AND
CONDENSER VOLUHE

RETURN

SECALC Flow Diagram (continued)
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c 0UT2

CALCULATE
CONDENSER BUNDLE

PERFORMANCE
PARAMETERS

WRITE
CONDENSER
BUNDLE

PERFORMANCE
PARAMETERS,

N
RETURN

Flow Diagram for the OUT 2 Subroutine
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HETTRN

INITIALIZE AND
CALCULATE NEEDED

FACTORS

CALL
DESVTY

CALCULATE
SCHMIDT NUMBER
AND J PACTOR

->

ESTIMATE
COOLANT SIIT
TEMPERATURE

CALCULATE
FILM COEFFICIENTS

CORRECT FILM
COEFFICIENT FOR

VAPOR SHEAR

CORRECT FILM
COEFFICIENT FOR
CONDENSATE
INUNDATION

CALCULATE OVERALL
HEAT TRANSFER
COEFFICIENT

Figure 4.5 Plow Diagram for the HETTHH Subroutine.
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CALCULAIE VLCHAX;
ENTRANCE PRESSURE

LOSSES

INSERT DUMMY VALUES FOR
HEAT TRANSFER PARAMETERS
TO INDICATE ZERO HEAT
TRANSFER AND CONDENSATE

GENERATED

RETURN

CALCULATE WTST FOR THE
COOLER; SUBSTITUTE DUMMY
VALUE FOR INLET STEAH

IROHC = 3

<e

DO LOOP
FOR ROMS

CALCULATE HEAT
TRANSFER PARAMETERS

AS IN HETTRN

Figure 4.6 Flow Diagram for the COOLEX Subroutine.
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CALCULATE
CONDENSATE FROM

THE ROH

CALL
PRSDRP

CALCULATE STEAH
FLOH INTO
NEXT ROW

CALCULATE HTSTC
FOR THE COOLER

<r

SUBSTITUTE DJHHT
VALUES FOR STEAH FLOH,
CONDENSATE AND HEAT
TRANSFER PARAHETERS

FOR THAT ROW

<r

CALCULATE NEXT
ROW PRESSURE

COOLEX Flow Diagram (continued)
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INSERT DUMMY VALUES
FOR HEAT TRANSFER

PARAMETERS OF
REMAINING BOWS TO

INDICATE ZERO HEAT
TRANSFER AND
CONDENSATE

GENERATION. CALCULATE
CUMULATIVE COOLER

THERMAL PERFORMANCE

CALCULATE COOLER
EXIT-FRACTION

RETURN

CALCULATE
CUMULATIVE

COOLER THERMAL
PERFORMANCE

END DO-LOOP
FOR ROWS

J3J

CALCULATE COOLER
EXIT-FRACTION

RETURN

COOLEX Flow Diagram (continued)
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V. RESULTS

A. CONDIP VERIFICATION

It was desirable to verify the single pass capability of

CONDIP (i.e. without optimization) as a predictor of

condenser performance by comparison with actual experimental

data. However, complete and accurate data on condenser

design and corresponding performance is not always readily

available. Lynch (Ref. 18] encountsred this same problem in

attempting to verify 0RC0N1. However, he did manage to

locate seme actual experimental condenser data, obtained

during a test conducted to determine the general performance

of the DDG-37 class propulsion machinery [Ref, 16]. The

test took place at the Naval Boiler and Turbine Laboratory

and was conducted primarily to determine the performance of

the turbine and reduction gears. Some limited condenser data

was taken as a by-product. The various measurements were

obtained as described below:

1. Steam flow measurements were made by weighing the

condensate.

2. Cooling water inlet and outlet temperatures were meas-

ured by thermometers installed in the inlet and discharge

lines.

3. The heat load is calculated based on total steam flow

into the condenser multiplied by the difference between

inlet steam and condensate enthalpiss.

4. Circulating water flow was determined from a heat

balance arcund the condenser. The total heat load was

divided by the circulating water heat capacity and

temperature rise to obtain flow rata.
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5. Condenser inlet pressure was determined by pressure

instruments located above the condenser inlet flanges.

6. Non-condensible gas flow was measured by a flowrator.

7. Pressure at the air ejector was measured directly. This

pressure and the inlet pressure detarmined the pressure drop

across the condenser.

It should be pointed out that this data were not recorded

with the care that normally accompanies scientific data

collection. Neither the instruments nor the techniques

employed were particularly accurate. The possibility that

this observed data are in error casts a cloud over the cred-

ibility of the corresponding condenser performance, which

was calculated based on those values. However, for a lack of

better alternatives, this data and the resulting condenser

analysis will be used to determine the reliability of

CONDIP.

The DDG-37 condenser geometric design variables obtained

from the technical manual [Ref. 15] and input parameters

corresponding to a full speed run are presented in Table I.

An attempt was made to repeat the design using CONDIP. The

results cf CONDIP 1 s proposed design as well as the experi-

mental performance are presented for comparison in Table II.

Percentages were calculated to quantify the differences

between the actual and hypothetical performance.

Before elaborating en the results of this verification,

some notable differences between the two designs must be

clarified. First, a specific fouling factor was not deter-

mined at the time of the experiment and was therefore not

provided. A somewhat realistic claanliness factor of 87.5

percent (fouling factor of .0002) was utilized.

Second, in the DDG-37 condenser the rectangular cooler

appears to te inserted directly into the condenser bundle.
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However, in order to accomodate the cooler, the bundle must

expand or distort. In addition, a void of some dimensions

musx be provided-for in the center of the bundle tc collect

any uncondensed steam and ncn-condensible gases. Diagrams in

[Ref. 15] indicate that the DDG-37 condenser is indeed

nearly elliptical in shape with bundle axes of 5.67 and 7.17

feet. Although it is apparent that a void does exist, exact

dimensions can not be readily determined from the available

information.

CONDIP approximates this design by creating separately a

circular condenser bundle and a rectangular cooler, the

height of which cannot exceed the difference between the

outer and inner bundle radii. A circular void of pre-

determined size is provided-fcr when determining the

condenser bundle geometry. Subsequent volume calculations

are performed on the condenser bundle and cooler separately

and the overall condenser volume is computed as simply their

sum.

Although CONDIP dees not exactly duplicate the geometric

configuration of the DDG-37 condenser, it was possible to

manipulate certain initial design variables in order to

cause CONDIP to develop an approximately equivalent configu-

ration. These variables were chosen because, for small

changes in their values, there is a rather significant

change in the bundle geometry with relatively saall effects

on the overall condenser performance. Since there are no

specific dimensions provided for the inner void in the

DDG-37 technical manual, it was picked to be one of the

design variables to be adjusted. Row spacing was also

adjusted because it satisfied the conditions described

above. Through trial and error a combination of row spacing

and inner void radius were determined, from which CONDIP

yielded a geometric design similar to the DDG-3 7 condenser

and that satisfied condenser requirements specified in
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[Ref. 17]. In this particular case, the void diameter and

row spacing ware determined to be 1.1 feet and 1.35 inches

respectively. This arrangement enabled the condenser model

to closely approximate the tube sheet area ratio of the

actual DDG-37 condenser. This manipulation, however, must

be interpreted as another source of error and innacuracy

when comparing CONDIP^ condenser performance with the

experimental results.

Lastly, condenser designs in [Ref. 15] reveal that three

different tube patterns were employed in the DDG-37

condenser. In addition, two different values for tube pitch

were used - a pitch of 1. 4 in the condenser bundle and a

pitch of 1.3 in the cooler. This situation cannot be dupli-

cated in CONDIP. Therefore a constant pitch of 1.40 and a

uniform tube pattern were utilized throughout the condenser.

The design approximations utilized in CONDIP to try to

geometrically simulate the actual DDG-37 condenser introduce

significant uncertainty into subsequent design comparisons.

This, coupled with the fact that the data collected is also

suspect, would imply that it is rather difficult to verify

CONDIP's analysis with the information available. It should

also be noted that CONDIP is sensitive to even small vari-

ance in either the data collected (i.e. steam inlet tempera-

ture) or the approximated design variables. However,

despite the above-mentioned problems associated with

equating CONDIP* s condenser to the DDG-37 condenser, the

experimental data obtained from the DDG-37 condenser still

provide the best available base upon which to make a reason-

able determination of CONDIP*s capabilities and limitations.

In comparing the results in Table II, it is immediately

clear that there is significant difference between certain

condenser performance parameters predicted by CONDIP and the

corresponding experimentally derived condenser performance.

Already, much has been said about the numerous geometric
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approximations used to model the DDG-37 condenser. But

questionable data and geometric manipulations may not

completely explain the 13 percent exit-fraction and general

poor performance generated in CONDIP *s analysis. Its values

for the average overall heat transfer coefficient and heat.

rejected were significantly lower than the experimental

results. One source of the problem lies in the actual heat

transfer analysis performed in the code. Lynch [Ref. 18]

graphically illustrated how sensitive this analysis is to

the effects of condensate inundation. In particular, by

making small changes - within the allowable ranges - in the

constants used in Eissenberg's correlations for condensate

rain, significant improvement could be realized in the

overall heat transfer characteristics of the condenser.

CONDIP* s results, when compared to the experimental data

support the argument that the values currently used in the

inundation correlations are rather conservative in nature,

and cause the overall analysis to yield a poor preformance

for the given steam load and condenser design.

Therefore, in order to present CONDIP with a fair test

to determine its credibility as a design predictor, some

additional work must be first accomplished, k condenser

geometrically identical to the general model created in

CONDIP should be constructed with complete and accurate data

acquisition systems tc establish a thorough data base from

which to compare. Also, more research should be performed on

the effects of condensate inundation and velocity shear to

obtain more precise correlations in determining their

overall effects on the film heat transfer coefficients.

One last additional point should be mentioned. In

comparing the steam-side pressure drops through the

condenser, it was shewn that CONDIP' s pressure losses were

nearly 72 percent larger the the actual physical measure-

ments. However this radical difference is mainly due to the
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high pressure losses experienced at the entrance of the

cooler as a large volume of steam tried to force its way

through the small available area. Therefore, the signifi-

cance of this large disagreement in results is relatively

minor and can be treated simply as a consequence of the more

important heat transfer limitations in the comparison run.

Although the goal of verifying CONDI? as a design

predictor has proven elusive, it was still possible to

demonstrate its capabilities through comparison studies.

Therefore, the remaining emphasis in this thesis is to show

the ability of CONDIP (in combination with the optimizer

COPES/CONMIN) to take an initial design with a given frame-

work of constraints and design variables, and obtain better

designs based on a desired objective function.

B. EXPLANATION OF THE CASE STUDIES

The following case studies were devised to best exercise

the capabilities of CONDIP. They were made as realistic as

possible so as to simulate the problem of condenser design

and specification ccnfronting the engineer during the early

stages of power plant design. The condenser performance

returned by CONDIP during the verification run and contained

in Table II will serve as a baseline for comparing the

results cf each case study. The baseline condenser perform-

ance is based on the design parameters from the DDG-37

condenser listed in Table I. It was stated earlier that

CONDIP's optimization results are slightly sensitive to the

initial design if more than three design variables are used.

Since all the cases involve eight or more design variables

it would be best, for the purposes of comparison, to start

from the same initial design in all cases. Therefore, the

initial design variables used for the verification run and

contained in Table I will be utilized as the baseline
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dasign. Although many of these initial design variables will

be allowed to change during optimization, certain basic

condenser requirements will not. Ihey include: steam flow

into the condenser, inlet staam saturation pressure and

temperature, cooling water injection temperature, the frac-

tion of non-condensible gases in the steam, the tuba fouling

factor, and the tube material. It should be noted that

although there was an initial value for row spacing given in

Table I, row spacing was not usad as a design variabla

during any of the optimizations. Instead, the program used

the default method of row spacing calculation available in

the cede where the rows are spaced such that a 60-degree

equilateral triangle pattern of concentric rows is obtained.

Row spacing is therefore dependent on tube pitch and tube

outer diameter by the following relation:

RSPA = (SDDO * ODOII * .866 (eqn 5.1)

where HSPA is row spacing, SDDO is tube pitch, and ODOI is

tube outer diametar in inches.

There are a few key points to be kept in mind when

comparing the results of the case studies with the baseline.

First, the baseline design is an infeasible and inadequate

design. Its performance indicates that it is not capable of

supporting the required steam load by returning a steam

exit-fracticn in excess of 13 percant. So any gains in the

objective function that ware realized in the case studies is

even more remarkable sinca it is a necessary condition that

tha optimum design be a feasible design, defined as having

an exit-fraction not greater than 1 percent. Second, the

percent change referred to when analyzing the results is

calculated based on the baseline design. Thus the baseline

serves as a uniform frame of reference. Next, it should be

noted that because of the large number of design variables
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and constraints, intuition on how an optimized result will

turn out is not always applicable. Finally, it will be

easier to understand the effects of the various design

parameters by keeping in mind the following, very basic,

heat transfer correlation:

Q = * A * LMTD (eqn 5.2)

where Q is the rate of heat released as the steam condenses;

is the overall heat transfer coefficient; A is the heat

transfer surface area; and LMTD can be interpreted as the

thermal driving force between the steam and the coolant. Q

is directly dependent on steam flow and pressure into the

condenser, the percentage of that steam that is co'ndensed,

and any subcooling of the condensate. For a given steam load

and a very small exit-fraction Q is nearly constant as the

optimized results in all the case studies will indicate.

1- Con str a int Framewo rk for CON DIP

In order to simulate an actual trade-off study, the

constraints and their respective limits were kept constant

for all the case studies. The condenser was to be designed

with a maximum bundle diameter of ten feet, a maximum and

minimum tube outer diameter of 0.625 and 1.25 inches respec-

tively, a steam exit-fraction of not more than 1 percent, a

maximum cooler inlet velocity (VLCMAX) of 200 feet/second,

and a ratio of tube sheet hole area to total tube sheet area

of less than 0. 30.

The constraint on bundle diameter was chosen some-

what arbitrarily. It seems unlikely that this limit would be

realistically exceeded, although certainly space require-

ments would dictate the exact configuration. Tube cuter

diameter is dependent on the values for tube wall thickness

and tube inner diameter. Thus the limits imposed on tube
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outer diametsr represent realistic restrictions on the

possible cobinations of inner diameter and wall thickness.

These restrictions are based loosely on anticipated tube

structural and strength requiremants and correspond to

values of normally available tubes [Ref. 19]. The maximum

limit of 200 feet/second for VLCMAX was also a somewhat

arbitrary but realistic limit. It is assumed that steam

velocities cften exceed that value in the condenser bundle.

It is recalled that steam axit- fraction will play a

significant role in the determination of the final optimum

design. The baseline exit- fraction of 13 percent predicted

by CONDIP for the DDG-37 condenser is unsatisfactory.

Therefore a more reasonable upper limit of 1 percent was

placed on this constraint. Although CONDIP will return a

•much mere conservative design if 1 percent vice 13 percent

is used as the upper limit, the subsequent design will be

much more credible.

Finally, the amount of tube sheet material that can

be removed by drilling for the installation of condenser

tubes is specified at 24 percent of the total tube sheet

area in [Ref. 17]. This area ratio limit represents a

structural limit imposed to ensure that the tube sheets do

not fail due to heat and pressure stresses in the condenser.

However, CONDIP does not take into account the space between

the condenser and tube shell normally used in area ratio

calculations as blank tube sheet area. For this reason and

to allow mora flexibility in the design analysis, the

constraint limit was set at 30 percent.

In summary, the general design constraints and the

associated upper and lower bounds ware:

0.625 < tube outer diameter (inch) < 1.25

1.0 < bundle diameter (feet) < 10.0

steam exit-fraction (%) < 1.0

VLCHAX (ft/sec) < 200.0

area ratio < . 30
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These design ccnstraints and associated bounds were

used in all the case studies except where specifically

modified.

2 . Design Variable Fra mework f d r CONDIP

At least eight design variables were used in all the

case studies. They include tube inner diameter, tube wall

thickness, tube pitch, the number of tubes in the condenser,

tube length, the inner void radius, the percen- of the tubes

in the cooler, and cooling water velocity. Side constraints

were placed on all of these variables to correspond to

either realistic physical limits or available standardized

materials.

Tube wall thickness was not allowed to fall below

0.022 inches (BWG 21) or exceed .109 inches (12 BWG) , sizes

normally available commercially. Tube inner diameter was

restricted to values between .407 arid 1.206 inches so as to

yield tube outer diameters within the limits specified

earlier.

Tube pitch is defined as tha ratio of the center to

center spacing between adjacent tubes in a row to the tube

outer diameter. Tube pitch is an accurate measure of how

closely packed the tube bundle is. Generally accepted

values for pitch lie in the range of 1.3 to 1.7. However,

to provide more latitude in the design process this design

variable was allowed to vary in the range between 1.1 to

2.0.

There is no guidance available as to the allowable

range for tube length in the condenser. Since the lower

limit was not expected to be crucial, it was set randomly at

1.0 feet. The upper limit of 25.0 fset was a realistic limit

considering the size of the tube diameter being worked with.

Inner void radius and the percent of tubes in the cooler

were chosen to be design variables simply to enhance the
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flexibility of the code in designing the condenser model.

The bounds for both variables were entirely arbitrary with

only common sense as the determining factor. The upper and

lower limits on the percent of tubes in the cooler was

established as 10.0 and 2.0 percent respectively. The upper

and lower bounds on the inner void radius was set at 1.0 and

0.1 feet.

Cooling water velocity generally ranges from three

to nine feet per second in value for all common tube

materials, except titanium which has an upper limit of 15

feet per second. Exceeding these upper limits risks exces-

sive tube erosion and material damage. Finally the number of

tubes was permitted to vary between 1000 and 8000 tubes for

the purpose of improving design flexibilty. It is extremely

unlikely that, for most propulsion applications, tube number

would fall below 1000. The upper limit was simply chosen as

a realistic cutoff point in terms of complexity, cost and

maintainability.

In summary, the general design variables and the

associated side-constraints were:

0.407 < tube inner diameter (inches) < 1.206

0.022 < tube thickness (inches) < 0.109

2.0 < percent of tubes in cooler < 10.0

0.10 < inner void radius (feet) < 1.0

3.0 < coolant velocity (ft/sec) < 9.0

1.0 < tube length (feet) < 25.0

1000 < tube number < 8000

1.1 < tube pitch < 2.0

As in the case of design constraints, these design

variables and their respective limits were used consistently

in all the case studies unless otherwise specified.
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C. CASE STUDIES USING CONDIP

1 . Case One

The objective of this case was to minimize condenser

volume. The final results of the optimization along with the

initial parameters is listed in Table III.

These results show a 16 percent decrease in

condenser volume with a corresponding 24 percent increase

in pumping power. The source of the improvement can be

understood by noting the following:

1) Tube wail thickness was reduced from 0. 049 to 0.022, the

minimum side-constraint, thus allowing tube inner diameter

to increase while maintaining a minimum tube outer diameter.

2) The number of tubes shrank slightly as did tube length,

resulting in a smaller heat transfer surface area.

3) Tube pitch increased markedly, causing a reduction in

steam pressure losses which then ensured that high values

for steam saturation pressure and temperature would be main-

tained throughout the condenser. The large pitch also

reduced steam velocities, allowing the cooler inlet velocity

limit to be satisfied. Row spaoing decreased from the

initial value of 1.35 inches, thus decreasing condenser

volume.

4) Cooling water velocity increased to the maximum allo-

wable value of 9 ft/sec which correspondingly resulted in

larger head losses and coolant flow, causing overall pumping

power to increase.

As cooling water velocity increased and tube wall

thickness decreased, then their respective thermal resis-

tances were diminished. The cumulative effect was to

improve the overall heat transfer coefficient. LMTD rose

primarily as a result of the higher steam temperatures

throughout the condenser. It is apparent by looking at

eguation 5.2 that increasing the driving forces for heat
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transfer, such as the overall heat transfer coefficient and

LMTD, allows the heat transfer surface araa to decrease.

This resulted in a similar reduction in condenser volume.

The constraint limits that prevented further design

improvement were the upper bound on the cooling water

velocity, the upper limit on the tube sheet area and The

upper limit on VLCMAX.

2. Case Two

The objective of this case was to minimize the

pumping power required to overcome the tube-side head losses

and drive the cooling water through the condenser tubes. The

final results of the optimization are presented along with

the initial design in Table IV.

The results indicate a dramatic 90 percent reduction

in required pumping power with an equally large 120 percent

increase in condenser volume. The major factors involved in

the design improvement along with their relative effects are

briefly explained below:

1) Tube inner diameter increased 27 percent while tube

thickness remained relatively unchanged. Thus tube cuter

diameter was caused to increase.

2) The number of tubes in the condenser rose significantly,

along with tube length. This, coupled with the enlarged tube

outer diameter resulted in nearly doubling the heat transfer

area

.

3) Tube pitch icreased 2 9 percent, which allowed steam

saturation pressure and temperature to be maintained at

consistently large values in the condenser. This had a

benefiting effect on the associated LMTD calculation. The

large pitch also helped satisfy the steam velocity limit

into the cooler. The tube spacing decreased from the initial

value of 1.35, but by a smaller amount than the previous

case because of the large values for tube pitch and outer

diameter.

76





U) Cooling water velocity dropped to the minimum allowable

limit of 3 ft/sec. This had the effect of reducing tube-side

head losses and coolant flow through the condenser.

Consequently, pumping power was drastically reduced.

The combined effect of all these changes can again

be put in perspective by looking at equation 5.2. For the

given steam and corresponding heat load, the heat transfer

area increased drastically, allowing both LMTD and the

overall heat transfer coefficient to decrease. A smaller

overall heat transfer implies a smaller convective tube-side

contribution which in turn permits coolant velocity to

reduce to its lowest allowable valus . The LMTD decrease is

explained by the fact that cooling water was spending more

time in the tubes, thus causing the average cooling water

temperature to rise. However, the subsequent reduction in

LMTD was minimized by the fact that a high steam temperature

was maintained in the condenser.

There were no active constraints in this design

outside of cooling water velocity which prevented further

design improvement. However, the penalty paid in terms of a

huge condenser volume, appears prohibitive.

3 » Case Three

The objective of this case was to minimize pumping

power while holding condenser volume constant at the initial

value of 432 cubic feet. This was a particularly interesting

test case as the results in Table V bear out. The required

pumping power was reduced by nearly 38 percent with no

change in volume.
,

The effects of the design changes which

resulted in the design improvement are presented below:

1) Tube inner diameter increased noticeably. However, the

effects of this increase on tube outer diameter was mini-

mized by a large drop in tube wall thickness. Thus, tube

outer diameter remained relatively unchanged.
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2) The number of tubes experienced a minor reduction, while

tube length increased. The overall effect was to increase

heat transfer surface area.

3) Tube pitch again rose by nearly 25 percent, causing

steam saturation temperature and pressure to maintain a

nearly constant value throughout tha condenser. This had a

beneficial effect on the LMTD between the steam and the

cooling water. The larger pitch also had the additional

effect of reducing steam velocity thus allowing the subse-

quent design to satisfy the upper limit on staara velocity

into the cooler (VLCMAX) . The combination of tube pitch and

tube cuter diameter resulted in a reduction in row spacing

from the initial value of 1.35

4) Cooling water velocity decreasad by about 21 percent.

This effect was manifested in subsequent pressure head,

coolant flow and pumping power calculations.

Looking at equation 5.2 we see the same general

pattern emerging as in Case 3, but with more subtlety in the

changes. Heat transfer increased, but not at the expense of

volume. CoDling water velocity was allowed to decrease

while the overall heat transfer coafficient actually rose.

One explanation is that as the tube wall got thinner its

thermal resistance got smaller which more than offset the

less of convective heat transfer contribution from the

coolant. The LMTD dropped slightly due to the higher average

coolant temperature of the coolant in the tubes.

The constraints which became active and prevented

further improvement in the design include tube sheet area

ratio as well as tube wall thickness. However, tube wall

thickness was particular crucial because of its related

effect on heat transfer.
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4 . Case Four

The objective of this case was to minimize condenser

volume while holding pumping power constant at the initial

value of 55.7 horsepower. The results of this case can be

found in Table VI. Chosen to contrast the results in Case 4,

the relative improvement in this design objective was not

nearly so impressive. Condenser volume shrank by only 12

percent. An explanation of the causes and effects is

provided below:

1) Tube inner diameter increased, with a CDrresponding

decrease in tube wall thickness to yield the minimum allo-

wable tube outer diameter.

2) The number of tubes decreased noticeably, tending mini-

mize bundle volume. Note, there was only slight increase in

tube length. The overall effect was to similarly reduce heat

transfer surface area as condenser volume decreased.

3) Tube pitch again increased significantly, having the

same effects on steam pressure, temperature and steam

velocity into the cooler as discussed earlier. & large tube

pitch benefits the LMTD between the steam and the cooling

water. Row spacing was again a factor in reducing condenser

volume as before.

4) Cooling velocity decreased slightly as did head loss.

But overall coolant flow increased due to an increase in

tube inner diameter. The net effect was to maintain pumping

power.

Again, referring to equation 5. 2 , it is clear that

the slight decrease in heat transfer area was offset by the

slight rise in LMTD resulting froi higher condenser steam

temperatures. The significant improvement in overall heat

transfer coefficient, therefore, is what makes the heat

balance work. The large decrease in tube wall thickness and

corresponding reduction in thermal resistance contributed

heavily to this improvement.
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There were several contraint limits whish prevented

any additional objective optimization. They include the

minimum tube wall thickness, tube sheet area ratio and steam

velocity entering the cooler.

5. Case Five

The objective of this case was to minimize condenser

volume while exercising CONDIP's capabilities to linearly

vary tube pitch and tube inner diamatar by row. Thirty-five

rows were used, which was the identical number as the

initial design. Tube pitch and tube inner diameter of both

the outermost and innermost rows sarved as design variables

in this case. However - because tuba number is now a depen-

dent variable based on the number of rows, tube pitch, and

tube diameter - it cculd not be usad as a design variable.

The optimized results of this analysis along with the

initial design ara presented in Table VII.

The results of this test case indicate a condenser

volume which is 20 percent smaller than the initial design

as compared to a 16 percent decrease in Case 1. The basic

reasons and explanations as to why volume was able to be

reduced remain fundamentally the same as in Case 1.

Attention will therefore be focussed on the effects of

linearly varying pitch and tube diameter. Final tube pitch

ranged in value from 1.75 in the inner row to 1.44 in the

outer row. Similarly, tube inner diameter ranged from .729

in the inner row to .583 in the outar row.

It is believed that smaller pitch and inner diameter

were used in the outer row because of the higher available

steam saturation pressure and temperature. The resulting

higher steam velocities enhanced the beneficial effects of

vapor shear on the external heat transfer coefficient

thereby improving heat transfer on the outer rows. As steam

pressure decreased, then tube pitch and tube inner diameter
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increased to compensate and extract all the available h€at

from the steam. Consequently, steam velocity decreased and

was able to satisfy to the limit imposed on the ccoler

entrance velocity. The and result is a condenser geometry

that makes complete use of the available resources and

conforms tc the geometry to take advantage of the thermal

conditions in the condenser. The big limitation with this

approach is that the number of rows is held constant. Thus

the subsequent condenser is designed around that value and

the subsequent optimum design is a function of the number of

rows specified.
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TABLB I

I

Input Design Data

_

PARAMETER
I

1

i I

VALUE

1 i

1 Total number of tubes j

1 Tube length (feet) 1

I Tube inner diameter (inches)
1

I
Tube wall thickness (inches)

1

5230

10.3

0.527

0. 049

| Tube outer diameter (inches)
!

I
Tube mat'l thermal conductivity

I

I
btu/(ft-hr-QF)

0. 625

26.0

I . 1

Tube pitch !

1 Percent of tubes in the cooler I

Steam inlet flow (lbm/hr) 1

1. 38

7.0

16 1,961

J
Fraction of non-condensible gas

1 (ppm)
37. 1

Steam inlet pressure (psia) 1. 294

j Steam inlet temperature (°F) 110.52

| Coolant inlet velocity (ft/sec) 8. 473

| Coolant inlet temperature (°F) 75.66

| Fouling factor .0002

1 Inner void diameter (feet) 1. 1

J
Row spacing (inches)

i ~

1. 35

L _ J
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TABLE II

CONDIP ferification Results

EARA METER

H€at transfer area
(sq.ft.)

Overall heat transfer
coefficient
btu/(hr-sq. ft.-OF)

Log mean temperature
differencs (°F)

Coolant temperature
rise (°F)

Coolant mass flow
rate (10* lbm/hr)

Condenser volume
(cu. ft.

)

Bundle diameter (ft)

Shell-side pressure
drop (psia)

Steam exit-fraction
(% of input)

Heat rejected
(10 a btu/hr)

Area ratio

EXPERIMENT
RESULTS

8805

635.2

28.24

10.61

1.503

5.7 7.2

0.751

1.593

0.291

CONDIP
RESULTS

88 14

547.9

28.62 1.3

9.90 -6.7

1. 540 2.5

432.3

7. 17

1.29 71 .8

13.3

1.451

0.266

L

CHANGE
(%)

+ 0.10

-9.5

-9.03

8.59

JL
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TABLE III

Volume Minimization

PARAMETER

Total number of tubes

% of tubes in coder

Tube length (ft)

Tube inner diam. (in)

Tube wall thick, (in)

Tube outer diam. (in)

Tube pitch

Void diameter (ft)

Bundle diameter (ft)

Condenser volume
(cu.ft.)

Area ratio

Coolant inlet vel.
(ft. /sec)

Coolant mass flow
rate (10 7 lbm/hr)

Head loss (ft H20)

Pumping power (hp)

Coolant temperature
rise (°F)

Log mean temperature
difference (°F)

Heat transfer area
(sg.ft.)

Average overall heat
transfer coefficient
btu/(hr-sq.ft.-<>F)

Steam exit-fraction
(% of input)

Heat rejected
(10 8 btu/hr)

ASELINE
ESOLTS

4-

5230

7.0

10.3

.527

.049

.625

1.4

1.10

7. 17

432.3

0.266

8.473

1.540

7.35

55.69

9.90

28.62

3814.

574.9

13.3

1.451

RESULTS
L (%)

5117

7.01

9.92

.582

.022

.626

1.73

1.34

6.59

362.2

0.300

9.00

1.9 55

7.18

68.99

9.00

29. 13

8320.

689.9

0.0

1.672

-2.2

+ 0.1

-3.7

10.4

-55.1

0.2

23.6

21 .8

-8.1

-16.2

12.7

6. 2

26.9

-2.3

23.9

-9. 1

1 .8

-5.6

20.0

-100.

15.2

OPTIMIZED CHANGE
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TABLE I?

Power Minimization

PARAMETER

—T*

I

I

BASELINE | OPTIMIZED
RESULTS

|
RESULTS

h

CHANGE

Total number of tubes

% of tubes in coder
Tube length (ft)

Tube inner diam. (in)

Tube wall thick, (in)

Tube outer diam. (in)

Tube pitch

Void diameter (ft)

Bundle diameter (ft)

Condenser volume
(cu.ft.)

Area ratio

Coolant inlet vel.
(ft. /sec)

Coolant mass flow
rate (10* lbm/hr)

Head loss (ft H20)

Pumping power (hp)

Coolant temperature
rise (°F)

Leg mean temperature
difference (°F)

Heat transfer area
(sg.ft.)

Average overall heat
transfer coefficient
btu/(hr-sq.ft.-<>F)

Steam exit-fraction
(t of input)

Heat rejected
(108 btu/hr)

5230

7.0

10.3

.527

.049

.625

1.4

1. 10

7. 17

432.3

0.266

8.473

1.540

7.35

55.69

9.90

28.62

8814.

574.9

13.3

1.451

6393

7.4

13. 34

.66 7

.0455

.758

1.812

1.13

9.25

964.4

0.277

3.00

1.0 67

1.11

5.84

16. 3

24.82

16,921

393.8

1.0

1.6 54

+ 22.2

j
+5.7

>29.5

I
+26.6

i
-7.1

| +21.3

+ 29.4

+ 2.7

+ 29.0

+123.

1

+ 4. 1

-64.6

-30.7

-84.9

-89.5

+64.6

-13.3

+ 92.0

-31.5

-92.5

+ 14.0

.__L
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—
TABLE 7

... ,„..,

1

Power Minimization With Volume Constant

|

PARAMETER
.... ._..,_ __

.

BASELINE
RESULTS

OPTIMIZED
RESULTS

CHANGE 1

(%)

Total number of tubes 5230 5062 + 3.2

% of tubes in coder 7.0 6.7 -4.3 |

Tube length (ft) 10.3 11.39 + 10.6

Tube inner diam. (in) .527 .594 +12.7 |

Tube wail thick, (in) .049 .022 -55.1

Tube outer diam. (in) .625 .638 + 2.1 |

Tube pitch 1.4 1.7 53 + 25.2

Void diameter (ft) 1.10
|

' 1.14 +3.6 |

Bundle diameter (ft) 7. 17 6.73 -6.1

Condenser volume
(cu.ft.)

432.3 431.6 -0.2

Area ratio 0.266 0.2 97 + 11.7

Coolant inlet vel.
(ft. /sec)

8.473
I

6.74 -20.5

Coolant mass flow
rate (10 7 lbm/hr)

1.540 1.508 -2.1

Head loss (ft H20) 7.35 4.69 -36.2

Pumping power (hp) 55.69 34.77 -37.6

Coolant temperature
I

rise (OF)
9.90 11.6 + 17.2

I Log mean temperature
J

difference (°F)
28.62 27.63 -3.5

| Heat transfer area
I

(sq.ft.)
8814. 9631.4 + 9.3

I
Average overall heat

I
transfer coefficient

| btu/(hr-sq.ft.-OF)

574.9 627.3 +9. 1

( Steam exit- fraction
| (% of input)

13.3 0.0 -100.

I Heat rejected
I (10* btu/hr)

1.451 1.669 + 15.0

i . . _j i
_. —

i
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TABLE VI

Volume Minimization With Power Constant

PARAMETER

Total number of tubes

% of tubes in coder

Tube length (ft)

Tubs inner diam. (in)

Tube wall thick, (in)

Tube outer diam. (in)

Tube pitch

Void diameter (ft)

Bundle diameter (ft)

Condenser volume
(cu.ft.)

Area ratio

Coolant inlet vel.
(ft. /sec)

Coolant mass flow
rate (10* lbm/hr)

Head loss (ft H20)

Pumping power (hp)

Coolant temperature
rise (OF)

Log mean temperature
difference (°F)

Heat transfer area
(sg.ft.)

Average overall heat
transfer coefficient
btu/(hr-sg.ft.-<>F)

Steam exit-f ract icn
(% of input)

Heat rejected
(10* btu/hr)

ASELINE
ESULTS

1_

5230

7.0

10.3

.527

.049

.625

1.4

1. 10

7. 17

432.3

0.266

8.473

1.540

7.35

55.69

9.90

28.62

8814.

574.9

13.3

1.451

OPTIMIZE
RESULTS

2D~T CHANGE
(%)

4 86 7

7.2

10.92

.581

.022

.625

1.7 39

1.20

6.41

378.4

0.299

8.27

1.701

6.67

55.80

10. 34

28.38

8697.

677.4

0.0

1.672

-6.9

+ 2.9

6.0

10.2

-55.1

0.0

+ 24.2

+ 9.1

-10.6

-12.4

+ 12.4

-2.4

+ 10.5

-9. 3

+0. 2

+4. 4

-0. 8

-1. 3

+n .5

-100.

+ 15.2
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TABLE ¥11

Volume Minimization With Linear Variations

PARAMETER

Total number of tubes

% of tubes in coder
Tube length (ft)

Tube inner diam. (in)

Tube wall thick, (in)

Tube outer diam. (in)

Tube pitch

Void diameter (ft)

Bundle diameter (ft)

Condenser volume
(cu.ft.)

Area ratio

Coolant inlet vel.
(ft. /sec)

Coolant mass flow
rate (10 7 lbm/hr)

Head loss (ft H20)

Pumping power (hp)

Coolant temperature
rise (OF)

Log mean temperature
difference (°F)

Heat transfer area
(sq.ft.)

Averaae overall heat
transfer coefficient
btu/(hr-sq.ft.-<>F)

Steam exit- fraction
(% of input)

Heat rejected
(10» btu/hr)

BASELINE
RESULTS

-4-
OPTIMIZED
RESULTS

chang:
(%)

5230

7.0

10.3

.527

.049

.625

1.4

1.10

7. 17

432.3

0.266

8.473

1.540

1

7.35

55.69

9.90

28.62

8814.

574.9

13.3

1.451

0.298

9.0

2.48

5.84

71. 1

7.1

30. 14

7746.

713.1

.-±

0.5

1.665

5348

7.3

8.7

*.729 .583

.022

*.773 .627

*1.75 1.44

1.28

6.8

345.8

2.3

+ 4.3

-15.5

-55.1

+ 16.4

-5.2

-20.0

12.0

+6.
2*

+61 .0

-20.5

+ 27.7

-28.3

+ 5.3

-12.1

+ 24.0

-96.2

+ 14.7

* Inner row values followed by outer row valuss.
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71. CONCLUSIONS

The intent of this research was -co create a detailed

condenser analysis cede capable of being coupled with a

numerical optimizer and to test the program to prove its

versatility. An additional objective was to validate the

analysis with existing data. The results of the test cases

were presented in Chapter Five; tha resulting conlusions are

summarized here.

A. There were significant difficulties encountered in

formulating the complex condenser design anaysis, CONDIP, in

a way that was compatible with tha optimizer C3PES/C0NMIN.

However, the majority of those problems were overcome

resulting in the creation of a program which, when combined

with the optimizer, is capable of taking any initial design,

no matter how impractical or infeasible, and solving for an

optimum solution based on a set of pre-determined

constraints and design variables. There are still some

minor limitations as to the degree of optimization, but the

final design is usually within 10 pecent of the single best

optimum. In addition, the test cases indicate that as many

as ten design variables and six constraints can be used

simultaneously in the design optimization with CONDIP.

B. The test cases demonstrated the effectiveness of CONDI?

as a design tool for not only the conceptual design of a

condenser, but also in evaluating comparison studies based

on any number of design variable conbinations . The number of

possible combinations of design objectives, design variables

and design constraints implies limitless possibilities to be

explored and evaluated.
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C. An attempt was made to verify CONDIP with existing data

with inconclusive results. Part of the blame can be placed

on the rather inadequate quality and quantity of the data,

but the general performance of CONDIP' s condenser indicates

a weakness in the analysis. As stated earlier, the source of

the this weakness may be found in the correlations used for

condensate inundation. The constants used in the expression

for correcting shell-side heat transfer coefficients are

based somewhat on conjecture. Yet they play a significant

role in the overall condenser performance. Despite this

limitation, the ability to optimize CONDIP*s detailed anal-

ysis is a significant step forward over using the tradi-

tional and limited HEI method.

D. CONDIP incorporates features that further increase its

appeal as a design tool. By possessing the ability to

linearly vary pitch and tube diameter, a better under-

standing of how to improve condenser performance based on

its configuration is realized. The capability to incorporate

shell-side tube enhancement is another added plus. The

possibilities that can now be investigated are limitless.
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VII. RECOMMENDATIONS

In addition to the insight that this investigation has

given into the generation of automated condenser design

programs, it has specifically addressed the shortcomings and

pitfalls which may be encountered along the way and offered

possible solutions to overcome them. Presented below are

recommendations for furthering the developmentof CONDIP as

a completely versatile and accepted design program.

A. Since the weak link and the most signifcant unknown in

condenser analysis is the effect of condensate rain in

typical condenser environments, subsequent research should

be devoted to investigating this phenomenon and developing

more precise analytic correlations. In particular, the

effects of velocity and flow direction on the condensate

film should be attended to.

B. Perhaps in conjunction with the above, a test condenser

should be constructed which is geouetrically similar zo the

model proposed in CONDIP in order to physically observe and

record the condenser performance. This data could then be

used to either verify CONDIP or strengthen some of its

anaysis. In addition, this condeaser should be built such

that the tube bank can be arranged in any combination of

pitch, tube diameter and row spacing to fully appreciate the

effects of these variables.

C. A series of sensitivity studies should be conducted on

CONDIP to fully exercise its capabilities and determine the

relative effects of various designvariables on condenser

performance. Tradeoff studies similar to those performed in

this research would be most benefioial to fully understand

condenser behavior.
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D. Additional subroutines should be created which would

allow tube enhancement to be a design variable. This

involves developing correlations between heat transfer

enhancement and associated frictional losses. This type of

relationship can be developed for both tube-side and shell'

side enhancement.

E. Finally, it is recommended that additional refinement

be performed on the code to incrsase its capability and

flexibility. One such way is to somehow allow pitch, tube

diameter and tube wall thickness to vary linearly by row

while still allowing the number of tubes to be a design

variable. The options available are limitless.
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GLOSSARY

While it would most beneficial to present a complete

glossary of all the variables used in CONDIP, the sheer

number makes it difficult to present a comprehensive list.

However, CONDIP makes liberal use of comment cards to define

as many variables as possible to make the code easier to

follow. Therefore, the computer listing in Appendix C is

available for reference. A list of the possible design vari-

ables and constraints is provided here along with its corre-

sponding position in the GLOBCM common block for easy

reference in writing the appropriate COPES data cards. In

addition, it will be specified whether these variables can

be used as design constraints or design variables.

1. ALST: The length of the condenser and cooler tubes in

feet. ALST is to be used only as a design variable.

2- DSLWP ; The pressure difference between the inlet and

outlet coolant headers of the condenser bundle in psi.

DELWP is to be used only as a design variable.

3. DELWPC: The pressure difference between the inlet and

outlet coolant headers of the condenser bundle in psi.

DELWPC is to be used only as a design constraint.

4. GFLOW ; The mass flow rate of the coolant in lbm/hour.

GFLOW cannot be used as a design variable simultanouesly

with VEL3I. Otherwise it can be used as a design variable

or a design constraint.

5. SIDI: The tube inner diameter of the innermost row of
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the condenser bundle in inches. SIDI is to be used only as

a design variable.

7 - SIDO: The tube inner diameter of the outermost row of

the condenser bundle in inches. If there is to linear

variation of tube inner diameter then this variable repre-

sents the tube inner diameter of the entire condenser

bundle. SIDO is to be used only as a design variable.

8. PHP: The coolant pumping power in horsepower. PHP is to

be used only as a design constraint.

9- RSPA: The spacing between concentric rows in the con-

denser bundle in inches. RSPA is to be used only as a

design variable.

10. R ADINS : The inner void radius of the condenser bundle

in feet. RADINS is to be used only as a design variable.

11. REWI: The tube-side Reynolds number of the coolant in

the innermost row of the condenser bundle. REWI is to be

used only as a design constraint.

12. REWO: The tube-side Reynolds number of the coolant in

the outermost row of the condenser bundle. If there is no

linear variation of tube inner diameter then this variable

represents the tube-side Reynolds number of the entire

condenser bundle. REWO is to be used only as a constraint.

13. SDDI: Tube pitch (tube spacing/tube outer diameter) of

the innermost row cf the condenser bundle. SDDI is to be

used only as a a design variable.

14. SDD O: The tube pitch 3f the outermost row of the con-

denser bundle. If there is no linear variation of tube

pitch then this variable represents the tube pitch for the

entire condenser bundle. SDDO is to be used only as a

design variable.
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15. SLDI: Ratio of tube length to tube outer diameter of

the outermost row of the condenser bundle. SLDI is to be

used only as a design constraint.

16. SI DO: Ratio of tube length to tube outer diameter of

the outermost row of the condenser bundle. If there is no

linear variation of tube pitch then this variable repre-

sents the tube pitch for the entire condenser bundle. SLDO

is to be used only as a design constraint.

17. YSLBI; The velocity of the coolant in feet/sec. VELBI

cannot be used as a design variable simultaneously with

GFLOW. Otherwise it can be used as either a design

constraint or as a design variable.

18. XW1 ; The ratio of tube thickness to tube inner diame-

ter. XW1 can be used only as a design variable.

19. XW2 ; Tube thickness in inches. XW2 is to be used only

as a design variable. XW2 and XW1 cannot be used simultane-

ously.

20. VOL 1: The overall condenser and cooler volume in cubic

feet. VOL1 is to be used only as a design constraint.

21. VOL 2: The volume occupied by the tube bank, excluding

the volume of the inner void, in cubic feet. VOL2 is to be

used only as a design constraint.

22. TNOTOT: The total number of tubes in the condenser and

cooler combined. If Option 1 is being used then TNOTOT is

to be used only as a design constraint. If Option 2 is

being used then TNOTOT is to be used only as a design vari-

able.

23. BND RAD : The condenser bundle in feet. BNDRAD is to be

used only as a design constraint.

24. ARATIO: The ratio of the total cross-sectional area of
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the tubes (based on the tube outer diameter) to the tube

sheet area. ARATIO is to be used only as a design

constraint.

25. ODI I: The tube cuter diameter of the innermost row in

inches. ODII is to be used cnly as a design constraint.

26. ODOI: The tube cuter diameter of the outermost row in

inches. If there is no linear variation of tube inner

diameter then this variable represents the tube outer diam-

eter of the entire condenser bundle. ODOI is to be used

only as a design constraint.

27. VLCMAX: The maximum allowable steam velocity into the

cooler. VLCMAX can be used only as a design constraint and

only when a cooler is being designed in the system.

28. PRCCLR: The percent of the total number of tubes in the

cooler. PRCCLR can be used only as a design variable.
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APPENDIX B

OSEBS MANUAL FOB COMDIP

This appendix describes the data cards that are neces-

sary in order tc couple any design program with

COPES/CCNMIN. Also described are cards illustrating data

input required by CCNDIP to initiate analysis. Thus, the

data is divided into the C0PES/C3NMIN program section and

the CONDIP-based condenser design program section.

The COPES data is segmented into "blocks" for conven-

ience. All formats are alphanumeric for title, end and stop

cards; F10 for real data; and 110 for integer data. The

formatted input may be overridden by inserting commas

between data entries. Comment cards may be inserted anywhere

in the data stack prior to the end card and are identified

by a dollar sign ($) in column 1. The COPES data stack must

terminate with an end card containing the word "END" in

column 1-3. It should be noted that information pertaining

only to single analysis and optimization is presented here.

Information concerning the other options available in COPES

along with further explanation of COPES capabilities can be

found in [Bef. 13].

The analysis data is also segmented into blocks for

convenience and they begin immediately following the "END"

card in the COPES data. No comment cards are permitted here,

and the analysis data stack must terminate with the word

"STOP" in columns 1-4. This is ahere the initial design

values are placed for entry into CONDIP.

Default values are recommended for use in the following

COPES data cards unless otherwise noted. It is recommended

that these values in the COPES data blocks be used until the

user becomes familiar with the program. In addition a
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sample data input is illustrated in figure B. 1 at the end of

this appendix.
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DATA BLOCK A

DESCRIPTION: COPES Title Card

FORMAT: 20A4

12 3 4 5 6 7

i

1 1 1 1

r
1 r

{TITLE I I I I I | I

1 k-
+ 1 1 f ^ +-

I I I I I I I

I I i ! I L J L

REMARKS:

1) This line is available for a briaf description.
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DATA BLOCK B

DESCRIPTION: COPES Program Control Parameters

FORMAT: 7110

1 2 3 4 5 6 7 8
-

NCALC
I

NDV

i

i

'!
i

i

\ j

\

I

t

1

1

- I

1

1

T
1

1

FIELD CONTENTS

1 NCALC: Calculation control
Read input and stop. Data of blocks A-B
is required. Remaining data is optional,

1 One cycle through the program. Data of
blocks A-B is required. Remaining data
is optional.

2 Optimization. Data of blocks A-I is
required. Remaining data is optional.

2 NDV: dumber o£ independent design variables
in optimization or optimum sensitivity
study.

REMARKS:

1) Field 1 determines program execution

2) Fields 3-8 are to be left blank for the CONDIP
application of COPES/CONMIN

.
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DATA BLOCK C

DESCRIPTION: COPES Integer Optimization Control Parameters

FORMAT: 8110

1

T
1

r
IPRINTIITMAX JICNDIBINSCAL

r

1

8

ITRM | LINOBJ I NACMX1 | NFDG |

-I
+

1

L.

I

J L

r
i i j

HELD

1

CONTENTS

I PRINT

1

2

3

4
5

IT MAX:

ICNDIR

NSCAL:

ITRM:

LINOBJ

NACMX1

I

Print con
rogram.
o print

Print ini
informati
Print abo
design va
Print abo
direction
each iter
Print abo
Print abo
vector, o
during th
required.

trol used
CONMIN.
during op
tial and
on.
ve plus f
riable va
ve plus c
vector a

ation.
ve plus g
ve plus 3
b jective
e one-dim
Remainin

in optimization

timization.
final optimization

unction value and
lues at each iteration,
onstraint values,
nd move parameter at

rad'ient information,
ach proposed design
function and constraints
ensional search.
g data is optional.

Maximum number of optimization iterations
allowed. DEFAULT = 20.

Conjugate
DEFAULT =

direction
NDV+1.

restart parameter.

Scaling parameter. GT.O - Scale design
variables to order of magnitude one every
NSCAL iterations. LT.O - Scale design
variables according to scaling values
input. DEFAULT = Mo scaling.

Number of subsequent iterations which
must satisfy relative or absolute
convergence criterion before optimization
process is terminated. DEFAULT = 3.

Linear objective function identifier.
If the optimization objective is known to
be a linear function of the design
variables, set LINOBJ = 1.
DEFAULT = Non-Linear.

one plus the maximum number of active
constraints anticipated. DEFAULT = NDV+2.
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PAIA BLOCK C (Continued)

FIELD CONTENTS

8 NFDG: Finite difference gradient identifier.
All gradient information is computed by
finite difference.

1 Gradient of objective is computed
anaytically. Gradients of constraints
are computed

2 All gradient
analytically

are computed by finite difference.
All gradient information is computed

REMARKS

:

1) The value of NSCAL = is suggested and ITEM = NACMX1 =
should be used.

2) The value of IPRINT may be reduced when the user bacomes
familiar with the optimization output.

3) The default values will be used if the card is either
left blank or a value of zero is entered.

4) Because of the complexity of the problem it is necessary
to have a large value for ITMAX so the problem will not be
terminated pramaturely. Recommended value is ITM&X 40

5) The complexity of the condenser analysis ensure that no
function can be considered linearly dependent on any combi-
nation of variables. This justifies using the DEFAULT value
for LINOBJ.
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DATA ELOCK D

DESCRIPTION: COPES Floating Point Dptimization Program
Parameters

FORMAT: 8F10

i
-- -t

FDCH FDCHM

2 3
1 — 8

1 1 \ i

|CTLMIN|THETA | PHI |+ L + |

CT CTMIN CTL

a—.

IIILD

1 FDCH:

2 FDCHM:

3 CT:

4 CTMI:

5 CTL:

6 CTLMIN:

CONTENTS

THETA

PHI:

R-elative change in design variables in
calcula'
DEFAULT
calculating finite difference gradients.

= 0.01

Minimum absolute step in finite difference
gradient calculations. DEFAULT = 0.001.

Constraint thickness parameter.
DEFAULT = -0.1.

Minimum absolute value of CT considered
in the optimization process.
DEFAULT = 0.004

Constraint thickness parameter for linear
and side constraints.

Minimum absolute value of CTL considered
in the optimization process.
DEFAULT = 0.001

Mean value of push-off factor in the
method of feasible directions.
DEFAULT = 1.0

Participation coefficient, used if one or
more constraints are violated.
DEFAULT = 5.0.
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DATA BLOCK D (continued)

FORMAT: 2F10

1 2 3 4 5 6 7 8

w— « 1

1 1 1

|DELFUN|DABFUN|
t i 1

i /

1 ! !
i i

i ! i _j

i i

1 ,' !

FIELD CONTENTS

1 DELFON: Minimum relative change in objective
function to indicate convergence of
optimization process. DEFAULT = 0.001.

2 DA5FUN: Minimum absolute change in objective
function to indicate convergence of the
optimization process.
DEFAULT = 0.001 times the initial
objective value.

REMARKS

:

1) Note that data for Data Block D is entered on two
separate cards. A blank card indicates the default value is
to be used.

2) If the NDV is greater than 3,
FDCH is between 0.05 and 0.10.

tha recommended value for
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DATA BLOCK E

DESCRIPTION: Total Number of Design Variables, Design
Objective Identification and Sign on Design
Ob ject ive.

FORMAT: 2I10 r F10

HELD

1

2

3

CONTENTS

NDVTOT: Total number of variables linked to the
design variables. NDVTOT must be greater
or equal to NDV. This option allows two or
more parameters to be assigned to a single
design variable. The value of each
parameter is the value of the design
variable times a Multiplier which may be
different for each parameter.
DEFAULT = NDV.

IOBJ: Glcbal variable number associated with
objective function in optimization or
optimum sensitivity analysis.

SGNOPT: Sign used on objective of optimization
to identify whether function is to be
maximized or minimized. +1.0 indicates
maximization; -1.3 indicates minimization.
DEFAULT = -1.0

REMARKS:

11 Currently there are not any variables in CONDIP which are
linked to any of the design variables. Therefore the DEFAULT
value is used for NDVTOT.

105





DATA BLOCK F

DESCRIPTION: Design Variable Bounds, Initial Values, and
Scaling Factors.

FORMAT: 4F10

VLB VUB ISCAL I

t—

i

FIELD CONTENTS

1 VLE:

2 VUB:

3 X:

SCAL:

Lower bound on the design variable.

Upper bound on the design variable.

Initial value of the design variable.
If X is non-zero, this will supercede the
value initialized by subroutine ANALIZ.

Design variable s~ale factor. Not
used if NSCAL > in Block C

REMARKS:

1) There must be one separate data card for each design var-
iable. Therefore there will be NDV data cards.

2) For all applications with CONDIP, initial values for the
design variables will be entered through the INPUT subrou-
tine called in ANALIZ.
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DATA BLOCK G

DESCRIPTION : Design Variable Identification

FORMAT: 2I10,F10

1 2 3 U 5 6 7

r
NDSGN IDSGN A MOLT

T
1

~,_

L

j

T
i

4- -I

ELD

1 NDSGN

2 IDSGN

3 A MOLT

CONTENTS

Design variable number associated
with the variable.

Global variable numbar associated
with the variable.

Constant multiplier on the variable.
The value of the variable will be the
value of the design variable, NDSGN, times
AMOLT. DEFAULT =1.0.

REMARKS:

1) There must be one separate card for each of the NDVTOT
design variables. These data cards must follow the same
order as the corresponding design variable parameter cards
in Block F.
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DATA BLOCK H

DESCRIPTION: Number of Constrained Parameters.

FORMAT: 110

|NCON

I j -.—

i

FIELD CONTENTS

NCONS: Number of constraint SETS in the
optimization problem.

REMARKS:

1) If two or more adjacent
block have the same limits imposed,
same constraint set.

parametars in the Global common
these are part of the
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DATA BLOCK I

DESCRIPTION: Constraint Identification and Bounds.

FORMAT: 3110

[ICON IJCON jLCON |

( + 1

I I

L.

6 7
1

+—

j j_

ELD

1 ICON

2 JCON

3 LCON

CONTENTS

First Global numbsr corresponding to
the constraint set.

Last Global number corresponding to
the constraint set. DEFAULT = ICON.

Linear constraint identifier for
this set of constrained variables.
LCCN = 1 indicates linear constraints
DEFAULT = Nonlinear constraint.

REMARKS:

1) In CONDIP there is only Global number and thus one con-
straint that comprise a constraint set. Therefore the
DEFAULT value is used for JCON.

2) All the constraints in this analysis are nonlinear. The
DEFAULT value was therefore used for LCON as well.

3) This is the first card of a two card set which must be
read together.
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DA£A BLOCK I (Continued)

FORMAT: 4F10

1

r
BL SCAL1 |BU ISCAL2

j + 1 +—

l_
I I

J_

—

FIELD CONTENTS

BL:

SCAL1

BO:

SCAL2

Lower bound on tha constrained variables,
Value lass than -2.0E+15 is assumed
unbounded

Normalization factor on lower bound.
DEFAULT Max of ABS(BL) or 0.1.

Upper bound on tha constrained variables,
Value greater than +2.0E+15 is assumed
unbounded

.

Normalization factor on upper bound.
DEFAULT = Max of ABS(BU) or 0.1.

REMARKS:

usually be defaulted, with
e notable exception of exit-fraction. the
The normalization factor. can

excepti<_.
for this constraint

1L
factor used
upper bound.

is
'normalization

usually ten times the
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DATA BLOCK P

DESCRIPTION: COPES Data "END 1 Card.

FORMAT: 3A

1

END I I I

I I I

1

CONTENTS

The word •END* in column 1-3.

REMARKS :

1) This card must appear at the end of the COPES data,

2) This ends the COPES input deck.
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DATA BLOCK AA

DESCRIPTION: Geometry Option

FORMAT: 15

1 2 3 4 5 6 7 8

I I

jIOPT
J1 1

1

1

1

i

"
'i

,

1 1 _ . __L 1

-J

—

_ JL_ _ J i j

, a

i

i

1 IOPT
1

CONTENTS

Two condenser geometric options
IOPT 1. Number of condenser rows is
a input as a constant; the number of
tubes is a dependant variable.
Ose data blocks EE,FF,and GG.
IOPT 2. Number of tubes is allowed
to be an independent variable and the
number of rows is a dependent variable,
Ose data blocks HH and II.
DEFAULT value is IOPT = 2.

REMARKS:

1) Data is right-justified and blanks will be interpreted as
zeros.

2) If IOPT = 1, a smaller finite difference (FDCH1 can be u-
tilizea in data Block D. This is because with this option
the design analysis is less sensitive to the problems
discussed earlier. Recommended using the DEFAULT value of
0.01 for FDCH.
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DATA BLOCK BB

DESCRIPTION: Condenser Orientation

FORMAT: 1I5,3F10

1 2 3 4 5 6 7 8

1

ISEC

i

SECWID PHI

i i

P3CCLR

i

1

I

i

'" 1 i

1

1

i

i jL X J
i L_ J

1

1 j
!

FIELD CONTENTS

1 ISEC

2 SECWID

3 PHI

It PRCCLR

The number of sectors in the condenser.

Sector width in degrees of arc.

Symmetry angle measure from the vertical.

The percent of the tubes in the cooler.

REMARKS:

1) Data BB is required, no matter what geometry option is
chosen.

singularity.

3) PHI is that angle from the vertical that cuts the conden-
ser in half.

4) Data is right-justified and blanks will be interpreted as
zeros.
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DATA BLOCK CC

DESCRIPTION: Void Size, Tube Length, Row Spacing

FORMAT: 3F10

r

1 2
1

1
RAD INSj ALST

r
RSPA | I

* 1 J-

i i

J I

FIELD CONTENTS

1

2

3

RADINS The inner void radius; feet.

ALST The tube length; feat,

RSPA Concentric row spacing about the void;
inches.

REMARKS:

1) Data CC is reguired, no matter what geometry option is
chosen.
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DATA BLOCK DD

DESCRIPTION: Tube Material Parameters

FORMAT: 1 5, UP 10

IIWALL XW

T
TDBESH SKW

1 I

I FOOL IH—
I I

FIELD

1 I WALL

1

2

2 XW

3 TUBES

W

4 SKW

5 FOOL

CONTENTS

A Flaa indicating the tube thickness
specifica tion.
IWALL = 1. Tube thickness is input as
ratio of tube thickness to tube inner
diameter.
IWALL =2. Tube thickness is input in
inches.

The input for wall thickness, dependent on
the value for IWALL.

Specifc weight of the tube matsrial;
lbm/(cu.f t.)

Tube material thermal conductivity;
(btu-ft)/ (sq.ft.-hr-QF)

Tube fouling factor.

REMARKS:

1) Data DD is required, no matter what geometry option is
chosen.

2) Data is right- justified and blanks will be interpreted as
zeros.
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DATA BLOCK EE

DESCRIPTION: Number of Rows

FORMAT: 15

1 2 3 a 5 6 7 8

I
I

IN3ROHS
i _ J

.... ,
<

i

L_ -

1
1

f

L i— __L J
i jL_ _J 1

1

i

1

1

1

1

FIELD CONTENTS

1 NOROHS The number of concentric rows in the
condenser bundle built around the center
void

REMARKS:

1) Data EE is used o r.ly when IOPT = 1

2) Data is right- justified and blanks will be interpreted as
zeros.
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DATA BLOCK FF

DESC RIPTION: Tube Inner Diameter

FORMAT: 1I5,2F10

1 2 3 4 5 6 7

I I
"

i
—

-
r——*——i 1 T 1

I I I I I I I I

|MDIAM JSIDO ISIDI 111(1
i h ^ j 1

1_
1 + <

I

I

1_.

FIELD CONTENTS

1 MDIAM A flag to indicate whether tube inner
diameter will linearly vary by row through
the condenser bundle.

1 . MDIAM = 1. Tube ianer diameter is uniform
through the condenser bundle.

2 MDIAM = 2. Tube ianer diameter varies
linearly through the bundle by row.

2 SIDO Tube inner diameter of the outer row;
inches.

3 S*IDI Tube inner diameter of the inner row;
inches.

REMARKS:

1) Data FF is used only when IOPT = 1

2) Data is right-justified and blanks will be interpreted as
zeros.

3) Cooler tubes use the inner diameter of the innermost bun-
dle row.

U) The DEFAULT value is MDIAM = 1
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DATA BLOCK GG

DESCRIPTION: Tube Pitch

FORMAT: 1I5,2F10

12 3 4 5

I 1 T i !

I
MPITCHj SDDO JSDDI I

|

I j i i i

t-~- t r

J

FIELD CONTENTS

1 MPITCH

1

2

2 SDDO

3 SDDI

A flag to indicate whether tube pitch
will linearly vary by row through the
condenser bundle.
MPITCH = 1. Tube pitch is uniform through
the condenser bunila.
MPITCH = 2. Tube pitch varies linearly
through the bundla by row.

Tube pitch of the outer row;

Tube pitch of the inner row;

REMARKS:

1) Data GG is used o nly when IOPT = 1

2) Data is right-justified and blanks will be interpreted as
2eros.

3) Cooler tubes use the pitch of tha innermost bundle row.

U) The DEFAULT value is MPITCH = 1
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DATA BLOCK HH

DESCRIPTION: Tube Inner Diameter and Tube Pitch

FORMAT: 2F10

SDDO j

6 7
1

3

f-

SIDO

JL

FIELD CONTENTS

SIDO

SDDO

Tube inner diameter for the entire
condenser; inches

Tube pitch for the entire condenser

REMARKS

:

1) Data HH is used oily when IOPT = 2.

2) Data is right- justified and blanks will be interpreted as
zeros.

3) In the calculations, 31 DI is set equal to SIDO and SDDI
is set equal to SDDO. This avoids the need for two systems
of nomenclature for each geometry option.
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DATA BLOCK II

DESCRIPTION: Total Number of Tubes in the Condenser

FORMAT: F12

— - " i

r
jTNOTOTj

T
+—

FIELD

1 TNOTOT

CONTENTS

The total number of tubes in the
condenser (cooler and the bundle)

REMARKS:

1) Data II is used only when IOPT 2.

2) Data is right-justified and blanks will be interpreted as
zeros.

120





DATA BLOCK JJ

DESCRIPTION: Inlet Steam Mixture,

FORMAT: 15,2F10

1 2 3

1

JGAS |HSI

L

IWNCIR
]

1 L

T T
4-

— 1~

I^LD

1 JGAS

1

2

3

2 WSI

3 WNCIR

CONTENTS

A Flag indicating the type of
non-condensable gas entering the system.
JGAS = 1. This indicates that the gas is
air.
JGAS = 2. This indicates that the gas is
carton dioxide.
JGAS = 3. This indicates that the gas is
a mixture of the two.

Steam flow rate entering the condenser;
lbm/hr.

Ratio of the non-oondensable gas flow
to inlet steam flow; lbm/hr.

REM A R KS

:

1) Data JJ is required, no matter what geometry option is
chosen.

2) Data is right-justified and blanks will be interpreted as
zeros.
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DATA ELOCK KK

DESCRIPT ION : Inlet Temperatures.

FORMAT: 2F10

1 2 3 4 5 6 7 8

» i

STBI ISTSAT1
i

r
—— —

—

1
i

i

1
i

1

1

,
, 1

i

!

i-+—
i

i

j

1

i

i

1

i

1

t

1

1

l

j

.. ! . 1 I _.j
i

j— >i

FIELD CONTENTS

1 STBI Coclant inlet temperature; °F.

2 STSAT1 Inlet steam saturation temperature;
OF.

REMARKS

:

1) Data KK is required no matter, what geometry option is
chosen.

2) Data is right- justified and blanks will be interpreted as
zeros.
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DATA BLOCK LL

DESCRIPTIO N: Cooling Hater Parameters

FORMAT* 2F10

1 2 3 U 5
.

, r ,

6 7

IFLOW JX5
4-~ 4

FIELD CONTENTS

1 IFLOW A control flag for cooling water
SDecif ica tions.

1 IFLOW = 1 . Input pressure drop across
cooling water healers in psia.

2 IFLOW = 2. Input cooling water velocity
in ft/sec.

3 IFLOW =3. Input coolant flow in ibm/hr.

2 X5 Actually input the value for flew into
this variable. The specification for flow
to be determined by IFLOW

REMARKS:

1) Data LL is required, no matter what geometry option isI) Data
:hosen.

2) Data is right- justified and blanks will be interpreted as
zeros.

3) X5 acts as a temporary all-purpose storage variable for
whatever expression for coolant flow is used.
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DATA BLOCK MM

DESCRIPTIO N: Internal Enhancement Regions

FORMAT: 15

1 2 3 4 5 6 7 3

I

w
1 1

NEI 1

_. i . ..

I— 4r

1

I

1

T
1

1

1

1

I

1

1 1

.. .. „._ 1 j__ — . . i_ - .. L i. .. i

FIELD CONTENTS

NEI Number of internal enhancement regions.
A value between 1 and 6.

REMARKS:

1) Data MM is optional. There must be NEI subseguent data
cards providing the necessary parameters for each region.

2) enhancement can only be used if IOPT = 1.

3) Data is right-jusxified and blanks will be interpreted as
zeros.

U) This value was zero for all runs.
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DATA BLOCK NN

DESCRIPTION: Internal Enhancement Parameters

FORMAT: 215,3 F10

1 2 3 a 5 6 7 8

1

INRNI
i

1

I NET I ENI
i

EC
1 1

BE |

„, . . i,

V

1

1

1

i

i

!

i

i

1

I

1

; - _..„,.

t

1

1

i j

1

i

1

i

i

1

1

1

— J

FIELD

1 NRNI

2 NETI

3 ENI

a BC

5 BE

CONTENTS

Row number of first row in inxsrnal
enhancement region.

Number of tubes in each internal
enhancement region.

Internal heat transfer enhancement
factor.

Coefficient in internallyenhanced tube
coolant pressure irop calculation.

Exponent in coolant pressure drop
calculation.

REMARKS:

1) Data NN is optional. However, if NEI is greater than zero
then there must NEI "NN" data cards to provide the necessary
data for each enhancement region.

2) enhancement can only be used if IOPT 1.

3) Data is right-justified and blanks will be interpreted as
zeros.

U) These values are constant for entire run and cannot be
changed by the optimizer.

5) This value was zero for all runs.
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DATA BLOCK 00

DESCRIPTION : External Enhancement Regions

FORMAT: 15

1 2 3 4 5 6 7 8

|NEE
1

1

1

1

.... .. ! -
\ < \ i

1

1

1

1

FIELD CONTENTS

NEE Number of external enhancement regions.
A value between 1 and 6.

REMARKS:

1) Data 00 is optional. There must be NEE subsequent data
cards providing the necessary parameters for each region.

.

3) Data is right- justified and blanlcs will be interpreted as
zeros.

4) This value was zerc for all runs.
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DATA BLOCK PP

DESCRIPTION: External Enhancement Parameters

FORMAT: 2I5,2F10

1 2 3

1 T~
RNE |NETE j ENO

h +

i i i

t
ENH

I I

II2LD

1 NRNE

2 NETE

3 ENI

14 ENH

CONTENDS

Row number of first row in external
enhancement region.

Number of tubes in each external
enhancement regioQ.

External heat transfer enhancement
factor.

Steam-side pressure drop factors.

REMARKS

:

1) Data PP is optional. However, iF NEE is greater than zero
then there must NEE »pp» data cards to provide the necessary
data for each enhancement region.

2) Data is right- justified and blanks will be interpreted as
zeros.

3) Enhancement can only be used if IOPT = 1.

4) These values are constant for an entire run and cannot be
changed by the optimizer.

5) This value was zero for all runs.
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DATA BLOCK QQ

DESCEIPTION: Baffle Options

FORMAT: 15

1

r
IBAF |

I 1

h

T

I L
i

1_.

T

FIELD CONTENTS

IBAF A flag to be used to determine baffle
number and location.

RE MA B KS

:

1) Data QQ is optional.

2) Data is right- justified and blanks will be interpreted as
zeros.

3) These values are constant for an entire run and cannot be
changed by the optimizer.

U) Additional specified baffles were not used in any of the
runs. This value was zero for all runs.
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DATA BLOCK RR

DESCRIPTION 2 Baffle Location

FORMAT: 15

1 2 3 4 5 6 7

i

1

r
1 1 r~ t

IJBAF I | | | |

H- -f-
1 1 f-

r

I ! i ! L

1
I I ! I I I

FIELD CONTENTS

1 JBAF An array containing baffle locations

REMARKS:

1) Data RR is optional.

2) Data is right-justified and blanks will be interpreted as
zeros.

3) These valuss are constant for an entire run and cannot be
changed by the optimizer.

4) Additional specified baffles ware not used in any of the
runs. This value was zero for all runs.
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DATA BLOCK SS

DESCRIPTION: Detailed Printout

FORMAT: 15

I

IIPRT |

T"
I

I4—
I I

FIELD CONTENTS

IPRT A flag to generate a detailed output
of the condenser analysis (OUT3)

REMARKS

:

1) Data SS is optional.

2) Data is right-justified and blanks will be interpreted as
zeros.

3) These values are constant for an entire run and cannot be
changed by the optimizer.

4) This value was zero for all runs.
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VOLUME MINIMIZATION - CIRCULAR CONDENSCR
2 8
l',40, t Si ,,20
.10

If20t-I.
1.0,2. OE+15
1000. , 8000.
1.1,2.
3. ,9.0
.022, .109
.407, 1.206
.1,1.
2. ,10.
1,1
2,22
3,14
4,17
5,19
6,7
7,10
8,29
5
4
-2.0E+15,, .01, .01
23
.5, ,5.
24
•1,,.30
26
• 625, , 1. 25
28
-2.E + 15,,2 00.
END

2
12 29.99 180. 7.0

0.55 10.3
2 .049 282. 26.0 .0002

.527 1.40
5230.0
1 161970. .0000371

76.66 110.52
2 8.473

Figure B. 1 Sample Data Input.
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APPENDIX C

CONDIP LISTING

The following Appendix contains a complste listing for

CONDIP. An effort has been made to make the program as read-

abls as possible through liberal usa of comment cards.

132





oooooooooooooooooooooqooooooooooooooooooqooooooo
rHcsj.-nvttrvsor^oooo—tojrosf in-or^co J>o^cM<r><fLnor^ao^o.-H(\irn^, Lrv-or»cocro-H(\im <f h-onoO0000O0OO-h»h—«»H»-*rHrH>-«f-t»HtNJc\jiNrvjrv4CM(Mrsjrg(>g(nrornrn ro corn en (MrO-T-rvr'T-r T^T-^^T'aoooooooooaoooooaooooaoooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooo
QaaooQoaooaQ3oaoooaoQ30C3ooooaooQOOQaoaaooaQQaoQaouoaoouoouooouuuuuuuuouuuuo'Jouoouuouuuuuoouoouuo

<i— »acm
*-* 0. 2) •-« »~*
»» cOZ CQcOw LU
*•* oCH- H»<W- QC** » •• COO'-O 23** Q_<-\| •-Jl— CO
•*» X-l -* »3 00 -•

* * O.O ^— » LU CO
•*» •:> CONOCO aC Q.
** 23 » *-*-5 a.
•** QH t-H"—O
-*-* -.-J XU.oi ^ • •»

** cOO C3»<tO z ZcO
* # »> »joz < oq; • •

** t—• •. J"o _j -4IUCO CO
»-* Qcnj 3 «-

»

"3 1—Q3S rC
** >-«"*: no-O O <t<ro C3** LOX LULU— O -lUJH- I—#» • •» •CO»-H 23XO O
*-* 3^-4 -»»-*Z LU O <t <
** -H a^ >o *a; CO OCCU- LU** -jxue^u-z 23 <l U
** II LU »JO< •• h- Uhh H-
•** O^-tOZ-il— <tz z»» o ».CQOUJ>-h-0 Q Q.3LU LU

m ** -J <_»QC • «~- LU O ST •£.
1— ** < OUJQ--»QLU O atH-LucOLU
13 ** o 1—> -sO-^Z z Q2O0CO
a **

**
H-l

xo<>-«oz
<
X

<tzaz
UJ_J<H-<<

-j *» I LuasrzLu • H> z QCOXOX
_i *-* h- •^JOLUCO-* LU LU 2QZ<Z
< *» •-I o<^j • »-o LO COOLULULU
o ** 2 a. »^-»—

w

2m »vOLT\«-« <
>
-J

CO
LU CO 0C Q.QC

~« ** r-4 jQOwHK H- -J QCoOLUQLU
o *•* H- 1—

«

IU_IQX^-CU < H-<* Q-OLUqCLU
• * * 23 -I QtOQZI-Z Q LUZ a^coQco

LU ** a < • •</)LU</) • LUOg hUZ Z
z ** z z Q.Q •• •—

—

J O LULU •Z<<LU<
-« • •** i-»

»

< 2Qni»aO —1 Z H-Z< CCCHOCO O O H- •** JQQ>0 —

-

< >-« ZZQJQ.hr-H
-1 -h eg z #* —

.

LU > LU00Q—H»LU Z2 QC Mt-it-tQO CO

<Z 3 ** - z 03 a ••Quja.i- »~« LU h-Ooil—coi—
ooio o a ** cC —

1

m-i »coauj « 1- XZ<oQ<tLU<
-OH. H« O ** a. 1- a H-Q»-« •»-«z 3 z H-«-«—J LUQiLU
—>H- HH ** HH 3 LU i/)Qm-» • • O LU O 23ZUJXCLX
luo o—• • #* -—

«

O _) _J«/)QvOod»-« -J zi—Ok-iqc:
rsJctO • ou a •*-* ag _J < •O'—ILU LU a LUZ-I 23-JIU—

1

•-» H- -J Z ** 1- 03 < a »uoz «* < _ILU<l-cO<lQ<
_j——» ac —< <«* ** o 23 o S3003Z • LU mOZWZhZ
<oa^-» a_ mo • + ** Q. i/i 5!ujt-< -«lu ^ 0? LUO lULUQCCOOf!
Z • • ** ••-« Ot— ** z I— 0«?H->». »LU t-« 03>-«Q.ZQiLU 'JJ

<*H-»- — 3— «Z ** H-» 23 03 »<H-S2 1— 23LuooQ. 1-2:1-
oo ai luZ3 ** Q. O*-»0CQ-t/3 • CL h-luqco. zv-x

LU • • H- »Z -IZO ** UJ I Z 1 -J3<ZLUX-JZ 1 QQX II —»C0UJ
zoo "3Hua <m «o »* Z |

i—

»

1 OLU "MrtlOJM 1 no LU
Mjjoai-juot- it h*** •»* •1

1

1 saasoi-MN i Q. II II II

H-<< II ZO<acroZ3 a: II *» *-
1 1 »< h-«-«U- 1 H.II II 23oahHauQ oi-at-z -** o 1 1 ZcOolZ Q.QlZ 1 CO JHIQ

0*-«>-<Z »* O Z»-*ZaC ** O
!

—i 1 OZQOhS •O 1 -JO LULUZZZa-wDjj«j|-j3«-D3 $» a: i 1 1 3:>-»z3:i- -h-,2:
1 <CQ COOLULULU

03 a_i_j _i -jo o>-a ** CO | a. i 2:a co a:<s: v> a: 1

OU.LLO<<U.<Q<OLLOIilZ ** 23 1 z 1 a<t •oco<:so 1

CO •-••-» «-iOO »-<OOO!—••—»•—• ad LU ** cO 1 i-« >—

»

1 OctH-OI— >-> *o 1 CM
-** 1 \ r-tC4 rHojrO** 1 Q. in| 1 1 Q.

** 1 Z rvl 1 1 Z
** 1 * ISl 1 1 >-»

o o o *» 1 1 <A
o *-< c\io m <->uj<j^j t-)i~>u<JH*ji->U{~) ^U^if~>U<~H-^-i<J<^)^HJ>

133





ooooooooooooooooooooooooo
o*Oi-«<\im>frm ors.co jsoh^ ^-lo -o r*. co o>o .^(N'-o
>r to inmu>lo u> inx\ irvm -o ^u vQ ^o ^o »o ^) *o -o ^> r*" r*" r* r>.oooooaoooooooouoooQoaoooo
ooooooooooooooooooooooooo
oaaOQaQooaaaooQaaaaaoaaoaOOOUOOO'JOUUUUOOOUiJUOUUOOU

00000000
-4-m so p» go ono ,-«

r* r>i r* o» r* r* aj co00000000
0000000022222223aaaaaaoa00000000

00000000000
<nco -4-m o r** go a*o —<\i
GOCOCOtOa3COcOCOU>t/>C7*QOOOOOUOOQQ
OOOOOOOOOOO
aooaaaooooa

0000
<-<"><}• trvo
•j^ltkjxj*OOOO
OOOO
222200000000

o
A
H»
0,
a.
-• •

• 2
2a. a

H-»-
<0
OO.
t-tl—
U.O
-Oo
LUO

<o

o
UJ
a. •

•

aC
uj •

H-X
ajO
31—
<-»

Q
'U

UjcO
COO

2 •
2>-«tOto<<t
-1 22XX20022

• •

22OO
•""-

«

OO
UJiJJ

22
aitu

LULU

ao
'SO
aiuj
aCaC

•-ULU

LULU
OO

22
LULU

Q.LU tOtO 20»-« ,-<iiJUJ
tOO

00O
OhOO QC2Z
•—*h- LU UJ -J -JLU CC Ctf

0_tOa_LU </)•—» |_<c£!a_<<tOUJLU
X2UJH- LUH- <•-« 2Z2HH
njOH-X Z< *-»0-H-H-c_:c_:lu;X2
3*-»<lU ^OrOoC<t22LUUJQujt-i
33V-S-—OtOO OUJLUt—H.2ja aji-.oa:> szxzazzOO i/)i-JO a_ujujuj»-«o <-•»-»-»

2 »2h» a_<oo
lulu—.f-uj uj »<UJ22XXUJ33 I

I-J_JDQUJJNUJZ<<OOIOO
<u.oa.2cou, »ZHii«i-Li:a:i
•a:u.at-03a.H-tjz2Luai o

a_ <oooh-< _j lulu zhi-a:
Qjjaj O cOoc" a£ 22ni/)i/)
h»o or 2or luqco«j-j»-i(-» a.c_uj
0-Jct:0-.>-»00»-iOU.<< to-i"-»Q
<U-OU_0 IL.2U.U_ Z2^3U.U.H
U> U. LLtO "«•-« OO.Q.LUUJO tO

to o a_02H-o<ujujcacOL_:u.u.z
OtOO<00<f-«Z<JH-HOO QOn
Z«_I<HJ<UJJU.X2I-HU.
N-tS_JU.-JOU.H-OU. LU'-' Oaca_H-
-J U. U.LU Z*-l -J U.U. LUUJ<
oh- -j to_io -jou-u-oooccocoQZJOJ QOWQiiQO UJ3SO
u,<oa.ou.cc <cch- a_accoz)0»-«
-Ja_H-Q_OH->0+-2q_ 0-LUUJ3ZZ

aiOt-2v- ?•«_" 20LULUeocoo iu
000202 «ac<L)ao'oas?:z"53ccDuaoaooi-Mj jz^d 000
H- O UZ <2 II OXJ22 N C_ a. H-

II II II II 22
11 11 11 11 11 11 x 11 11 to 11 11 11

-£ -5 -J SOU II JE
-JOLLOH-O-JU-i/XtH- LU*-»OUJ»-«H-i
O—l<-J<--UJ<<<—m-«uj>-iv-H-0C22O
OU. COU_0.tO 3: TOO OO.UJUJUJUJO G_0_U.OhhhmhTji;Z2ZZ2ZZZV)

o
iu a_
</>a <02 «LU
<tQZ

O !JJ»—

•

2-JH--J
h-jLUH-

CO032
3a.<

CO Ul
>—)IJJQ.I-U

3 -I
LUH-C03-
_J >-••<

02 *-J

Ohhq_q_
a ai<»
ShH>

o

UJ 2
X H-)X33

0_H-<O

LU2Qto -3zza luooi-2
-«ajaiQi.u(X iJ. ;_

UJ CO H»U» •-»

I 0<0<H- I H-
J— >iQ <

3XtO t03LUt0H-
OO »-•Q H-ia_ Q_O Q_
Q_'-« 2 LUO*^<

u,
I

»

t—
u.

I

a_
X

I

o
H»
CO

>
OH

u.

UJO
JO
o>»

3
o

to
CO

U.H-co
o

LOO
UJ2
•uo

CC
o
cO-J
2<t
IU»-»

Qq_
.2UJ
OH
0< 3
3 <

LU out
IUJUJH-
I— COtoto

UJ
CO

O

cvjh-

XtO
to (/)

OUJUJ
22X
<i^O02

Zhi-a
-4 U,H-

LU
tOX 3

0_OU. UJ|->0
O CO H--J

:xuj_j o.OLL.»-'U.ct:23
ItO<H-Q.toaQ.200< ZHOU XXH-

IUJ3 O <<UJOQ. 3Q.LU OtO-*v tO
Q OXH-H-LUO-tOQC 2O.3H-U.h--Jt03U._Jt0
hOK-OOOS UJi-iUJUJ OXUJ<COO_JUJ
tOH-OH-22 LU-ILUQ IHhi 0:>3-J <2
H-<t2»->H- LUO<Q'-»XH- <Q_«-« Ui3^
OO O- LU-jH-j»-n-jtOH- H-tOLUUJJ.O O OOmZ 2a:OtOOtOH-0_JUJ c0 3BO>^UJ-JUJi-t
QiilZUJ<ZZ<Z3H<jZZ -J2H-<CQXhZIHI <H(_w03mZH1UI- OOH-<mH H-tO 0-«-«»t02*-« U.Q. H-

2 2>LU3H-H-C-!UJ LUH-O I— -JQOHargO(_Ja«aHHHJ'-iZ 32»U—

J

*-»H- II
•-> II »-«H-QCX H-<ZLU<0<000-0<

H-H-H-H-UJ2 IloS<-»HUJJ»-i-lZ 3
ujoo-<*CL«i30ujtJouj _izna.o>-a.t-»n
C0<0»-»0»—»>COCO»—H-tOUJO»-»H-tOO-< •—"U
3>-J Q_ Q-to 0»-»hh COO O0C3Q-H-CQ
H-U.U,<U.< l| H-Q- Q. II OO II II II H-3<0

i-(>t-i>l| H- II II tOUJC-H-
II l| to || II II O II —•»— S. H-

Z M II H-OOOt-iOC II || II

OH- h<h03 «-)<H-UJcO»-i II

QQ. »-iOQ.OQO35C0t0ac0_IO»-« -HtNJ

N-.0 X<tOOOLU^H-H-20Uj2t03 jE3
to»-* a.c_;Q-totototototoH-H->3:3:xxx

oo
c_
a.
»<

--tO.
Xto
cuat:

OH-
-<tO
3I-J
o<
LU ••

to to

2
O.UJQ
OtO<

OOO
I m>t^o
1 rornro
I

» •> •>

I ir\intr\

I
>«,w—

rvj I

I | QQQ
a. i <t<<
2 I LULULU
--»

I __a_Q-

o.
I

INI |

I

•134





oooooooooooooooooooooooooooooooooooooooooooooooo
f>-cX)OO'-^r\4mv$, trt-0fs-'X>OO'H Jrr\>i,

Lf\ Ot-aoOO^cvJ^^Lrv-Of^GOC^O^fNjrci -j-'^sOr^ooo^O'^'N"^^

000000000000000000000000000000000000000000000000ZZ2ZZZ222ZZZZZ222ZZZZ222^2ZZZ2ZZ222Z222:2222Z2222aoooaooaQQaaoaoaaoooaQooooaaQOooaaoaoaoaaQOofjaaaoououuuooouuuuouuuooououuououuoguououuoououooooo

J o
o
LL O
• o

CO —

CO H QQ
LU -J' >-4CO
co • co »
OH- *0
H» Q. OQ
» O QQ a
3 ** t-«'0 Q
X <— CO • Q

<
2

O
a

Q
cu

a:
a

co »X

o<h-

Qoa.

•o
QQ
COH-

O
OQQQ
cOII
II -»
«-«Q
QQ
•—»co
CO

II

!3E

o ooo oo
i— mmm mco

-. ^.^— >— XII
~» a os
>- QQQ»-QQH-<
LL OILUOIQUJLUQ.Q
•-» QtaiaCOcXQiZS:

»4 • CM
•Of •
oai lu
lu * z
•X •

<!--)_)

•-•cOif*
cOe-X

33-ScO *
XX » »3
|| II c0»-»O
•HCNKCQ—

I

220Hlt
xx-jco»-»

•^ O
LU OJ
03 -4
• •m

-» >-• OOo •-* »» h- CO
CNJ «• o X
•H O c\J 25 oo

CO »-H LU OH-
o » «
H- — O -^ -»a

•-* *- »-» —

O

o -m •v Oo i-« a a LU—
z: o 2J CO-

-V LU LU t-H rH
•^ •» •^ » • 1

43 -^ m —

.

1— •
• i—

1

•o t-« oo
I— >W • <<« •LU
O 1-4 H- LU LL •mmm • H- o H- <LL

XXX t—

t

LU • LU ca<
II II II OLU z OUJ z -•CO
a. >-i:s <fZ » OLU •» »* i

HcQO -—

•

^ z «» •"«* —
JJJ
'J LULL. H-Q M 1- • ** oo: —
a-><3 Z I-* OS LULL. *Q LL

^o< zaiao 2<— • <
-»-»-»ujo • ccluO • o;cQr\i—» co a.
tHCvlrOZ • 27 —» Zh I oil-* «-i

• • • —0*-« —OLU • »<t
~m~,~~-»-m. 30ICI-.0 •LU—O aLU——aiOCO- —
dNOOO LULULUO iHZOO tLUZOOJlili-iO o
• •m^csj • • •mar-J •^mo-j •irvro • • •m ro
OrorOvi--r-5 -5-5Tr<riu •^h^-j-lu •—>*-^tJLU.,-ivt >r
UJUJ » • »(J • • »ucc • •<-• II •• * *uj II » »<<t it *lu •>

• •inir»in_jooo-J j-Jir»«^Lu»-tininLULU>--tinirvcQai»-iinQin
QQ.<2 • i22<«w«U. II || IIU.LULU*-LU2: ^»«-»<XIZ ^.wh^i-i w^^.

>»««»-i>^ II ||
—,*QQQ || Q033C>-'—^Qx-xfOQQ-—'if\QQ<-"-f-Qh

Q

II
p-^cg <<<_j_j-j_i < <:<t *i< *5.z<

'J.U.3LL 3"2'X LLLUUJ LULL LU LULU LLLLLLLULL LLQ LU ULLLLOUJ LU LL LL OUJ C'il
>—•»-«(—»t-«x X>-»»-«oC QiQC ,_, >Q»-»»^»-«q^i—••—iQoi qc ,""«»-«0 qCqC ,_"-«QQC1 Oai

o
0<M

OO
COST

OO OO
r^co

X35





oooooooooooooooooooooooooooooooooooooooooooooooo
inoNJ)oo--t(\j 1 f(^Ti'ONi»c>o-<'Mm^.n or*- ^ooo-^cMio^Mn-oi^-TOoo -4CM^4'in-or-*}'^Or-«i\j
^>r >a*-T >fininminininmLninin-o o>o nO^UnQ ^o vt> sQsQi»»r—r^r^r-r^-r^r-r-r* to oo coco 3533 uo aoa>ao(jn/»cr

000000000000000000000000000000000000000000000000222Z22222Z2222ZZ2Z^22^Z^2Z2ZZ2Z22ZZ2Z2Z222^2Z2Z2oaoooQaaooaaaoooQOQoaooaoaoaoaaaaooaaooQaQoaaoooUUOOUOOUOOOUUOUUUUUUUOOUU'JOOUOOUOUOOUUUOOOUUUUUU

CO
CC O

00 O O
a£ O cC r-t

a .H cC
a: O >-* O LU a
0* O «M m H.
LU O ^ a ^ 1-

O
i-i *

•H O
- O O O Q. a O
3 h- a l~ Z H.
a. a o •— h- ^
z »- a a ••
*-• ** LU

-J CT»

LU O * CM —» 03 —

»

•

-J •m • -» < ^ -^ LU
CO «• *H O f\i cC m «• ^1

< MM • LU • LU .-1 • •

CC cm O • 3 > • to

LU • LU X LU O LU • 2
> ar • • O -J K O
O LU T. 1— J LU • aC
O • < M •J cC • O a
LU 1- o*-» CL < 1 LU CM t-i QZ
aC a. -HO 21 3 Z to X 2 in>—

hS •—

•

•^ O •-^ %tf O ^ •

g
-• ^0 • Mtf 2 _ —• • LU a— O • cC X • • 00 tO az

u. • HOC 2! O CC -1 LU LUZ • H-<
cC H a < • 1— O —1 1— z oto<t •

1- O Ql a • -* <w H"

4

• < < < UJi-H • LU O—
to • O 0— a rH a. «» 2 O • 00—

^

CM tO OO
LU • »-« (M 2: • s •H •-• O —

•

•-•I— • x«-« •

>- wt «» s or • -J <o -»f-
•""» -fc 1,. CMO- .g -i LU« B. L ar--» -» ^ • -«.-»OvO-«1 11 » CMO —OOOO •LUOOO •OOO luooo H oo-Jrnooo • •

uj>or»^ Of •soao^ lo«y»-« fOOH cMmu. «<M>tLn a»to cm

1 1 «>j"^in LU 21 >*>*LTV o>J->fLA j-tinm 1 \ • tom*luin to in iu2 m
1 1 h- •»•»«. • <t •. • «» >— - » • -i » « »

1 I • «*OJ •h m m •0 •»

1 | 0.-H Q-U h-^sO^^ •-DvO'LIH<.UOS;
1 1

UJ *JO+-i tO^J-Q 1— UC. nU

1 t Ox-—»-w Q.Q.-»^-.w^Q,,««-»*-"^ i» *-->———< 1 1 to —irj>tmmfnm aa >-

1 I -• CMOS! 112: ri-. II J 1 0«-«r-4 OX r-tCDZ'-*

1 m 1 WLULULU 11 ~•—.uJujajsr^-ujajujo— ujujlu_i
!

>* 1 II <-lII LULULU^LULULU II 1 i-iw 11 LU
1 t 1 ~»- -^-^-^»-h-<x-H-H-h-H-^-H-»-»--J 1 I 1 cc~aa-*-*s>-~t-t-i-ci:-*~act-
1 Q_ | 1—<-*•—iQ. —« <n<>-< k-i>-^i—• -* 1 11 n—<<t » CL j cC oC*->—i II 1—••-Ht—IQC CC—

u
1

1 a

z I Luo^QCacou-Lua:a:Q^OLLa:aCQc:cLLt.Qc:o(:a:^ 1 Z 1 LULULUQ^QC:CsJU_OiQ^QC:LUU.U,LUOC;
»-i 1 M2X3MMMi2^5:M3SJC32:»-i3:33M

1

1
-4-

1

-• 1

1

(Nl 1

HMMjtSXMi2iMHMMS
fsl 1

1

1 Q.

I z -VI 1 1 Z <Nl 1

1 .-. r^ 1 1
*-* INI I c O

>A 1 O i-H *A 1 CM CO >j-

<^><J)l-)<*JUU> 0* <Jl^*J>U<~><->**

136





oooooooooooooooooooooooooooooooooooooooooooooooo
m<^l^vor^<Da*Or-l\^-<t>J"!A-o^-aoa^'"^•-^'M^o^*• n-or«-a3a*o.-«(Mcf» ^irvvOf^aooo^cMm^tA or~ aoa*o
U>ONU>dNC7>U*<J»OOOOOOQOOOrH'^^^^rH'^^'H^*N4CM l^iMCMCNJ(M<^ c^c\jnvorfV^c^

000000OOQOOOOOOOOO000000000000000000000000000 OOO
aaoooQOQOQaoQaQOQOoaQooaoaaoooaaoooaaQqooooQQaQa

O
O

m CM
CM

O
a H-
h- a
a
<-D

o
O CM
O CM
CM

O
a »-
t-

o —00 -» -»

cj> -» CM

-» -» —I C\J

-» • • •
• t-» I— H»
O • -J -I
• h- • •

o O • •-• COON. • «-i (_) h-
-O -< O O -• O Q Z OO
rH 00 <T> Q r-| Q O .3 —a-Hf^i-^cMt/)^ «>» •

O h- tO «- ON O • Q
h- 00 — o • m <f a z

t/j t- o tot- h- • »— a: (mo cm 2 <jsoooz a£ OH- <<*•
o o »— -•o 1—0 00 <—cd o • •-•a o • -•*
QC O —. OO cOO O • QO Q-» OH-O <-t H» c\j-» o •

a — 2 • < _i -•— *-. Q_| Q O 3 2£ • ZCM
Z O H* O c£— <— </>—! «/><— CO • COO x o xo 35m

• • • • • • n (.3—» o • 1

o o 00 J> 00 • 00 • OOLU 00 • 00 t oo«o 00 — OOO OOh
v0 • (\)N • CMCOJ— CMCM— (MO • CMi-»t— CMCMX (MrOCM • <M«^ • (Mm • CM>00
in h» mm 00 inino mtno moz in>oo in>oo m^o •»— tn-o o m>ooc mo •

•O O • • Z •» • • •> • • •* •^ •» • • • m/hm m »Oy » »0 • » »N * » i i

U'-O r— -O^O -* -O <Jt— -U-UO vQ -O*-• ^i-OO 'O'Oh ^J^Quj • -UOvT «H- ^UvOO -O^O'iJ

—^ o *-— o —woo —o —a w_q —a. — «,h —<m<n<j —z ——
Z—« <t^ —l»H i-n-l Sh QrH 5:>-< ?3H * •—« 3t»H <-0

luo h« 11 lulu cc 11 lulu< 11 ujujuo 11 lliuj— 11 aiaico 11 lulu— 11 ijjlu—»x ii luujqcmx 11 lulu— 11 lulu—
t-r- waiH-|- —<xi-H—cXHl^—QCh-H-—Qc:^-H-—c^t-H-'-'QCKI-'-'"— cXH-l-»-3l---a:f-»-'-a:H-^->»
*-» ag*-* 1—1 aC—**-* C& i mi 1 oC»—it-H qc«—•<—• a£»—••-* o£»—•*-» co w 1 x cx ,~,,~» QC ' " ''

aio u_uja£c£ u_mc^c^u.uja:a:LLLUc^(^u.Luc^(^u_LUQCQc:u.LuciC(^u_LLULJa:c2c:o 11 u.ujo;QCu.uja:QCu.

O 000000
m o h» ao a» o »h

0^-« Oi-4 i-« ^« t-4 CM CM

O O O
CM cr» >* in
CM CM CM CM

137





oooooooooo
>r -^ >r >*• -r >r <r »r -* in
cmcm mcMcmcmcvjiMcm'M
oooooooooo
oaoaaaoaoo

oooooooooooooooo
r-^<M rO »fr •no t*» 00oo—I CMrO >i"m -o

cmCM cm i njcmcmcm c\ji\j cnjcni imcm'Mcmcm
OOOOOOOOOOOOOOOO2222222222222222aoaoaaooQQQOoao

oooooooooooo
r*»aooo^ cmm •>! 'A o r- ao

<N|c\4c\j csjrvj oj (\j \j (\j oj <\jr\j

oooooooooooo222222222222jaaaaoaaooao

OOQO
r-aiaoyo
fMCMfMCM
OOOO
2321:aoaa

oo

OOOOOO
m<^mor>-co
00CO U'^QOQ'-U
<MCMCM<MC\J(M
OOOOOO222222aaoaaoOOOOOO

ai u
oo X CO

o
s i— o
< »"« -J
«-t Cu <
a s: *

ai
cj»

2
u
o
2
<

UJ
O
2
<

J)

O
cm

o
o

cok-

COoO

O
fM

a
CD

HO
H--J
<u-
00»-»

00 •

nQ
CD •
H--»
COO

O
a*
CM

O
o

^0

at
-j

LU

aoJ2
—« •

O
o
m

a

v0

UJ
o
•

UJ
UJ

•
Q

-•2
LU<
2 •

o
ro

O

a
o

o
UJ
00

•
UJ

CO

o
2
<

UJ •
uj-»
2*-«

I

o
UJ
CO

LL
<
CO

o
CM
m
a
H»

a
o

• •o o

a

*o
-*x

CM
c£ »Om
QC •
UJ

II

I—
OH-
a. a.
20

u.
i a
OUJ

u_

oo • ooo
CMf»f- rvico •
m>oo
» » •

|| UJUJCO II LUlU—
QCI— H-'-^QCH-H-'—

UJ or QC U. UJ cC yl u_

——

o

oo •

CMOUJ
in^oo

-»—>ooo •
cgouj
inr-o

OOUJ
f\J»HC9

——-.oooo •

cMcgmo
ir»^r»-Lij

-»u» u_ -» min
in » • m «» • •
•in m • m oo
o •*» • o— • .-«•-«

r-«omo —•—4ino u-u.
u.ph •—« mu. «rH cocm
rnu»ou. i^ou. •« »

—• » »^ »—.cm »»^ »-»mino
in in in u_mm rnmu.mm *-*—<n

a
x
o
(M

II

<
*—

i

o

<
>

-»_i ^2<
<
O

» a
*2
*
XX
rnrM

25

a.
2
>-

X
—

•

(NJ

O
a 25

O
X
o
CMm »

m «- m

o

il

xo

u.
a

UJ UJ

<

3
ex

X
r\j

2

UJ

-J

<
>

3
a.

x
-M

XXX
-4 2-H 2--» —«^ Ul ZHKHt- H- 1— t-H-^-H-H-H-l—l—H-—iH-^H-OI—
|| UJUJ— II UJUJ^— || UJUJwII LUUJUJ«-t o:<<«<<<<<<<««cm< <-<
cchi—crh-K^ccHi-^ciHi-Hwa^zsxzzzzsirszzzsz zar s
c^*-»»-i o£«-i»-i ac>-«»-« cji»-«»-i»-« ot—ctocc^oiaCQCczQCQiQCaiQiciiQCQCOcci— qch-oc
uJc^c^u.ujc^oiu.ujoia:u.ujci:cjictu.H-ujaooooooooooooooh-o oujo
HiJwH^jtwHji^HS^J^ioaiu.u.u.iu.itAU.a.a.u.u.u.u.i u_>— u-oou.

o
CM

O
r-
CM

O
ao
CM

O
CM

O
O
CO

O OOOOOOOOOOOOOOOO ooo
-h cMro^i-mNor^oooOr-tcMco^mvOr*- oo ct< o
m mrnrnmrofororo^-^^^-^^^^- -4- >t m

138





oooooooooooooooooooooooooooooooooooooooooooooooo
C^OrHC^m^uvor^co^O^^jfO^u^-Or-co^O^'Mm^in^l^coOiO^cMm

i\j<MCM<MCM(M l^c\jr\|i\4r\j<T)rocT)rnrornrnrommrommrn^
ooooooooooooooooooooooooooooooooooooooo^oooooooo
aQQoaaoaaoaaaoaaoaQoooaQooQoaaooQaoaQaaaaQaaaaaQoaooooouuouijuuouoouu'ooououuaououoouoouououuouuuu

-• ti

ii a
tO H»
2 O
O Z
« H
a

o

LU
a
o

mm
•-*

•o
It h-
O
JJO

-»—iLU

* --2*m<

3a:3
O.I

—

o

•Ztooo
••-•»-••*

•a:
DOI

tOQUIh-
LU oOQ
30»-«»~»
Zlu 3
>-»t~UJ

Z2CD<
3~<-l
QCOO

ZLU-jZ
3I-_I<
>-« <
H.Z aC-».-«U,
33U.LU • *0
OOj3t/>c2>m
OJ ZlU'-'Qi
X LULUO •LU
HI4'JQ II CO

4Z2IOS<omai3
*aCO »t/5Z

^OQOrnO •XO
cmm-* >oo in >*•

aj
o

—

<

oz

II 35

Q
:*o0
U3
LUZ
uO

to
~sa

na
o

2:

CC
ai

a*J
lu
CO

to
23

ai
ca

25

a
aC
ai
ca

ai
X

m

ai

11

<

a
a:

rM

<
X

uj
a:

3
LU

CO

00
25
2!

to
3
>—

1

O<
aC

LU

3
co

X
co

m 11

00
LU—

.

II

'OO
-J
<2
•X
a*-

UJa;
iVllU

Z<
<LU
la:
h-O

CCLU
1X133
I-

LUOO
a:3OS
aiag
CQ!U

to-s3<
a

x
OUJ

lu;

LULU
CO CO33
t-l—
XX

11

3
a
•—

•

to

<
X

cC
ijj

<
J

aC
J3

LU
CO

to
3
3C

QC
'U
Hi
LU

LU
z

LU
25
3
h»
X
o
in

-o
3

• *LU
Q^h
~»—*uj
'ULUZ
« *<

II II
-•

3*-.3
QQ
aaac
tOOO'-U

Z
—

1

< 4 i <

«LO
XX25
-H-h-

LULUJ—
H-H.
«</5
dJIJJLO
ocaii-u

ijj ijjo
cOco>-«

•<
OX
LU
•to

II to
r\»UJ

UJ
•co
o

X

l/>

tO
LU

CM

2tO Z
<-3— <t
x^rnx
H» »H-
:so

LU^JLULU
H-U. •*-
< II <
uJZaiLU
CC—•—»ac
COtOOO

z
tot— CO

a,

UJ

3

to

3
<
X
X
LU

z
<
X

to
oO

LU
CO

H»
LU
CO

dJ
CO

'O
3

3! •
h- II

LU U.
CO <

25
IJJ -«
CO

H •
</» .jj

3 > -•

I— tOOH-
tOLUoCtO
3LOLU3

X—.StOrgZ
toco ii/joao.
3z)luolo -s:
3I2CO—«LUO LU

^ujZ-^^ih-
XXI- -^Z<OO II O 32
h-«—U-rH»-iU.arO
hh03IQUJ>-»
O.Q. Xh- H

O QZu

tO
z
a

i-tUJ

-c£
II

3:»-az
-JLU
LL3!
<-«UJO
•<
rOX
Z

C^LU
a

to
3— »2
rOHQC

Q. • LU
SIO'UJ-
LUfHCQZ
HiLU

IJJ

LU

•JJ

a
<
x
LU

LU

tO

3
-J
O

o
tu
00

I

II

a.

<
35

IJJ

tO

Q •
Z ~t< +

u
~l LU

LU
LU

H>
LU
CO

LU

JO

00

xxxx »xx X XX X

X
H^^lJo»CO <S

•t— m in 3
2 II 00U.h-»LU»-«H-
OH-30 »a «*o ac
-»<S II II 3 LU
t—00 ac-iciiujs: 00
OH- JSLULUUJUJ 3

LULUi-) *LU—«<tLU— LU00CDCCZC02U-
cocoi—ocot— x->m-o js s < a.D3< 25<»-Z »2 LU3 -O »cO -«
h-»—aC2h-ai hO^IhZXZXh-x
III<IlQ:iHl(DllMlH.IlfM
OOinXtT>mUJmuJco »^-irooorot/)0»-«0
^^1-^01-0 •mmrnr— r- m »^
• • • • »^ • 11 • • «• a »q • 11 •

cc lu •-• o z z oIIIUJIIqcICQXhIKKIujI

— H--» LUQllCSiCC
HHHh-HQl-H I— inH- I—t—»>—-.»—ht-aCHI-ZH •h-^hI— I—LUH-LUH- H
<<<t<^-i<< < •< <<m<rO«<0<<<<rs»<cO<<rNl<rNl<X<02ZZI32Z szojs—rs «s: iizz sj s^si-srs: Z Slf^S

I— cCeCCCcC cCcC cC~4aCcr)aLcc.Oc£Oa£iX.cCiiicCaC e£<VCCw<XaCZcCZCC -aCO
aooo *oo-ou.a •oo-^o^ooocdooluo oaiuoujoinoz

hLLa.u.a.ou.u>inu. ••u.ou.u.luu.lullj.u. u.u.2u.2ll •llu.lulj.uju.h-iu.lu

0000 00 00
»-*c\jcn^ in^o r*- CO 00
ininmin in in m m m>o vO

000 OO 00
rvirn-J- mvO r* co a*o
nOO-O >o-o -c -or^-

o
CM

o
m

»*
•**
##**
*•*
*•»
-**
*•*

» 4
•* •*

* *

**
**
**

*»
*•*

**

*»
•»*
**
*•»

**
**
•**
**

tO

u —

•

00 Ht
•—

< z

3O
m I

Z I

-• I

<a

cC
LU

z
LU

u_
3

3
a,

3
a

LU
Q
LU
-J

CO
<
at.

<
>
cC
O

CM
I

Q.

LU
LU

I

3
3
s
co 1

3 I rH
00 I

I r*
I K-

I 3
I O
I

3
a

i>4

139





oooooooooooooooooooooooooqoooooooooooooooooooooo
r^ooc>o-^(Ni<nv^ii^vor^oo(>o^rgro^in^r*3oaNOrH(>jro>t'in-Of*"Ooo*o^-» (Nt ,'><f ir\vor>«oocno HiN'O^t*

cnroro<^i^o^<^<t>c^rn<^rnrorO<^cnrnrnoOf^ity^rnrr)ro
OOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOO
oaaoaaaaaQaaaaoaoaaaooaaaoaooooaooaaaaoacjooaoooa

act-

-arm
i—i •»—

^

CO </)>-»
i

a. cm
X-i

•»>
o •
Oh
v/>0

l-H »
Q(M
-•3:
t/)X

3 »35
*— -

•H3i

HU.OC
a.<o

z> —

*

oo-o

3^ mm»-«2
CDS -O •<*

u. »^a<t -

<-JQC » •—
Quja-QuJ

—» »x-2a:
xa<H-oz
UL1QZ2UJ •
•_)OUJi/W
OtOJ » »v0
a. •>-»—>-

JQO-Hh
a)jQI>-uj
OooQZKZ
• »</)UJty> •
Q.O • *t—

—

3Qm«0.>0
JQO<0 —
uJiOQ—H-UJ
Q •OLUO.H-
»<-• »cqOlu

</>Q»-»-*i > •

< •a>—moi
a »uuzsjQmz •

occhs -ai
en »<W2Z
O*-»a£0.i/)

o

>oo
o
CM

2
O
-J
a.

oo —•^—

»

oo* ooo
rOtvj -Ot^-ao

o » * rnmcrj
>* <iO » • »

1—

»

~t —«» vOvO^O
o o o >m0-tt«m)

~l H- o ujuu
</>x t/> f-H-3! aiujLu
•oo »_J—»'-*o0 i-i-i-
0*-00 O-JOCQCLLJ -j' ii <i—

»

a>-« a Q<3 3c0 3Z)QCa:Qi«-i
•-•Q.—»Q Q3 3^033 2<0
tOSOW co«-»-»—H-</>U. 3:

• HfNJ i -
— -"» T-"~ —

»

-" «• • »-"» ---..-icvjrn—

»

OOOIOO ooaoooo • • «o
c\jrO «>oco r» muiuLiH<\jm00o^
(NiCMXCMCsl c\j(\j • •fOrorr>uJUJLUro
•» »o * • * »J-J » •» •> • • • »

O aCUJOoQ</> h-
-• JHKSZ S

02 1-* OHh<QO
LUO»-«Oa£OaCQi/>'-»00

f-——^o-^ooooo • lOOOOOOO
noooooooHNm^^oa'Ooooouji-i.t

i ozqQhS »oujuJujmujujmuJUJUJujuj^^uJujmujsujuJomujzujmomuj^»^ujuJuj-^->-5UJ

| ZQfflX<X^2l-t»-IH|MHHtMMMMMM HHMH H-ll-l .-..-• »-lh-» *-l»-l »-»*-•»-« »-«

I o< »ai/i<3:Oa:ct:r*a:a£c£c^c*a£c*c£a£ULu_Q£Qtfc£Q£u-<^c£ac£ac^
I KjcCh-Ot— •-» •03 33333333333mm3333m33033i-i33033hhjE33mmi-i2
| ^<\l HfMfO
I

I

O
o »-«

oo
rgm

oo

• 140





oooooo
couuuo cocoa*-
n">ro onmetro
OOOOOOZZZ2ZZOOOOOO

oooo
H<NJm*$-

OOOO
aaaaouuo

3na
OcOZSJJJ
U.LULU0>Q

ooo
-^^^
•> •» «•

0^0 O

UULULU
_4 h-H-h-

•<OQtfQCQC U.
OtO<^J33 3!»HUJ<
ZH>*-LL LUUJcQ

mrviH

ooooaaoooo
mo* o—*iuLQiutn >Of»»
rOco^*** • • •-4'*4,

>*'

» •> • »3C3:"5 •» • •

ULU.U.
LULU LULU »-«»Mj*-iLU LULUr— *-~——.—t— t— t—

a£ at: Qg Qi UL LU U_ a£ OC Ct
33 33 -**-*•-•3 33

oooooooooooooooooooooooooooooooooooooo
in Or*a50>OH<Nm^mor^oO^OHc\jm-4*mOr^tf**0>OHC\jm^mOr^<0<^OHr\j
U»0>U>a>0*OOOOOOOOOQ~1'-1HHHHHHH^rgi,JlN(NlMiN^(NIMiNJ(n i1 HT)

rr» ,-r^m ,t» rr> >r >r >r ^r >t ^r 4* >r ><• -^ ^r -^ ~r >r ^ -r -r «* >r >r >r >r >r -r -r >r ^r vj* >r-t -r ^r >roooooooooooooooooooooooooooooooooooooozzzzz^zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzoaaoaQooaaaoaoaooaaaooaoQoaaoaaaooaaoa
o » ac *

COH c£ X *<hi -» a. ac **«-•» lu I—
ax*** -J **n. — o u-

0\oO >s. • <J -»3oO iM •- — >»
aC •—

»

O O -»-•• ooOUJ *-» oo oo cQ
H-OO —UJ Ct LOH— -»LUa:i — -. h- LU _i
-OrsjO OO 0. «LU rvjX 0-*«S II O XX

r*-0 O OCX cvjuj >-*0'UZ<n|0 O o o
Q..HLU <t^t oo r-tu. »zaHHjj x z— •

OOX > •-»>-• U.X— II •-*•->X -*QO H -»mx
Q. LL. •* «»^>* XoOO II Z<—«H X -.a*

»-• ox or x »hsoi- • Di^j • oo »
0'n—< r*» >u <Oxui< -OXXO*-* •>< •—«rsj

OQc\i^-* — • » O •Ojj»-*XO-4*0 OrO XU» •
O-H-J O* * OH O aCH u_O *tXHI—OooHH H ~0
o oo # lu • o a •xacH-H •—«a:—«u_ » -"•-4a-*

**-•-• •* h- o^ «_j <st-*<* «»Hc\ja.-c »X *-. •—•a.
*: </> * xi iu. "2 • »</>«4* • -jS"!— i—xm mini- «•

(_) o* oo h «• o ujOXn iXO »-»^H -J »<x
a —, ~,^ ,-«x h- -»qhh omHooi—z »>» omarm
o mQ-ti-»# < »^o tnzu.HZHHa.MZ3H z~« *
33 >-»HOi>J«"l* f— -»X r* o >-«0 • »Qlt «• •* < UD--»3U.QH

O 00 at* < aoOUJ LU OXXh •XxZHHt-H-ScO •—tX
zo^ <* a h»hj z x cvjini— xmr-oooo'-» >-,

r<*» x o
O oo * •* «0 o mujH «*<ct*h •—iza.au -ohoi'-*
3! O X-12 •-< hX <\l«-* "NSl-az HcCrHcoaj
s o -» z cm •< oo •-oo •cc<XQca<o*-«-j-iHX «o^
O 2>tQ O* <-t r*<7> 00 00 00<LUluqc:»-« <<tu.l—t/)H«

O OHQ <•* QC "U.Z < 2Z^H>Ht>- qC<-Jh-,H oo o
m_» i^OrOCC* LU OO KD QhQU. LULULU< -Jh->-XI—OIOm

-J LL (NJQ* ^ QCXi-t 00 QC -^ »QZZa>^^ZZNZZNU,
< O Z* Z OC0H- LU oOQiXO«'-» "-t^-LULU »<^ »-J

CO CO-* !jj I—H< CO LULU CT> MHIOX atfQii^EH-OoOO
a •-• * —. O •!— O c013UJHLUQOZOaCLUajUJO00M«/)LU
-j <rno »-*ql luxz h- ooo "co ^»-ujcou.li.q:zxiuq.
o ana -* x>-» ooK-Lu i—h-'-«xolulux»-«i^o*ss: o»— Zoo

I- 00 Q#HQ Q-« _J oOH-HQQOadJt-OOiUO ^
>t'-« fNH-* »z LLH-tc*! < LLLLZO i-i»-»rH S OOO -JO—

I

X c\jO*XO 30 I- 00*-*ZaCoOoo •Qtl< Qtlact -•to-Jm_j
lu z*-oo o iuozzxa f*'0'HH(OH<i<

O H-*OsJ CtQiLU I— C*CtLU^U. •-«»-•vfLLOLLOOZ -SI—

3

0(NJ3 * H> LUO_J LULU-J H "-»X
O.HUJ X^X COH-O LL CQcQOLUOLULU •OUJ'OUJUJZOLUjliJ
3 or osicoxao zaz a s:-s:zao<cocox<co<cocooH'cojco

mo HOtNjrHtvj oluo ooooooomoooooH*-o<o
LU fMO » «• » ZOOCD "* ZZCOHU.HKHlth-U,l-K •a.H-'"3Ch-
Q <-i >XXX XXI X IIIIIIINIIHIXIIII
H~X 00*0 r*— <nj>^» r«*» 0^rv|0^-)r-OOoo*00>OvO-0->tCT«0>—*in

a.rHLU tHi-i«-* —*»HrM in ^^rotN^-trorNjrviuurom-^cvjog-Hrvit-ifOrvi
3 CC H»»* ••» » •.»».»• »X ••••»•••••

XCMO OJXXX-XXX x xxxxxxxoxxxxxxxxxx
f-« lu tMOinininvininm m mmmmmLomzmintrMnmininminm
in O OO >^«r-4l-l>fc rH'-l,-« r-(-.—t^^,-,,-*—<_(_Hr-tr-|—1-H.-J.H—l—^-t,-*— • z • • •>,» • • « »«v ••••»•> »x •»•» »-«^ « ft • •

H 0*-» O (M -O ro
XX HO XXXXXXX X »IIIIIII •IIIII iIIIIH^ h. <C7NCv|^^H^i-«HH ^lfl-4H^<HH^HX^»HHrfHHHHH^OX — • H u.

Z>—H- < l-l—Ml— I—f—I—.1—H- MH-H-H-h-t-l- 4-hhl-H »l—I—H-»—
e£<< IIII<«««tf< II <<«<«(M<t<<<<X<«<
SzziirsjHM^zszx-s-ri-cujz zzssszz iszzzzr-szrs
H-cCQCfMCM-sO^o-oinccccQiccarQCcx^Qt: ctaQcoiQCQCccoQCccoiQCai »ata:QCa:
UJOOO>ON\NNQOaOOOO O OOOOOOOHQOOOQJOOOa-
CtU-LL.**^ *>.*>. *** U.a.LLa.U_U-U_ZLL ULLLU.U.U.U.U.LLLUU.LUU.a.OLUU.U.a.rO

-H(\iro^m>o i-H h rM) t-i imj

oo
ooooo o ooooooo ooooo oooo

oooMMro^ m xOr*-cocT«Oi-H(M rn^mNor— ooo^o--*
OOO-HHHr-IH ,H HrHH^CsltMCg (\|(\lfSi(M(M CsKNirOfO

. 141





ooooooooooqooooqoqooooqooooooooooooooooooooooooo

r >r >r -r ^j- -$• -r >r «r -r --r >r -r >r >r-r -r >r ^r -r -r *r *r -r -r >r >r ^r -*- <r >r -$• -r --r -r -r v* >r «•*• -r -r ^r -r -r <r -r -r •>*•

OOOOOOOOO'JOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO2ZZ22Z2ZZZ2722Z2ZZ222ZZ2ZZ2222Z2Z22Z2:ZZZ2Z22^Z22ooQaQoaaaoaoaaaQaQoaoaGaoQoaoQOQGaoQOQQCiooaoagQ^
H« -»U, v, »23 W)Q-»
U» -U U, — <t»- *3!vn
>» Q(j> >* #-* a.3 -, *-*
3 <-»LU O cC »-* <^Z Xi<s>*+
H- X3 UJ X *•* CO- t-<H-
co — ox a v ——» *-* •» - 'v>'jto

X cC «-*m X 31 ^c\jt\j ** -» a.c\| --JH*
-h x-« o « m co-» ,-^ >-»*-» -* # x X-j ^ *i
~l >»>* X • _|>*i/> •..#* ^ O.Q *i~» »
» Sir* z-o x xoa-oooo »-» a «:> oovooo
x co • o-« nO vOOJX>-« ,-« #* •-• 3 • *^3
<7* _JfO cO • —« *oom •» * </> Q^ hs^q
» X*-i aC»-« •• X^ •*/)(/> *-* —•-) XU.ac

CM -OUJ <t • OJ iT>HXZZ ** olQ Q.<XO
• »a. oo • Hitoao •» * -» *> »coz
O X~4 —« O* —» „X,h»-»»-» *» X >-i •» _J~? *
.-* -*vO » QU. U. r\|~4*0 «OH- •* * «— 0<\l 3 •—

»

u_ >s-«x z » • -» • •m'jjuj-* #^ 3 — —ts ao^o
« n •to <uj x »a>x •ccacn »•* :> rsj /ix u_uj^.
x «o • a£ <t II u.m»H •-«** w » » «.</).-i

m m •-£ aC3 • »^,-<H,f— * * lu 2h ——»z
m ^u\0 -*.-•>- UJ -2X nj.22 ** - ^ 2)3 ~0 »oC
> u.uu^ lu<<* ac umr-4 »uj'ij ii •»» x -»ai jxcc^-u-2
H. »»U. Q Q£ 3 -J-« iXSZ ** OO — >Z LL *-JO< »
•-• xx ~«u_uj i— u. »<j>o>ajuju, ** z cc • Omozco-*
> ^'JVO XOQ. < >-«LUU. »oo< * * o a. x »coouj»-»-o
•-• ^ fc-v O S QC h- »Q.Z2:cO ** »-• 2 «*-» <-JQC » •-*•

I— •UIZ i-»ujUJ UU 00<XO<<—« * * O 33 Xivl 0'XiQ.-»QuJ
O QCf- QoiK Q. HQl^lill ** 111 I- ~*~ H-> -^O'-iZ
x> a<u. 23 x. -iq2z^ •»* cc £-• - *x^»3:qc:
q h-cco zv-z uj qc3 » ujuj-« *# an- xq<no2
Z O OoOO I- uja>ui ** Hi UJ ujqszlu •

O <tlZ"»(aHiH -»_j»-aCJJUJ ** 2 — Z •-Joujt^—
O U.OOataiXH S U.U.»-iO<<_J -» * uj X 0</>-J • »*0

_j»-«hh< o < — ocnzzij. *- ^ s ^--»-^ a. »>-»-»^
-J ou.^<o<uj aj ot-oococcacu. •»•» couj t,o^j>« 3h »>oinH
< Z o "» I- UJ<-0—Jui(Uaj< -* » +0CO 3-f *<ni JQU-Hh
S -«cO<i-OoOtOZ i^ Q.<UJa:h-l— CO *» Z Q2 .-«>X— LU_JQX>-'iJ
QC -JOOQC >-«'-«^i— ^OS>a2X •*-* O U)H-< Q"—>-0 QoiQZHZ
UJ 3<U. 'J) »-«UJCtf * O 2Ul <tU._JZ • *C0UJ00 •
X OS ioi/>t/)*- z s^^->« O ** cC OUJZ aC<iUUJ Q.O • »H—
^ a. i—<<<z -« ozzziiiiu. •** o qc^uj co> 3Qm-»q.~o

zi'00o< ac j<«ao *» -• -j -jaa-o «~-»

UJ UJ<0 -J UJ U»_J-J_J O •»* O UJ U.U.U. -• UJCOQ—HUJ
co coujHoooa h oao • •< *# -J z ujaoa -«• f>i a •oaia.i—
23 231-UJ^^^a 2 300QQ0J » ^t -• M X-»—^* •*-• -COQUJ
I— hWJZZZO UJ OOOOZZU. *» O *-•-•••• ^.>>h-« t-Q«-i »mZ
X XXXXXXX X xxxxxxx *» »-• 3 ooooa 3— »Z— coq*-.— • •
in OONvtmoo -O cOoj^O^coooo ** — O ZZZ _J«-oXUJf>l _JtOQvOaC ,-«

c\j rH(\jc\if-^(\|v<-<M c\j (NjfM^HCsjrOfOCM *•* aC 2 u_<w — < »0*-*-iUJ
• •*••••» » •«.•»•• «. * 4 z co a ii ii ii ^ooo - o «ooz
X XXXXXXX X XXXXXXX ** O 3 •-• OJS-Z N30t2Z •
in irMninminmin m inc\jmmmmm » o oo </>x>r>j < rsiof Slu«^« 3uj
H ^^-|^-t^^H^^ ^ rH(\|-4^H^^<r-« *•» CC Z —Z OdCh-^ •UJ
« »•••»»• m •»»•»•• ^^ a UJ — UJ CO »<HJZ

* 2C >-^CO Oi-tQCO-tO •
X XXXXXXX X XXXXXXX *» UJ i

-• —w> — I _J3<2UJX
-« ^^r-l^^^|-4 ^ ^^^^^^«_^ «« 21 Q XO •• l>J I

rOUI »»-(CQO

»* l- i ac<~">«iuj i »< (-•-•

H«-»*-^»—H-»-f-»— K I— I—>——»— I— h- ** 23| <OI——•2 I ZtOoCZ *Q-

<u.<<«<<< < <««« » a i q.ujzooc -iiozqohsZIZZZZZSS Z ZSIZSSSIS *# CC I
f-i/><COZ

I I ShZSI- •
QCoCQCoCQCaCaCcCac OC cCCCaCOCQCQCOCQ * * CD | UISQCQS<2
oioooaaoo a aoaoaoaz ** 3i cc i o<r »a<^<
U. I U.U.U.U.U.U.U.'^U.'^U.U.U.U.U.U.U.UJ * •* V)|H O I O0CHOH»t

-< fH ^-» » * I I —tM ^<\J
# |U »>i I

» I QC rsj I

O OOOOOOO O OOOOOOO •# IO 'vl I

cm rn^m>o'>-ooc3> o ^(\jm>4-m^or«» * * i I

142





OOOOOOOOOOO 3QOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOO.OQOO
aoaOCOOOCO JJcOCOCOOM^«»^y,(?U>a><7i^OOOOOOOOOOHHHH-*.-«—•r-»—|,-«c\J , NJ<".|v\j(\|<\|rvjrM(\|

OOOOOOOOQOOOOOOOOOOOT30000000010QOOOOOOQOOOOOOOO
aQQaaoQa^QaaoQQaiaaQaoaaoaQaaooQQQQaaoooQiQaaaaaouoooooouoouoooououuuouoooouoooouoououuuoouuoouij
o U.O-»LO
•H u—«m—4
,* X'—rH •
I- •4— *0
2) -3oo
Q iflQOH
S HOiH-
o • «.^CO
«» O—-J3
—

.

o>*vu •>

o »H.-*;>-»

o •mm * »U>
<-4 30— .-I

-w -JOi-O*-
3 a£ U.-H -4Q.

J LL 'J>— -3 •
- •b •OO » ^o

-J Csl —QJO— ^
o -J m ».-4if> **

< LU r-«-»*—*H <
» > ^-mz— u_* •k a.»-ooo <o O -j •• •<* CO

o z UJO-*^3 »
—

<

H- oolt\3 •
-^ •«H» »i << » u>
ac *^QTOO ^«^ •»•» f

i

Q. oxocirxom >*

2
a

23
o
LU
X
[\n

I—

O

h-ooq:
ZqCQ.

I

o
IU
oO

o
o
a.

xa
»

Li.

a.
00
ec

o
LU
OO

o
o

o^H-iaoH o o
r-IOOU. »0<-« »
>* »*-«o •-»«»o

»2oO«—-400—
0000 »Q. »»—Q
LU ••-•Q0002
CNJ(\iQ.SO «"0
03-Q *3^—.3
I— I— :00— lt\ »
00^^ «+-rH-»

«• » »Lf\00Oi-l

"4COCQ • »HO
os •omZ'S
OoOO-^-^X—
-H »Zw *COX
-Q2QO "X

<LU Jw^>
V. Hi +*0— <
cg^oo'vsom cnj

ot-zua.HH h-
QCZJOlu *— • 3
onooo—•<-»o-»o
>* "s.^^.mx cj in >»

-400

cQ

o
o

OO

o
o

O

o
ia

Q.2 2222 • ——2 oo

•o ooooo-ujao 2
-•si zzsiTotnQcoos: lu
003: zzsiHH2is a:

30-oaao- -> «o h-i

>UOUUUOUiQ •—o Q

oO
z>
»-*

Q
<

» at
ac
a: —
o o
o o

or

I

l

i

i

I

l

I

I

U
1

i o
I ac
I o

oOLL
LU »

a£ui:
Q.H-
< —2

oOO*— C**-*

OQ<HQ
2 Z_i«-iUJ
a 0"-«ozoo
-• "V OZ3Z5
h- zoo-
< H- oO
rs4 UL LLH-t—
-. QZ0<Z
_j or: LU"-!
< hHZK
»-• Xt-O aC

>-• hII-h2
2 LU <U.O

t-HiO
< C£ ZLULU
K- <OUiQ.aC
< _»<ooo<
Q Z3-J2

LJU-OI-I-
LU OZOO

O *--J3C
s:oo_io

II oooz
H- <

OOO II II

Zac »-
3«-ik-«(BoO

<nuoa

<
LU

a:

a
u.

a
LU
LU
00

00
<
Q I

LUO

mO
-J<2

20J

oo<
-^-1

25
II O
-J

-»o

o

o

<<*
-• O-J
O -Id.
LU U.O
UO OLU
f*C£ CJLUOO
«—<-• LU00X.
H-O o0>»>-»
<2 hHO
OS »002

|| 0O

in

>o

• • •

II II II

333

f-»<Mro
• • •
arafar
LULULU |

• • • • I

II II || rHOOOOOOOO I

O Ul~>U><->(JUi->i-3U<-><~}<~>^<J<->l-i

o
LU

| CT>

| -jr*-rHLT\

I <r-t>rrO
JO MO «03 >-t»-tH-5i>00 II I

C\J I »-«(M • «^_J II O •wc0-^-5-^-»O I

I | w<oro ii it a.»-« .^^4ooqc—^H> I

OJ II II MmoOi-• —»<•-• «— I

0£ I U_<J»-iC0q.LUZ II O00C9U.U.U.U.3O I

I
I

»>l I I

fsl I I

r>sl I I

I o *

143





oooooo

in^inmuvn
oooooo
aQQQOQ

oooooooooooo
mo r>» 33 o>o r^ i \jm vj- \ss -o
ro tt| it>m it) >$• >r -r -r <r <f >rmm lo^ inm10 x»m to 'f\ ir\

oooooooooooo22222Z222Z2ZQooooaooaoaaoooooooooooo
LUO

oooooooooooooooooooooooo
f^ooi^o^^Nm^in^or^oo j'o^tf^Jro^m o^co^o
^rvr^mmminu^in'nmminsO-o^-ooNO oo-oor**
inmmintn'-ninminiointninininu^inm'nin^uAmtn
ooooooooooooooooooooooooZ22ZZZZZZZ22ZZZZZZZ2Z2ZZoaoooaaaaaaaaoaaaaaoooaa

II

o
o
<x
o

a

a
a.

o2
<X
LU
H-
2
LU

cC

UJ

a
LUo
ai

13
CO

LU
OO

o
<X
o

IO
cC
O
fM

INI

N4

I • • I

I ^OO |

I LU II II II |

I o«-«—— I

I 2 ~>*- I

I -O I

I H-fOK-l— I

| 2 oooo I

I OOI-H- I

I oQja
I

ujo
OCQQ

u
Oh-H
l-2<

<t-l

-U<^QC

za>
ujo-j
o i-
LUO

LUO-U
CO QC

H-OO

u. -o<o
2

oo
—«2</>

<o
<X<2o
UJQ«
Xuif-
f-cX<*
0<X

(/)(/)<3
<<Q-

LULUQ2W

Lt.O«-H
LU O
OLU<t

CQcC
0023

a
lOai
Ol-
I—

aZio •

-.ox
LUO—tO
CO<OH-
OQ-<-*
I—ooa£Q-

u.
a

a
a:

X
o
<
LU

"2

a

LU
X

>- o
cOoO

oo ac
0<X'-U
LUQ.O-
o
-tLOQC
>UJO
~«-QI—ooo
00 OO
IJJLU o
aOXXUI
o*-oae
H- <UJ
XUJQ

;/)LUO —
lux^U-oo
03I-XO2
o 3 a
^u_ Xo
Q3I-

LU Q£'JC3
X00X22
h-QI— LU»-«

2 -JUJ
U.LU< 33

LUO
LUcXiXJS

00X<<O
OH- cC

a

LU
>
o

b-<

a.

.j

Q

3
H-
O
tU
00

o
<X

00 LU
23 oO

OO oooo
^rvj.i-t-no

in^n^n n^Ain
oooooo222222aaoaao
OJOOOOO

Q.
LU

X
LU
o
a
oo
o

a
LU
2O

I

3 >-»UJ

oi-xq -•

ecu. 2QC oo
^ao oo h-

QC LUOH- < LU
LU200 O
0.a2LULUI- 00H- I

QCLUXO0U.2V-2H- UJLU
Q. Qh »-iU_>-»U.cO 00
00"VZ X 23 23H-

I I

LUQ
Xlu

JJXO
\— IU
oo
a
Sex:
ooo

UQ
H-LU
O

LU< Z
O -»

23UJ
Oai »a< 2
ex a
H»o0 >-*

2LU(Xh-
i-«CQLU<

23ooq;
X o luo ooo o 020:2 lilt H-:2~«LU<Xh-2<
< UJcXcXJS 0< QO»-«<23 QQ a UJQ.
LU 00X<<O ^Q. 223 UJC£3Ji3j!i:< t-ZQLU
H- Oh- (X Q«/)33»-i LUoO OQOO< QC—»OUj2oO
00 2 I 1 -<* OO LUO<X22<Xa:<Xa:H-2 <XO

LUu.Lu<uju.arcXa:cr:LUi) o*-«uj oaiaj2LL30j
a a;jJ^-.X K 023XK >cCcCQCcCt~>>CXD <
»- Ul XI—H- LU2ct:a:2K-H-Ooo^iLUUJLULU HHiaiZiOZH

X<o02 OOLULU< QUJ20HZZHU.OV) 03!hQ
2CXI-LU LUU.XQ ZHIZmwio 02200 ZU.mO <
luo a;uja:oi-2 I 200hh2 cx<o*-»—«o < t-tOh-(Xooa:
Q.t-U.<COLU 03 ~>& LU K O 3
OOO Oluoo2cQq; OLU(XOLU2 •» » » »2luluooluzO-2

LU OH-X23LU H-a:a:<0< OOQQQOLUao23cXUja:o
<oo<^< OMjLuzaoMZJa 00000 q>-«cxuj q:

LU UJ^-UJOQ CQOU.U.OOLU «0 (X002OO2U.
Q?<*(Xr)X(2!<«LU"^ <TOcQOOLULULULUUJO~5<tli»-OLU
< <tt—H-H0tCQHUJQ.aci:oZ?Z 03cQ33cDQ.t-«cOQ£ UJ CO

o 23 sioooo <o ujoooo a <coao
II II II H- It 2300 II II 2 II COKH-h-H- II <t II II 2H-

11 h- no ex 11

3T '/)0 II II II Q.LU II O0U- l| II H II CC 0000 II l|

O LUi-4 CC < H OOOO 2 —I II ZDi
u. o»— o. •— <x Houo^oa 11 ^u,i-iluo i--»hhq(: oo<*

H- Q< O 00OQ.Q.Q,O_J3UJa: QmmOOQQQO 2Q.
O XtX a; -J20000cOLULUOoOOOOOQO(X<«0 Ooo
< « < <*cooooQaLU.-»2aOQOaa-ac:iXcXa: acac

U^i^i^i

I

I

I

I o
0<N

I *
I

I o
I cC
1 o

o*#flUOUUOUOUOOUOOOOUOOOOUOOOUOUOUOOUOOUUUOU

144





oooooooooooooooooooooooooooooooooooo
("• ao o>o •-«oj rn >$•m -o r^ oo o>o ^* <\j ro vj*m >o r«« co o>o — c\jm * in ^o r- ^ooo— <\j
r*r^r^ajco'^cooouJcoaocx3ao*J>(>o>^<>tAij>t^y*u^oooooaoooO'-*'-i'H
inmmto in in inmmmmm inm u> inmin -nmm inm-o -o -o -o ^oo -o -o -o -o vO ->o >oooooooooooqoooooooooqooooooooooooooo
oQQOQQOoaaoQOQQooaaQQaaaQOQQooaaaaoauuououuouuuoauouuuuoouuoouuuooouuoou

oooooooo
ro -4*m o r»- 33 ij>o
r-4 f-4 r^—1—4 .-« •-* l\J

oooooooo22222222oaoaaaaaoooooooo

oooo
\JIN4C\JIN4

oooo2222aaoaoooo

aC
a
i—
o
LU
oO

o
<
JJ

XQC
SOI
Ooo02
QCXI
IQ
H-2
a

oo
2 O
-HLUQJI
00X<

*

lu

aC LU
CO

oLU -J
I— O h-
,xi a
2:0:0
<o 3
•-•- CXOOO _J OCX

LUcXUJ I—
a£ 00luo a:ox

00 oouj cooqujohujhwzx2sh^<
luxxjx20uj o lu

XI

o
2
O
J3

LU
03
O

a:

Q
V)
ZQ
LUQ
Q
2UJ

LUxa
t-H-

>00
COCO

LU
LUQ2

o»-»ojan
aox
o

QCOJ

38 < a. ixioLUOi~»<aa£Lu<
• OOaZOt-U.ZU.Z LU2LUO0 oC
2 CtfLU -• tl. *-* <-iLU QCO LLO
a Q-J </> 2 2 J3U.O20COU.
*-»3lu <coai ^2hZdQ lulu
hOQ Oa£'-U I ^ -•I— ZQa3<
<a:-» nQa: 2 3 hhn-,2 a>xi
QC coOl—h-O QS02U. OcOaCaS
<a»-2a:OLu aca ac 00:20001x1 <
a.oz5<LU'UQi ex as olu co<
UJmOOXO Qi Q£ 2QC:a3LUO H-
loco lu 2Qt:ujcXLuac;a OX»— 2*-«<
2 COLULU—t 2LUI—LU—«2»— »— >-«2LUUJLU _J0^2 XQ IZZOhhH U. DQCS^IX

< aa:»- iohzo3< ilzoosozjj
~<z o aci—< -« a«-»coo»-« lu oluo
qo lusluqixjos: a; qclu qco3>h-!00<lu
< X QcQ»-» OQiOct:<CO .cOOlO!—LU>2O:0
ocxoLua:3:3Qcu.au_a>z)OLua3h--«LU oho
OH.OLUO Q LU LU »-2=0X '/>XaCOOH-

2K>-"-l 2^LLO O at OOLU2COO <
Q>-«a.<UJ O *-«0 >-"0<LU_i>—2QLU OOQ LL
QCQ. >^JLUH-Q •-« »-»UJO< OLU2UJLUO

LU OlUMW UJ 2 ^LL-Ja: cQixicXS:

LULUCDQ.^*— LU cOLUCOLU>-« •C50<*LULUOOO "iO
CQcn03!< 00LUO CO 23 CO —IOh- HcQ C0>—Z(-jm
ODHOI 03»-Oh-0 Z 'OSZO Ql0O»-
r-r- l-VIIO H- hi HaH-0"»-HO x

h- II II H 2 2 II QC
II II II II OOO II II UU I— II II <* II II

2_-<iia. u. oacoil II lu o II

u.'-»0<<iu. j: H^oaiocu- to acoifH^csj
aQQL)OOoQQQQQJZOOao£«jJjH
nQQUiUJUJlLlM«N.Mh4Uj£DZZZZQ.00OQO3
0ClLO0OCOt^o0LOL0W?cOc0cOQH-l—*-H-l—HH>»X

00
iXI

X
o
2

00
00
LU
2
*:
o

LU

o

00

ac
O
LU

<
O
Q
O
<

LU

o
o
10

ao
sac
sx
oa00

1

1

1

1

1

<r 1

1 1o 1

oc 1

a 1

1

rsl
J

M I

r>i I

I

a00QQ
t-ioOO
00 II >-«

II H3
<-«QO
OOLU
»-»00o0
00 *^ •
—.-IO
•-4 •-O
•Oro
3UJS
ai •m
• xoo
5:0^
<h- •
HH<3
oa. 11

o
LULU cX

O
m

a.
o

LU

x

>2
cC<t

O
LU
00

<
O
_i

ou.
• II

00
flu
OOLU
OO
2LU
I- OO

LU00
2:2
OO
LUO

e> o

(NJ Ooo
t •-•

a» 2
LU Ooo
• t-»3E

^ H-O
a. <cc
a i-o
•-• 02
<— a.

2:

lu a
>— o

o 000

145





oooooooooooooqqooqoooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooooooooo
oaaooaaooooaoaaaQaaoaaooooaQoooaoooooooaQaQaooaQuuuooouuouuoouguouuooououuuuouuuouuoouuuuooooouu

II

Q.
a

XX •-•

**

-»vO>0'-i'-i -» at >
~40jr\|-*-* — — -» I I— CL H-
I :$:$cm<m • • • »-• * -J lu

i/JXX>—— ~* «-« —I -»-* -* -* O S
3 + + + I I I »-»»•< "»»- CNJ o a
QU.ULU.U. CO U)l < I/) II fH< |— * Of LU
qcomqm s je(m a: 3 hn 1 a 00 # a. o
-QQQQ 0>* 00 O ^— "-"-JQiJ U. 1

>*"-«hh»-ii-» a£ a:— a£ a: h-H— ^-u.Z< O • lu
<^o0o0o0u0 -— —-• M *— <<U_ h--*^* a 00 J
uu 11 11 11 11 >s. so. a. * aaa <u.*— a -10 a

— «-iU.U.U_U. -» —CO </> UL -J-JO0 OQ-H — u.^ Z
uo qOhqh u. ^-»o ct o. llluoCO.—I«/)Q«— * O'— 3
JE hQQQQ *•• • Q.+ OQCO-* ** >/)LL._JO:S »-1 LU>* CO

o vioooo Qf^ </>o * a: 2U.Q.a. <j#ou 1 j a. Oco •

<* • • I O^LLLLOO. • 4-Oa.oOCO^U. QQ.lt -1*0 LU
OfNJtMLL— —-»-. • • I * Qm 1 to O oOQjtOOOQQ I cO—laiO'/) ILcoO OZHHQooooNNHitQQOu • • i20Q£j^<au.uo2<uja:uiuH 00
WVS.Q • • • •^-*oaoaa.wr\jLuc\|»-«z 1 a»>*ac-JO^<Hcic-jzuj_i# zaa
-0»-"»-»»— I—UJUJ* # QO»4 00-* ^Zi-»Q »QQ •*UJQ || || -V II QH-oOOO O^Q
•<00<>OOr_5_J-JU.U.O-IC>-«OvO-* iV<H< I ^QjaM-»-*W'*I ll # XZO »-toOt/>

oqhm'- • • • •<_)»-•'—uju)cj^.«ou.<ia.cr 11 aci_> 11 a. I «/>i-«»-»a ,-"<*-»oo«ai—o lu k- h 11

11 -joo«/j 11 (mcsjcmcviquj 11 acja 11 Qoa.a.00 11 naa-uu. 11 ——z>- 11 »-<a 11 11 *-* J «*»-«•-« •
oou. 11 11 H332200U. 11 0000a. •ooooaia zoo»-iaco-»3 2i— oo</>— 2</>t— 2: >—QQ o
LU tl LLU-QXXXX II II QQ II II CO II CCCC II <O00O—<QhJJ II ^UJoCt-UJOO »-« 3»-«Q ||

jioom(^*«»^-i-(mooohuu. \\^»u-cc<t 11 11 a^ 11 o>-u-u. </>•-• _ia, 11 -jh-h- I— a.0000 -«
Q3QQj OMjjaajaa a.o aa<ocn ajHoaozaaa z s ac

IO>«<MlUU.LLlLU.QQlUUJi»</)UJ(/)</5U.(/)ZO<</)a.ZQHHOOZ<TiBZTZO O O QC
<iiol^QHMMi-(QOQQOOQQCa:HOi2Qa£OhHOV)«HOi<hl-<HO O <-> UJ

o o

146





oooooooooooooooo
rn >i*m sO r- oo tf»o—4<nm >^ in -o r*« oo
r>»r* r>» r» o. r«- r» go >jo co as ao oo go as as
>OsOvO->O^OvO vO-0^0^0^'^)>0~O vO~0OOOOQOOOOQOOOOOO
oaaaoooaooaoaoaa

00003000
0>O.H<Mcn^tfVo

OOOQQOOO
aaaaoaoa

000000000000000000000000
r» go cr»o —«<m i-o -* in -o r»co a*o —• cm >n^m -o r>» -a a>o0>V^OOOOOOOOOO^Hn(H-tr(r-t^HHn)

0000000000oooooooooooooo222222222222222222222222000000003000000000000000ooououooauouuoooooooouou

QC QC
JJ
co H-
s: O

11

z to

u 01
at T. Xoi
a h- I--4
tO TO

2 UJ 2<
01 1- ^.-1

£

CONO

RY

ALCULA

tO<
OJ>
aO<O
1-cO

—.—

.

x*-o Ol
^-^ f-OJ O.C0
22 s » 00
XX 203 1-

** -•LUO aC

U.U. 00; LUO. r>-

a-» CO GQO
• iQQ OI2I- s O
O^O •—••"

•

CO•-•to OQC h-
v.'vtoco • 20J
f\|C\l*# 1—is CO O
33<\ir\j <C£C£ ojs: O
xx——

>

U.OUJO —» O 13
+ + + a»-i2to ^ a. h-2 •^

U.U.U.U. • < l-ZZ "»» 00 •^

o>—«o*-* (NJ a qc:2 ,-«uj (X (— LU O
QQQQ >* co ujoi -J ^ <x -J ^
1 V 4' ll 1 «t -L 000012 •at XH- U. O
COCOCOCO HH II xnia -» h- -J a
II II II II a. a »-o a, •-« O 01 O. to

U.U.U.U. to to 2UJ a. •^ UJOJ CO Oc* ai
0»-«0'-« a; a:xoi 1 CO c£Q >» OJ2 *
0000 lu-^h-x •CO OOJ O O COH- O
0000 O ^ x -••- oz -» tOOJ 2 -1 »X*N. a

• • U.U. a. • H.101 Oh 20 hm 000— to
cgf\j-»—»-^-» • • 0^ 00 a: 2 ^O <c£ ^2 — C<lOOlLwHhOOOOMM U-QQ 1t • • UJOOm w< U»a:2 •2tOJ2>-«—

-

>*

'S.'N. • • • «f-tf-4 QOO —cvjLUrvj ZK2 a: o*»- a 1—H-tOh-Oa: >*

ON4l-|—OJ ULI* » 0** *-*2-* »-»o*-,t/) ^11 oac + h-f- JUI l-Q. •

OQ(5(JJJU.li • _IO»-» •-0* •>», XH1Z3 — •-Q. to a •«OtOO II 2 —4

•—•—' • • • •O l~«'OUJGQO^U.<la cccozu ^^H"-» WUO *z t0002-»000 11

• • o</>cocsj<\i(\j(\ioc-i 11 uoa 11 aoa.a.</> UJ i-HQC II O— IIOC2 u ozzi-Mi-<a •
OO • II II 113232000.11^^0. •cOcOaC h-^jO o02tO —<|_ 01to ZHH II <- II •—

•

11 11 ollllllxxxx 11 11 00 11 11 co 11 a:a: 11 LU-JOJO,
Q<CQU

31-3 -"- II x<t H- II II lajja •">»

(JV) II iLOh^www—«;3QQHUU. II -It OII«-» -HO UI wtOOO,Q II— aC
OOC^mQQ 0>-« .•jaajao. a. HOiOQ QctfO OQhZh «i

2Z20>-i>-»00.00 00010lcOcOOJCOcOOCO II 02< hZZ OZZOcOOO Q.
Kt-hH^WHMMMOOQQUUQaalHQt hZH* COI-I- h-«^»— »—1—0.0 H-

000000
o

OvO 0000 o
or*-

147





oooooooooooooooooooooooooooooooooooooooooooo^ooo
'Hojro-4" ,r\^or*-ooo>OrHcgrn tu\^Q<** r0O'^},~*cvc<)-#<s\ of^»QO(^Ot-«Osjff> $-ir>vOi>> o^Or-^.vjfO-t'-i^-Or*-^
iNJiNjCNj^vNjcsicvjcNjtvj^tv^irjoiiTjtrHMfrjro-T^^^^^T^^^^LOu^ OOO
oooooooooooooooooooooooooooooooooooooooooooooooo222ZZZZZZ22Z2ZZZ2Z2ZZZZZZ2Z23:Z22Z2ZZ22222ZZZ222ZaooaoaoaaQQQaooaaQQaaooQoaaQaaoaoaaaaoQa^QQOOQaQOUOUUUUOOUOUUOUUUUOUOOOOUIJUUOUUOUUOOUUOUUUOUOJUO

'/l

>
<t
u*
X
<t

C^uO
o*o >HQ at

ot: i-
Q.iJ LU
LUST s
LUO aOZ LU
X O
LULL
a 1-

h- z
OoO LU
Z2 z
000 i—

i

LU*-* h-
Ooo QC

°l3
LU
a.

OOS
3E»-» <J) ^
OQ H» -—

cC -• H-f

LU «*

U.X o cC
al- z

1—

1

a.
z

exia: Li. CO

LUO 1- —
03 LL » * 1—

1

s: LU LU W —
Ol- O H- o OC •

lu Z»-» •0 LU o Q. • —»
ac Q. ST _i a z <t- 1

21- oO LUlX a a. i* COh- -X LO
H-00 QC X-l H- X x t-OO a 36
* -J 1— •« o • —»_l z a
—< _ LU ao o a? LU—

<

i- atf

UL* •-* h-X o_i z a Q.LU* * —
o— tm <»- UL •-* a OOO"* — *
o~« oO X —

o

5
aa*-"- C\J—LUOw 3 h-oO OLU oo #0>-.~i *COO.

1 3 •-* »* OOO HH * -1 1 3— * iOO
aj Q ~4 LU -»*o F-4 — a—uci LUOaC
CLLU •4 LUO •00_J 1 2 h-iu.oOQ.LUQ. Ooi +
00_| a: oO OOO 1—OIL--OO o -OOtOJZ QO'/)uoa n -S CM JZUOS as: OOO—-UQ0O azz
~<z— o o *h-Lu-4-a 30S-<I- «*«*"<

II IIH—H (X H-LU oo>-oovocx: H- -«* • ii ll *h-q
-» — 1 1 a oo :* I * •o 00 O.J.H—.—<0 ~»«t<
•—«-»-»•-* z *0 oo^-ozo < <i!_) ii MMuaiauix
X**!"^ ii o< azo>— II cr —1 QCa-.^«Z3 H _i ||

jC2C>-»oo oo LUO Ol-Z 00 ^rOO»-« "3E 31—ZLOLUOJJ«H2 XLU Z II H-LUISO LU II II «-»_l-J II «-»LU l| <
luluo.>-«+ a UCQ >-*h ii H-ai- t-H -Jj a: lu lloo^ -jooQC
_j>— za<-iQC CCC3—QC Qa<JhOZ02Q
oaco< ii a U-QCZQiOCDMOIHJZO S£)naQ2oio2<t<.\-cC++Z >!-<<»—O<cca0

oo
LU
3

I—
OO

< a:
> •

X'U
>'JJX
<»— I—
a:z
uCUJZC

!ULU"2
xx
h-f—'U

-J
Ooo CO
oOQ^-i

act-
oo<<
>3Q.<GZ
QCH-O
a: o
<

Q̂CoO
LUOLU

I- -Jo<
00Z2»

X >-
o3ca:
i-ai-
ohCTLU

ooluq
OLU

LUt-40
Zoo
—t|—U
l-2)XDOh
a •
jc lulus:
cqx^:<
oi-<a:
oo yo
X o

LUJEm
Z 3LU

OOQC^OH-

XJ-XU.^oo^O

OO —. OOOO
3 oo— 33— jsoooq
ocooojcctcr;

ZOOqCZZ
•qczo • ••

OOO »Z53
ozo: »-i_j
—. •q.qCluluQQZ<JI-
< 1-»c00-00
M?0O»—I—<<i

xxxxxxouoooo
!— t— •— I— 1-(—

OOLOOOOOOOOO

cu
*

a
a
»
•-<

Q
00

I

00

a
cC

X
Q.
II

I- O
00 Z
-I <t

< O
II LU— oo

oo

a
a:
a

LU

•

Of
LU
•
o
LU
00

uoouuu O O LL
o < •-*

OOOO
o

00003
o

^U^Ji^iJ^U

O
o

148





oooooooooo
OO r-4CMrO" if\ -O I"*00
sy r>» r»p* (>•r* f*. r* r^r*

oooooooooo
QOQOQoooaa

00000000000000000000000000000000000000
vj^OrHiMco<^trvvor»oo<T>o Hojro^m or»aooo—»c\jm-}-in-ors-33<;r'0'-»iN<r> -^0-0
I^J0C00300^ajC0tJ0a3 33(J>CJvy>(J>C7»<J>v 1>U%iJ^a>OOOOOOOOOO'H>H'-1r-« -^^-4rH

r>«f^f^r*r*f^f^f^(^c^r^r*r*f>»r*«f,*p*f>»i>»r*r^cocoaocoa3ajGocoJO'33 a uooao .ocoao
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO00022222222222222222222222222222222222 222aaoQOoaooaooaQoaaQQQOiGaQQaioQGaaoaoQa00000000000000000000000000000000000000

o—
r-4 •

HO
I o
— I*<
QO
•—ILU
:s co
Oilhh lu<

1 cooOO -VLU
l-O —CO

LL •QO fM—
OUJ >» •
COOQO

—1* co3mo
•O'-tO «lu
Of*— »U.»—CO
luzs-h 1 on
•o H ** •—

t_)cu»~«x<*t-«
LUCO Q.Ow
co 11 o«—uuo
»-»0^4 II c02

^ KJ u
U.OOLUU.LU
hiU. OcOoxCO

1

o

O

o
LU
CO
*
Q CM
-• *
!5 *O -*
LU <
CO OS

* ahQZ
Q.<CO
a:»

h-Q>».
C02S
—Jcox 1

< 113
II hQX II 1

3TQ-J.
323'
QCD>.

Q
2a.
<*IU

I-
CO

LU
T<
3
-Jf-
oa>2
U.O
02
<

LU
COco
<C0
UJil
OCO
OO
2aC
HQ.

LU-J
x<*

Q2<
aia;IO
»—

<x
IU
-IUJ
CO CO
<
oCco<3
>s:

2co
03LU
*-+*-*CO
COO<
LU<LU
OaCQC

o
<tujlu
-JO

COQ
HZQJ
30

O uj
H-LUCO
OQ<
2«-iUJ
h-cOQC
H-O02

o -»
(M —

O >-*

O.0C
a 1 a
o »o

• *<
Of cCaC
LULLOCO
•Q.QZ

»—cocjco
Q.CCX. ||

a 11 11 a
<~«£cC<
^acococoao
u.002_ cc QC CO

CM

*O
<l
a:

o
2
en
•»

>-H
Z-lSO
3:>
an
110
r-»H

CM

*
CO

a
<
aC
I

CM
-*

*
O<
<X
Q
2
CO

>
s:
3
o
11

CM

00 a>> >

Q
LU
o
:>

Q
CO
U
-J
a
x
tu
cQ
3

U.
o
<
LU
cC
<
LU

X

CO

Xo
X

a<
•-•LU
i- a:«
aC

<LU
LULU
f*X
<CO

LULU
XcO
1-3

LU
l-'-U

3X
Q.I—

OCD

O

2O
LU
CO
*
O
-J
u.

O
LU
CO

CM<
* LU

o<
<CO
ca-
0>v
2c0
-OLU
w_»
*o
~«x

II II

<o
LUi-t
ca-
<x<
COOC

a
>—

«

<

2
2 •-«

a O
-« CD
e- 3

CO
LU LU
CO a
H« a
3 a
Q. U.

o o

o

a
o

a.
o
oo
LU
o

a.
CO
o—

1

LU
o

CO
o

o
LU
CO

CO

—

•

o. a.

Q CO CO
O O QC
• » •

uu a u.
a a. o.
Q CO CO

a o qc

o
1-1

HO 00000
o
CMOHOOOO

aio<
2uv
IOOOOOO
|>0ONOQ0O
»vOfv"^or^ ,Of*«

<
o
QC
o

000000000

4* 1 hoc
< I >frOLU LULULULU LULU
I I <~OIO H«

QC I aCU-oC
O I 3»-»3

I

•^ I

INI I

M I

I

OCjCOCQCQiQC

149





OO OOOOOOOOOOOOOO
r^ jo cr>o -himm* t\or- co a> oh <n^_« r-4 c\jcm cm 04rg cm cm *M cm <N i*1 i <io >

ao oo oj ao co co co co ao ao JO co JO oo ~a co

OOOOOOOOOOOOOOOO2ZZ22Z222ZZ2ZZZ2aoaaooooaoooaaaoOOOOOOOOOOOOOOOO

0000000000OOOOOOOOOOOOOOOO000000
(T»Nt<i>of*" JOONO^HCMio^^or^ooa^Oi-tcMf^vftn-or^^ooo^'Nim^

co co ao ao 00 co JO aj co co ao ao*> ao 00 ao co co 00 co co 00 JO co co co co co 00 co co co

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOZZZZZZZZZZZ2ZZZZZZZZZZZZZZZZZZZZoaaaaaoaaaaaoaoaoaoooaooooaaaoaa

<
cc

LU
aC<
00

CC

a.

a.

CO

00
O
1—

•

Q
<
CC

oO

OU.
o<r
Oca

CC

-12
o<
ZU.

CO

<
CD oO

LU

LUO
H.<
<J>

00 3
LU -I

_! LU
o </>*-

< a<

000200
0»0»-4 »>*<M

» » • 11 » •

o
LULULUrOUJUJ

o
z
<o
LU

O^
LU
oO-»HO
TOHN

II •
-•^

o
^LU

u.
u.
< 3H
CO 03

-Ja
LU <Z
H- 0"-»
<O ZUI
o ox

oz
LUO
OO
a

0OLU
l-*oo

x<
*-co

LU
I

PI
—

• >—»-« i-^«—1 »-»z I

cCcCcCQcCcC33JCQ33

o

OctOS I

I LA
I

I O
I CC
I o

cC
LU
>
5:
a
cC

LU<
00 "*
-hO
3<
cC

o
I c*
o~»

cC
a

oo

ai
O0
H}
2

O
a
o
_)

1

cC
JJ

O
o
o

at
00

x
I

O
3

O
CC
<

OX
ait—
CCQ
3hO
oO IX CC

< <
LU CC
2KJLU
OO

oOO
zooo<ZO
h«,<LU

a.
a

ai
00
o

CCX
LUS
00
zoo
LUCC
ao
ZH-ao
O^UQZ

OOUJt-l

LU X
XUJOUJ
H-O0<0
oi-o

LU
LU
cCo
LU

Q

o
cc

X—
OLU
<5h-
LUO
z

Z cC
UJLU LU
LUIJJ CO
XOO ^~i
h-^» LU I

LU o
CQooooZH
UJLUO

o oiuj^jjuu.
<uuooujli.lj. <
CC OLU COJU. LU ZcQ
oo<u.<<^^ozzx^z

ZZ i-lLLCQCO Mh<<
~*^'Zcc<. oocc II II

C0'-»<COOZLUQ oOLULUZ
OO > Z OU-LULUCCOOO
ZUJQ <.0 O0U. <t<0 U.i-«

aXLUOUJOO luLUhcO CO H-00 U. H-
»—•*—OOO **+-***^. «-«t-«OCC-< <*
Hi O0 CC -J -J —ICQ + UJLUCOt-LULUZO
<LULUH"O.Q.O- CCCCOOCO ZOOO cC
oaciZ5:23:u.oaa z<luo<^o<
O a.OH»-««-iOLULULi.LUO i-»>-»UJQ6

JU.XU LO OZ00cCH-cC<cC
OLU HOZcC*-iCMZ <QCCQ. O

LU< LU I LU CCCCX. LUXCCH-
JlHj COII II II UJO LU>LUOO
U_ I 2U. II II II 2: CO^-IUO 1-iLU

LUULIOLU DHHHSOOQSmOI^
<ZIL.<U_LULUZLU LULU OLU—iZOXLU
COO C0<<< <<<Zo0o03cCQ.o0 II

II CO CO CO II CO CO CO CQLU

LU
o.

00
LU

O0 LU
ZCC
<o

O0»-«'U
zoo
<<t
+*CC~Z.

o •-*

<z
aC*-*X.

2IQ

II II II ******
Q H»

<WHIlJ. U.

Ii.33< <
<OOC0 CO
COLUU.i-> —

•

l-»l-«l-»
II II

OLU
LU<
OO CO
i-»-3

II

Xa

II II o

**uu
XOJ
0,0000

LU LO

ir*t^UU^{JKjiJ^<J><^^iJ<^^lJ^^<^^l->l->l-)<-><Jl-2<~><*><-)l-)

•

<M

•o
00 •
00LLO

SLUH
i-ioO>s

-* ao.

I
U.HJQ

t <3!OH
I
COOLU^

I
—ILU00O

I II 00 II LU
n h h Q it

I I
LU»-«»-^i-^

o I **o
CC I COLUOO
Q I **

I^ I

M I

IVI I

I

o
CO

o
•O I—
OCM U.

CO • <tHO CO
S'OHM
I-I.-I+ •
a. o-«»—Ol II

MliulH
X<i-»
a. co 11 o
l| **¥- 1"*

LL

<r
d3

1-4 <
XLUC0O

ooLua.OLHi_o

•-• II

II **

mO

COO
->a

o 00
fwQO

150





ooooooooooooooooo

co oO oo co co co ao ao33 co oj oo a> 33 oo ao uo

OOOOOOOOOOQQOOOOO2ZZZ2ZZZZ2Z2Z2Z2ZooooooooaaooaooQa

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO'O
i^rO>^ l-r\^Ot^cOOO'H(N|(0-^iA>Or*-TO(T>0'H«Nrr>v}, ir\.oi>>"00^0 -4<\|
co aaoooaoco 'JOvOo»ij>ch(j'^oM^y*a»o>oooooaoooQHHH
co co co co uo co co oo co ao co co oo to oo co oo oo (7> (J* <j> ct*^» <j» cr* a» o> tr> u*< a> tr>

oooooooooooooooooooooooooooooooZZZZZZZZZZZZZZZZZZZZZZZZZZZZ2ZZoaoooaaaoaoaaoaooooaaaaaooaoaoauuooooououuoouuououuuuouuuuoouu

a
o
LU

Xo<
UJ

aC
a
u.

o
r—
CM

O

CM

a.
it

<
CO

I-
<
a
-i
u.
*

o
UJ

-E -S3

_ U.U.

o
UJ

3
a.
t-O
O

UJ

o
CM

O

<
CD

—X XXnaoaa
>— it ^-* it ii

U»—CM-»-»<\J
<hh ,H(\J It

-5<t-<<U_
II U. U.U»<
*-<O<<c0
•—•GOO CO CO t—

i

o o
a> o
r* CM

U. <
< U.
CO <S
-^ «-»cO

t— • t— a. •
u.»-« isx
<* <* •

—CO—-•COO-*OmOOmcoO
fk. »ooo *»-40
r^^r^h-'H* co I

•>
it » » it — » i

sQ*~«vOvO»--"-^vOUJ I— -*— —~23

I

o o< Z I

uj(\jujujrou-uJ»-i IHNHHOJ<HH I

<-• •—••—« COt-HZ I

QiOQCC^O II c£0 ISQ2JOX2U

I

I

I

UJ

<
CO

UJ
>

o
<
UJ

<
o

o
CO

Q.

o
LU
CO

•

o
•

-J
o •
o <
CM O

UJ

oO a

-o

CMOOOOO

O
I a:

O OO I o
cm mvi-4*
CM CMCMOOOOOO

I IU I

o I

I

f>J I

rM I

rvl I

I

O. •

o# -»»-
uj— •a.
toco<to<

•^-.UJH-i-»
»HO</>0 •»

It 2 I • r-A
CO< •< It

»-*<JCM(J*-*
UJ>*UJ

Oo0t-»t/)O
m ii a.win
sJ-< || ~<M

OUJUJU-Q

<
O
UJ
00

• •

wo
< •
U.I-

•

H-O
<t •

U_l—<o
CO •

I h-
•<

<i.<ujcmu.
CUU.3'V<
II <Z»-hcQ— CO*--'Q_ -»
<^-H- || —
U. ZLL
<U.O<U-
cO*-«OcO»—

i

o
0>

CM

a
C3

<
a. uj
«i «/>

co — •

*H | < •
Oil ^U-K-
Qt-^ + ^^UJ
rn t—cuu.3
OU. It <fZ.

OcO<tK-cQ»-»
I—<MC0<-—»—

•-tU. Z
OO II <u_o
OQ~5CO»-«0

OO O
m^o r*-

<\jc\j cm

O
co
(M

151





oooooooooooooo-jooooooooooooooooooooooooooooooooo

<j* o* <j* cj* o> u> <r» l/» <j* en o» (7»o* i/* cj>o* <«n ct* cj> on ct> g% <j\ <j% o* tr» <j* cjs l/» cr* o> cj> ct» cj*(7\c7*cj*<7>uf»<j><j>cr»cjNcr»<jNcj*Lr*Lr»OOOQOOOOQOOQQOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOO2Z2ZZ2Z22^ZZZZZ22Z2Z2Z2Z22ZZZZ22Z2Z222222222ZZ2200000000000000000000000000 laaaaaQOQQOQOQacnaa 30auuuooououuouoouuouoouoouoouuouuuuuoouuoououoouoo
aC

a.

ii

UL
<t

CO

I- •
< O
a. •
< H
CO J
I • I

•O • H- |

ogo<NUI< I

N(nN3U. |

•-• m2<
I

a.aa-»-"C0 i

ii ^ H i-*» i

u-z I

Z
a

o
ai
00

25
a.
i-
O
o
a.

ai

cO

O
O

a.

<q<au.
coOcoo #-»

oo
f\im

•o
<

I o
I a:
l a
oouooo

09
<
I

O
ac
o

I

r%l |

M I

fNj |

I

O
UJ
OO
• u.

X <
• CO

co •
*-* X

LUOOO.OQ.O

I •coco *ao «co |

I -o » *0 »0 » |

I 00^*-*w^-«—O I

I II QC * * Zl
I vOOLULUOLUU.UJh-1 |

I <>-f-l-UJh-<l-l- J

| O "•—«o0i—»COt—iZ I

CLLacaCII aC II aCO IQmJJXJXSU I

I

00
cC
a
i-
o
<

o

o
a
a

UJ

3o
-J

<

o
JJ
oo

z
LU
OC
aC
2)
O
at

:>
a
'O
t
UJ

-5»

a

o
UJ
ooa

Ol

3C
OS
a:

LU
0C =
QC
23
O

<Q
aC'-U

«
OO
J2)
O

aC_«Z
uj--*0
O-O*-*
Q. h-
oo<*

oo
UJ
CO

2)

U.
o

a
QC

U.-4
u.

LULL
00l3<
LUOCO
COI-
2) I-
I-H-OO

LU~4
U.O

<o
•i—
o j
ZUJ<

OCH-Z
o o
u-qc^i

IUh*
QC>QC
UJOO
H- I
oooo «4"H»
<-lUJ>- | oo
(JC02)O^5
<OOuCO
aCI— COO

<, l-H-

z
o
•—»;

QC
a
x

o
act

Z-«2J
i-»ujo
COO I II

LUQ <
CQLUoOOaC QC3Sn LUQ"-»

•h-T, V-O0LU-*
03 O^ZZQC
Ol—OOZ<LUUJI—
^lu <occjaoo3

<J>UU OZ^-OO I

I-QC03O<O002:qC
LU< l-OOZQC
OH-O 3 OUJLU2

*

V)

U
03ai
Ouj
H-H-
z

I Oo
0:25
jCZ
a

iu
o
<**:
LUO

cC
aCU.
a
LULU
Q.-Q
o

OOQCoOLiJ
03 OujaCK-
U.UJ<2

OCO LL iJU

LU U.U.1— QC

oz
QO

-is:o
—

«

oo
qch-qc
oo

LLLUh-
OoOO

LU
>f-o0

<LUI-
Oa:Z

1-ZaCLU
LLOOQC

I

aC

a

o
QC

CO
23

z
LU
QC
QC
o

z Luoi-coo"2ja<^QC
OaCI DDhO< cOZO O

I-ZShiUJI-OOI- I— Jl 1 oo
'.uona z < z<c-i i-

H-QCoCOQ.Z»-»ZXQCQCaO<QCaC OO
ZoC cOO»-«LU^-«o<0's>l»-<OLUO -•
LUOH-"-* CD <a. i-»h-«^Q. o
qcoooqczoo QCLULUQCQCQCH- h
qC ^41—M33UJ OOLUOLUOC>00 —
OLI, Z OOH-U. Q.X>LUI-»-» I

UOQCOQCcCQCLUO-lQ. >h3 x»
oolu z os:x oo a>f

LL »U. H>LLZ<oOhh OOqCZ-JLU^-aa Luzo»-"»--»3Qu»acecoLu<DC
Z »oOJ Qw<OltU.ltQI-<J

OU. LUoooO • ooa «Q QQC zo<
zolulululuOqc^XcjoOlu** ooujlui—ajnoo
*+ -JoOXI-ZO 3 Z 03QC3C23-J—|00cOr>jo0^-i
2: «CJ) h-OC I—3 Q. LU3 OhOOUJDh h-
JQ2 II QCOJUOJO II cO»- II OCQZZI-^QCOaCoz< <xoLuocoa o «< oxlu
oo LLu-coQCoo ac-jooi— ii oo ii ac II n X >

ii ii a ii so ii ii ii

il o ii ii ii ii ii ii a ii lu^hu. ii <t-ac ii ii

^LLJ qC QC OQH OOoo< oo
ZZ<UJ^(MQC00H--^<NOQa<00-<UJLUUJa.OLJO
<<ta3QQQt-««-i»-i»-«»-«zaOQCQCQCLOOOI-f-XX>

I u
I QC

O I o

152





ooooooooqqooooooooooooqooooooooooooooooooooooooo
rHc\jrn-tun-or*oo^o^-4CNrovMnop,"oocT>o^-«r>4ro-j,m-or^GO <j\0.-*(\jro^"iA>or<. joo>o—•'Mm^n or-oo
vO>0-O^J^O^o^O-o<Oi>»r>»fN»r^i>«r*r^r«"r*r>»a3aocoooaoooaooo dUooc/*ax (J»c/»c^cr></».3>(j>(j'OOOooQOO fO
y» u> a» cr» cr* en cr» on o> o> o> o> o*on <j»o* o» o» on on a* <j*o on u» o» on en on on on <j> < j* on on uno <J*onooooooooo
OOOOOOOOQOOOOOOOOaOQOOOOOOOOOOOOOOQOOOOHHHH-t-iHHHZ22Z22222ZZZ2:222Z2^ZZ2Z22ZZZZ2ZZZ22222Z^2Z2ZZZ22aaaQQoooaooaaaoaaooaaaQaoaaaoaooaaQoaQaaaQaoQaDOijuuouoououououguooo'juoouuuouuoooouuuuoooooouuooo

CO

as
LU

CO
LU LU

CO • (N|

o • >
CO >

Q

QC

<
(M

LU II •aj » »
03 cc • h- t-« <-*

a p- H-.X inI t—

«

Q
h- <

«« 1^ * —

H

«» —> —

.

^ ^
H- aC OO O O O O O
LU vO a r»oo a> O #H CNJ <!• LO
O CO COCOO CO On 0> CT> 0*

OC *» — » *CsJ •» •> • » » »
< 0 <\j f-l •OsOrO ^0 -0 sO sO vO
h- «rt • 1

» ^^~^ -» •mm >« ^»» >* ^*

LU OC • a —
21 UJ O •-* (M UJUJI- rN.uj -n—ujouj «uj (UrH LU

O 1— • w V. 1—h- rnh- •oOCOH-mh-CNK- ^>1- t-
QC »-« at H- -I >-i»-ia -< <\J O^ 1-1* »-« >-1 *-t

— ac •-4 < O. OCQCc3 OaC co^»aXaCaaCU_ac oca ac

TCCO • a 1 33 I--K 2U.H 1 35H-2Q.2 31- 3 —
h- 20 -j «* OO- -H CO •

CO «—»l32 u. u. ——cm U— QC COU Qd «»O-» QC -• —

a

-« CVJ

I-* • 13C< * < • •! O • oaco* «o •«— • •0 • #
1-413 • u. —-> CO —t—<UJ •M r-4 Z 1 -4—

<

r-4>v>-4 f-4 r* u.
•ZO Q—oo *w • •--

*

U_ *» • --.—QC •'» •*• • •-» • 0.
H- a •UJ OaCUJUJ co ao • < •CJ QC r-»O-Oh C3^-tO OH 3 CO

aj UJ.-)CO _Ji-»COCO CO LULUI— CO OUJ __«X 1-UJ r>JUJOUJ LUrvl LU QC
LU 1 • ll*-» 'JJ^-»-rf-~» < • «o "mm"> • • II ^ «QC • • • 1 • • «co • "«*

> 1 r-ac • c3cozcol>— r*»r- • 020l-r» rHcolli Trr**— r»r>jr>» P»-»— M r-o>*
1 •<*h*o 1 _3«-»wXCO •<<i»— n<ixa< H3-iCO<C9<U^ LU <OCJ <%co^i

II 1 00 UJ U-»-tcOv_>-» cQCMOOcoorO*--- •<-> »-• »*o •o-^o 3 O «QC unu
1 11 aco «qc OQ# * O<^0C0CUJ'H1 *coOoC OQr-« •oCC\JQC + aC 2c\iaCc\jQ QC 1

P- I r^OtMcOi-i iQ<hhX II « O0HiuaUcfl>0O-t<cCH0Q020M'-<QOQ2tvJ0OZ ••-•

IS
I | <^sJ-«-» II OOOCQCQC IIH-Q'-'-*-'»-*H-X<'-"->rOQC>- I -««*<>'QI- |

*-««* II Q^»H-<0 ||

cj
l O woC II II II II II COCOQ II II II II II II II II 2 II QC II II II QC

QC I aCU_OU-*-ZO-HOOOlU II LUULU-^OI—ou.u.ho^ll^u.u.u.zu.honu.u.i-^u_o2r—<»—
O I O»-(Q*iHl<O0C>XXhXHHMNOMX'-"HQQaHQi-(HM<MQOQH>HMOt-(O<QH

IM I

iM I

ivl I OO O O
I f\jm «<• lt>

153





oooooooooooooooooooooooooooooooooo^ooooooooooooo
o^O'-*(Mrn^"iA or^-oooo-^iNrnsj'LO of^-coo,»0'-«<\jmvi'ir\ or»"00a»o-*<M<ri^"Lr\^or>"23 j>o.-»<\im>^mo
oaoooooooooaoooooooooooooooooooooooooooooooooooo

aQOQaaooaaaaaooaoQoaaoQooQQQaooQaaoaQaoaoaaooQOaUOOOOOUOUUiJUOUUOOUUUOOOUOULWOOOOO'JUOOOUOOUOOO'jyO

o
aj

/I
v.
X
03

'JJ

ooad
>*LU
s:v> a
33Z •-H

-J'-U CO-- a Oi<t
z z Y~c£•030 LU
acao s:-»
aoc <OL

x-» •—«'JJ

H-XOoO OI-3
z XOZDQ. lua

-H>- <t <o orsos:
QitNl •I z ZUJQi IU<

i- ~I<N
a -4 XUJZHO Zt-iaS

2QLU
•-* >-»Q •> — H» z-« z oc:»-» h-

» • » z OO o < a 2UJ iu oca
z ^ CtfrH < ** Hi -J —tujooi J--UUJO
< Q N»Q OO 3 H- 33-JLU LUCQ2:— a* -» tH O OO.U. JDZZ

O o o ft J 2 oil- u. <&— —ifi
o o O OO o rH CVJ l-» < QZHNoOMLO >—

•

r<> o f*. COO o o O II o —iQZjoiaa: QQiLUOO
a* o> a* OG> >H *-t •H -o H^LUO*? O QaDLU
• m M « » •i m m o • oi f-<H-0_JZ'-UI- lull aao
-o <o -o sOvO •o sO ^0 .n «w ;U U KZLU QiO 03 h-X>

•* -5 12 3JO l-^< OLUV^h-^ o-» •*> » a O3O<-0Z00UL H3I
LU •oj LU LULUO «LU • LU LU a •—

i

Q. JO O0<oo -II—LL

h- <MH- ^— • l-f-vfONJH- <\l»— h- h- -^ X<-J*-<-JUJZ *ac:<oo
HH * -* >-* C\J »-«•-• »-* *"H •—

*

*- O Ho<JZoaa#ai>z
C£ U.QC c£ >* QCQCOlLQi U.aC or o z z o o< oa"-"!jz luq
2 (X2 2 LU-*3-5^Q.3 Q.2 2 o < •—

«

ZU. O0H-O f-LU2>J»-«
oO a.oo 00 OO (/>*-. Q. luu-J- Z aCOoo-tQC^-H-

», (X— _ oo<->-»—>oqc:^ QC— — »:X • 2 _l XH-<_JUJi-h'k <* <
• —» • •(X OCX • »0— • "«» • • •<D*-» Z> Z Z-KQoifNiOoiQa:

r-4 r-tQ£ a. iu«-«z<nh-<tLL-» luolu
• * • %*-* -»t—1 • •*»»— • — • z • • (D— an Hjaauj *QJ0-020
a ^o O • H0C3OHHO HO oca LUZO ou_ auhxai^-asia-j
LU oai LU«-ti-i—• •* LUUJr>gOtU QUI || LU z »*n KUJCLO aOLLi—LUJ—^0
• I • • II *——i • • • 1 • 1 • — • •—ao | axon ii ii x> O0H- oO
r-ot-r-o fc»<vjc\jooccr»r«-i— <\ir«- oh-r»o oor»- r» il » 1 ||(_)LU •— »• 11

<tCO'">KcH ^-vH3^<<t(JQ^ >-»'>4< • •—KlLULU • **'XvOLU | IIH-I-Q. II II H

gm^O'T O I HhUU •—

o

^T^l^r-i •OJXJOO «-o i h-ii ii aoz no o
at + CL o£o acQ QC £ as: eg a£ aC+ LUaSQCZZIiaCO Zl O0 hQKJ <QQQQ
aozoooo!>i-«toooQZo^azozzMaHMNO^ujH i _j^^a3^ziuu.Lu»-«»-«_u
•— t—<>-*- >*-»CO »-»Qt 00^-— «~«<*^QI-<~»< II w^-H-»-<l^- •th-h- i << aioooou.x ooh- oooo

II il II II II II II ii ii u_»- zzu -«Z 1

U_02:u.a^LL3'-t»HrvJU.LLULZU.^OZU-LL22!U-aOLlCLLOQC:(
hO<h(JQmQiHfl£QMMM<>-tQO<*t-tZQt<'-»OOQl-»l -SO 1

1

<j>

1 o
1 o£

O o o o o o OO OO 1 a
<o r- oo o O -4 (\jm •4-LTHA

m ro ro ro 4- <t <f^ >t>toouuooooouuuuoooo

154





oooooooooooooqooooooooo^oooqooooqooooooooooooooo
mmm-o^o^-ci ^^j>o>o<)vO>gr^r^i^f^r*(^r^r*»(>ir^^coQoaooocDaoao^aouNU>o>cj><7>a>u^a^tr>a»ooooooooooaoooooooQooQoaoooooooaoaooaooooQooooooHHHHH

ooQoaaaaaaaaaaaoooaaoaoooaoaaQaaaaaaoaooaaaaoo'aa

ui

a
aj

O
LU
CO

o^ j: acco
3: ujO iija.cc
O HOC co X
QC 3 ZZ'N. H.

aa: oi-is u,
C_i-j LU O 33
LUQ LU2 2«-0_l 2
2-1 14 QUJ ~»

2oo »— «-4 o—<2:

Q 22 Oil- |-
22 <—•»—• X 3 >-)

2cOcO c»_l 20
COO <LUQJQ.U.XU-I—<-J
LUQ -JaaoOXQH- ZJUJ
CO-I C30X> h-4Q>
Z>00 0>-H«ZCt^2-J0
Hi O «-»UJCO<QOC—

U. U.U. 2QJO LU
Lua u.oaa:Qjaou.H
o a luq. o o<

LUCO 3fc3fc:Z LU'OU. 3
»-i<0 00COO.2^3-J H-O
HQtJWQQ —iCO-J>-«-»2
<ai o_i-jcja.oo-<tl— co»-«

o:>Qjooz3:uja;MO_i

a aj2>>Q.Q-a.>zcoa
—tLUX>LULU3E OUJt-iU
coX lUaCaSXJll H Q>

h- ii X Q. •! II

II II II ZO II II

II CO || || LJQ.-I -*
-• CO "! 040^201
QQ0223ia,Q.JJ03J
_J_J.JUJUUUJXXUJU.XSLU
cocoxctota:Q.Q.QOa:x>

o

a
o

o

LU

— cc

o
o
CO
o

oo
>o
m

CO CD

COCO

CO!* •
-ia -o
LUX —
>or
>->» uu
•O H-

QCCO •-•

O* cC
• «C03

•vj-a—
OHC£ •

H-Q.2 •

• -J—1LU
3EUJII •
aoeeo.

o
•4-

a

o
lu ao

—> »— -4*

ii »-»

a: qc o

—} LU

o

a

a

JJ
_»
•

I —i
*"» •
l-Q

-.<
•-» •

2J
CC 2
~) X
•> •
Q Q
-I —»
CO H»
* •«

Q 3
-. LU

O O
m -o

o o
Q •

co-
ll—«UJ

QQh
-l-)~»
COCOOC
II

'£.

a—
QCO—

•O

LUO
H>H-
i—

«

3Cj>

uuouuooouoououoo

cOcOQ I-Q.2 • Ooox 03 *a» • o o *—cc «j—«lu ar-»cu t—>
I zz\ 2LUU • ujs • on
| LULL^ OQCC^H «IUON LUV-
| «UJ_)_) •—»*<-•< I XI—<KO ••-»

I oazzou. • uccuj'-hjh ->

I || accox II C5c\|Oa:^H—c»2UJO
OIOII II II I-— II rgo II m3Q<ZvO
O I OOODH <t LU || 2
ex: I a:is2rwaiOLL(-u.oiiuju.o
O

I

0-XXOhIQmhm>hhhQ

M IM I

I

— LU

-) +

zz
cccc

II II

ctioc

cOO-«
QC •Q-03

-.-j_«2LU
• cd— • • •

lu o -•—»-ix.ararcr>
OLU CO »H »——^-»—CUUJ <l
• _>«4* II *-»»-«QCO • «0
ai2 2—"-«-iac:a:cx:

-•-•O<OLUC0< »-»•-•O—»—t-xcoaa ii ii—

—

2 2 ii ii ao
U_O C3 LU r-4i-l-* -J LL. U-LL
•—»0O •—I*X CO H- CO »-*—• •—

i

3 «-4

3h •
2 «a
xoai
>sLU •
Q tZ

#uz
oqc:lu

JU-LL

O O
vO r«-

o
00

o

155





oaoooooooooooooooooooooooooooooooooooooo^ooooooo

oooaaaooQoaQoaaoooooooooooaaooooooooocaaoaoaQoaoaoouuuuuuoooououuouuaujouououuouuoaooujouuouauuou

9
LU

X
CO
cO rH

O O •

3 -J > <!
LU X •ft >r

QC •> ^
«» Q > - *

i-» -J •t a
CO CO 1- h- CO
• m CO 2: »
^ U. LU • •

< LL h- +
«^

Cv|

*>
a« «« •^ 2 • Q • 'V 3
O O O • mO >—

«

3 O
o r^ CO O vj- ^»in 1— a X
o O O >* a£en >s. >o r- X aC

m tH ~i »H O 3 a.* 1- • m m cC *
•» m • O 20 23 QcOvt o-» * X

o -O O O 4- LUX coa >-»^JV» en— a m >
t-» «« CCCC l-X h-<-» mo -j H» * *

O II # *«; V. || CC -j a. * C\J

a lU LU LU H •^0 *m.'^ !—•-«•-* OUL a X *
o H» >- h- 32> <X^ COQ>- f-O ai > •»

»-* •-*— H-« OLULU* *~1 • -ijq: LU CO ^ * —
— q: OCcoOaC oacacnj —>r <COQ. aco * —in — <x

^- 2 —3cO>3 II * 1—4" CO 11 2 • o-* <t N*rg —acot-i
• Q Q>*. M»{3—* a-« 2 Q-»CQ(M < • * • • Csl—I3>*

^f <« -1— -J ^k<"» -H3COO a* O Qco>->*. —*o 3 ^ l •COOQ
o •«—00 «X.-• • oiuis^ 3:0- CC J2«- •30 O 30* 1 *aiH-»

a* ^f*-* <-«N»C3.-* • corn- 03 n I/)Omh ono X "50<# •~U.CTCO
-• • COLL. •£}:> • et:* »-j 2 a:a.a •XrO cC 2^* •*LUZ*
m 3-—U-C3< « a •'•Qm Olu a. > — Q-*_IQLUQc:>s * XL03 * + <»»-1

• LU# -LULLI'OUJ h-^ZCL _ia 3 •H-«HZQV)JJ-2 •-* v, *UJ 3*-«.-ia.
III •*^ «x> • O • • II ll#o._j II c£ • •«-» + cO ft>-0 CO Qh-CC LU • II1 II

cs a\je %c^w-.a* •30«(3UH-IlilO re —*orart—a^.3 -v, _j _j »-»0-* Oaet^os—X
• >T r-t LU^ Ul !-•«. 1— </><l t- 1ujiuc£>LUQaao »—••»»OJUJ# Qh-UJSU.>OLUMt- •nTCO* —«-«Ut>
3:^min>r -300C«-OQCCQO CO • •-« 11 coh- II II vO CO • •CJ_JCO_IOt3in>CO#3^ULO>l- 11 >-H!

LU—lCNJ OOCvi^a:* II QC3<Qt^HUJcdQ!:>—-II szu o*-»oc:Qi»-«co—ilu-j 11 II JXUJ-I COOO>*-
acm •O^ ••-•O'HOOOcO II OOh 1>—«»—1»— oci—00aa >*co»^<^^«—<cJUL^-Oh-Lu;>oc'rno•-^cxc^^-ac:
"** • 1 H • | H-'-»<cO>- II !—*:>-»*-—o»-<a 11 ojbi- •Ln II1—^»> II 11 —cjoi-a:> 11 >- «i- •3intj«-«

ii II 11 11 -z. II O "«</> 1II -H-O.Q.-J O O <QQ II H- 1- II 3 II II -J a—
(LH^aHHaiLu iu_ouJu-c5u»ii.u.5:3sxxujo ii a>-iii.u- u j~u.x^asxLuu_u.Qu_ujg2:3
>-« <t CO ^ CO 0»-« 1j.X•—1>H •-*> •-•MMU>uaaQO<QH^»t^u)HH>u<jo-»a:Hu.iJILQUU>

O O O O O O OO
O
m in CO in

vO
in

r»co
en en in

;56





ooooooooooooooooooooqoooooooooooooooooooooooooqo
ina^u>intninin-0^^^>0^0^^<>^^i^^r^P»f^i^i^i^r^cocoaocoa3oonouaio

oaoQQQOoaooQQooaaaaoaooQocjQQoaooaoQOOoaoaaoaaaoaOUUUOUUOOUOOOUOLlOUOOOUOOOUOOOOUOOUOUOOUOUUOOOiJ^U

a:

CL

xo

2:

I

•
o
m
m
*

OQ
XX

ZC3>*
Xl/> •

jC— •*

xa-to
^ac*o.
-«ni »:sHZ4J
aajQ
-0-1UJ-* a.
00i/»O>-I

XX •!- II

II woo
-•a 11 o

UJLUUJXX
QdcCXiXQ.

a

00

o
o
m

3:
o
*
CO
a.
o

i-o
<*u_
coxO H»*

Q. i/)»-t

3 »-</>

UJUJU.W
Q3'J II

H ZiiiO
a~x
-Sh- H eg
-JZ'OCQ
UJOU-I—
OOXiO

o
ai
00

3
Q.
I-3
a

LLJ

I

I

I

t

I

UJ I

o
o
43

<
o
3

I

I

I

I

O I

?lo 1

a i

1M I

M I

^ I

I

O
m «»
>o aa *-•

O OUJ -^ H-
i— ll </>a£ •-» a

U.Q. •» •+- «— Q 1

O 222Q •IS'-i-tO 3 31 I

<2> O33< 22 00151-0. > O
xs:zluluuj_jijlis:x 00 *oo »

-• aixxiaaioaoo. jE»-»3:»-»
• o a
•0000000000000oao

ujo »h csi ro >fm «o r^ ao cro—tz eg2 <\i

2 .-i^.Hi-i.-Ht-* »-».-« •""•»« <njc\J »ca »o4

a* »•.»•«.•••••.•• II • H ••
I

t <*.O -O vO >0 -O </ ^J -*3 -O MJ vQ <o—» >o »—
•O UJ J

II aC O O Z I

0>OUJUJUJUJUJLUUJLUUjUJUJUJr-4LUCVJLUta« I

<^-l-H-l-l-^^K-l-Hh-»-l->OI--OH'*- j

cc a. a: oc a: ac a: ce.ee a: ccTt a? ocootfO a:a I oOH3iS322>]Ji233Q50JO » ^
I

I O
I a:
I 3

<o
UJ
OO

a
a

DC
a.o
QC

UJ
X

u.
a
a
a

o u-o

u-o. a
quo i-i ct:

aotov- a.
-JJ0 4 Z
u-iLUZcfc co

XXXX XOOOO o

00
3
a
<
X
o

a:o
UJLU
COOO
a:

3H- CO 3!Z3 UJ -J
Q.U,OU.-l"»U.

UJI—O Q. o.om H-

i-aaoac"<to<IIIIIIHI
^<toooou.o
^(M _(rH t—I ^-« CO f-4

XX

00000
o o
~4 (M

o

Io
O

IM I

^ I

r>l I

I

o
I -I
I <
1 o —

—

I uj

I OOZI-H-
1 a:«
I 0232:2:
I -JY-CCCC
I <aiOO
I ooCu-LU

OOOO Oxxxxxx

00
>i"ir»

vOsO

t-t-
<<<<<<
2:2:2:2:2:2:
CCcCcCcCoCCC
QOOOQO
U.U.U.U.U.U.

000000

157





oooooooooooooooooooooooooooooooooooooooooooooooo
^<N(^^^-or^^c>0'-«osjrn4'iovOr>«aoa>o»-«cN4ro^, u^-ofs*oo<T>o.-«(N4rn4, 'r> ONcoooH^in+tn or»co
ooooooooO'^^'H^'^>^'H'Hr^'^^(\jiNji>4(>josjr^(Nii\4iNj(t^(t>(^ t^in(T)(r»ir|(r>(ns}'vr-r-r^rNj-v}--r-r
^t\j N(\4^c>4r\ji\j(\j(%j(>jrs4'N4r\ji\jojc\jrvj^i>ji>jCN<N^

22:22233:22::122222222222222222222222222222222 Z2'.1'22oaaoooaaoooaoaaaaaoaoaaooQaoaooaaaooaaoooaoooaoauuouuuouoouuoououuauouoououuooouuouoouoijooooijuuu
—

<

< « 2 •
J H"

«

II u O CO •H r-*

< Q a: -J u. -»iU LU
H-I <x J uC <t a. <f • -^ •»

2~« at: X -•Z3 a II -» II m 11

C3<M <MU H. •3 •a
->4 » 2 ^ • z* II Z5 t
•-'H H^ X rO •O X < Qi2 r-|'XJ

0£ • -^ • LUX <\i -iX UX
O O m vj-r^ -T\ ft X •»

Xu. X >NJ •LU !!<- ^ *. m II X
•> vf • » 2 » -4--4- •>• *» XX 30 MM

SH —1 vO C\l II <'N ••—

•

CM vj" -•lO^. u » m
O •» u. LUCM • 00 » —• t "-H tr» « . oc-n •

—

»

ji'O -4 «Q O U. II rO^O •> • rr\rci •
CO LU'-U • II II XLU •3: • LU II O • • -H
2 Q -0 m » 11 a: O m C^ HOO T-H LU
< LU LU H-X •H H II

»—

4

LU^H.H -o.u •.

l-« 002 «» > ^tn ro HJ- LU •IU-J » » II

Q t-t 1-*
II » •2 QULI •2 X II • » ro 11 »-l

< 2 <o r*< — c-!> II <J ^ O II II •00 CD
oS LU • X * • LU Q I aC •» >QQ Oco >

*_l O -» -o H>H- •1 < — H. Hi 1 -J* -}-• f-tU
Q OO LU * •• 2LU II 13 HO p>J -» 00 H- IUJ

«« 2 J2 O * <M < * f^H- or 2<t 1 H- «> X •X X
>* <t o< *— • cc 11 Q2 <tx» •-^ II en II >o

-•-« — 1 2 ^•-o uJ.H < cc acaa XX CO IX HI »
in • CO -OQC H-» -4LU <<* a: Lu a < >o «»*-> ^vO^O CQ>. rn

1 -• 1X1 1 h-I » » O IQ Q.—<c£^ +i-h- —4 •• » •• •
Oil LU 02^0 LU h- 11 C? m< Q-QO'-UO (<iaH# ••mm m
ac II cc XUH -i t 11 X »3 D-,00. •2« 11 • • x • r-i

OH O a » LU O CO ocm f03 a a.ac vO "ZOO mo UU

LU— LU am LU OC<XZ> UJ »-« • O^»0CZ)LU LUOJOJH- vfUJ^^H *-H •k

2<-« Q 2lU'-^ < OOh 3mH.r»c£ h» uj a. »-J_|LU •->— LULU rOLU II

Qco^* OqJ • CO H-Q O 1-«»-tLULU 232a II a. U.O i t •> •> • » 0—
»-»»-»u_ 2 -O II a:o< -1 »X KX 0»-tCHO LULUaC II II II Oil >CT>
H-X< 1—1 H-cO LU olucx: II II a. »-• -J (NJ<<< CC Q1 .-•a 1

OOOcQ 0<aC > —LUCO 22HH3 Oh 002--QcQcQH- •iImLU •jj-j

UU »"5 oO-•luluO •—

1

^ -taaa >MZt-tH^ H-H-a: *o0 XaC
COX lu^costv- N» XH X QC2 O x»-. • 1 1 QC »

•*
II mo

-» in -J • O O (M3IO LU IH- 3 aioaox * 1 1 HX •
(j£ •»•• O^QO-LULU < »0l—4^H CO I CO 2 o:h»h«cq2lu^ooqlu a.»-i <m mos0* --2cuOa:co- CMH"H • 3 <dC»-< IQh^h • -<< -oo • •a
— — •*•< •LL< >*U. #3 *>r I-Q3S h2II-t- II ro:3Xi_J O II CO<X> 1 fO OLU

•II »-• X •O mo-t •-• < J(J <Q "OTCK -JQC rnrO • r-t

o H- »UjmH-c02sO LU *-ivOrOH*3UJ 2 C5UJLUH-—1<43 2 H-» OO IUH-
2 3II««:X-J •O LU'-U LULU «« »LL •LU3—l-J«-» 2 -J -JLLO OC LU at QC »-* a lu2 OH -O
< -»Q. (-OlL^O. -JQ£ •-J >0 II »00 LUJCO -LULUL30 »ujlulu a >o ^•LU 11 a.

o--»cni-u.Q: •u. •H-Oc* II O »•* 11 hqcoclu'-ioo >LULUa£-Ja: 11 a. a. Q.O-J » >-h-
UJvO 0<0<t<>0323 2 X* 3 LU<:£<H-< O<<«0C Q.Q.* H-SrcQLU H- M 00O
co •OQCOU.'-»03U.O<OC0< <Ni#OQ *H-_ja3coa, 2: cu <ni-oa "*^ rD * <LU<CQ <LU LUO
IOhIhiI •X -XXX2X •XCwOII XXXXX XXXXXOQXXX XH-XI XU. H-X
0~4LL^TMX ^>X>*0>£>«tfr\J flcoTT >oinoomv* orviooinr* X>irr>vO OIOvO rsiX x-o
-*ii. >J" oj^ rgm rnm t\i en i-hi-i cO HH <\J in >$• H- CO ft r-i <-4f<"| mcofviroro ^mcsjcM r-IC^t—»i—

1

H(0 mt-n
•> »•»••• » - • « » »Q •» •> » • »00 • » •> » •• • • * m »X • » •> •» »«••»» » » » »

-<oo H00<0 OO LUO - —4 O r^
XXIXXIIXXXIXaCI-.IIIIHIIIII>tIIIIIHIIII xxxx XX XX
w —-^W^-^vr^->->MW <«•>«>»«« w^« ^.-^

1-4 >0 X II »H
t— H'H-H'H'H-H'H.H'H-I— I— h-LUH'H'H-H«COH'H-H'»—H- H-H-H-H-f- •H'H-H'H' HhH>- H-H- hh<«<«<«<<< <-<<<< »<<<«3E<<<« || <<<< <<<< << «SXSSSZJISSZSSUJSllSZZSrMSZSSSOSSSSZ 2:2.2:2: 2222 22 22
cccl ce.ee ccaccccccCacccaL-icc. ce.cc.cc.ee •cC.cCccccccac.ccccoc.cc.QCJs.cc.occccc QCcccccc—occc.'-cccc

-»ooaoooaooooQoowoooo>oooQoa oaoooaaaoo-oaaomoafnoo
LUU.LUU.LULULULUU.LULULU2U.2LULUIi.LULULULULULULUH>LULULULULUQ^L^ 'LULU •LULL

OOO OOOO OO OO000000000000 o 0000 00000 00000 oohm m>tm-o r^co 00
(Njm-^mvor-cooOi-KNim «^ mvOf>»a3 cr>o>-*c\jm >j"mNOh-co 0000 0000 00 o>-»
^.r—r^r^H-r^r-f^ccajaoco ao coaocoaj ooomj>(^(Ji cr>axL7>c7»o o>r-^i-4r-» rH,-«,-(—

4

_i«-h ^4»h

158





OOOOOOOOOQOOOOOOOoOOOOoOOOOOOOfjOOOOOOOOOOOOOOOOO
o»oho^r»^ ir\vo r^ as c>oh c\j .ri >t" .a vor^aoo^OH(Nii*>Nt^ 0^:00*0 .-«(Mm-^tr>-or>--ocr OHf\i-n-o-'.n o
~ru"\Lr\u"Mrsu>unLauv-nurt-OvQ^o o><j-y ^OvOvO^OP-r^r^r-r^r^r^r^r^r^co jo ao coco go °o go coco cjv.ncj»oPLr> <j"»>j»

zzzzz:2ZZZ2ZZ2ZZ2222ZZ2ZZ22222ZZ2Z2ZZ2ZZ22ZZZZZ23oQOooaaaQ^aQaooQQaqoQaaQaQooaoooQadaaaQaQoaoaaoa000000000000000000000000000000000000000000000000
•O oOQ-> O m U.O-IO

2 -^H- *>Z^ r-4 (jO'UHinH
a #-* Q.O "-I »rH -mm CQ^JX—H -

X x ** OOZ CQOO'-. H 3J «H— "O
vO * * ail- H.<CH- O •s:>-»ooo
H LU * * •> * '>>C5oO O <-o "inooH

Q * * CUfNl •»-?!- 2! •OHOinw
<M •—

•

** X-J i «3 O 2~. • »•—'/>

• to ** 0.0 ^-» » • a:ooo-»^-s;
>o — -» ** ..a* 00 -O'/) • ^homai •
lu 3 ** O • »HJ O CO J£'^»-H^-^
M O JJ ** Oh h>-q O 31 «~. » .mTV

II oO *-* h_j Xluj:
00a o.<o

H •AI30--

«

Oi3—IO f\—
3 X s—o -*# »> -az j: JCGHU,HHa
O m C0O.IU ** —1 • o-> • LUO>'J>— »"S
aC H 0X00 ** OtM Z> »*• LU •*</7<t »oo »

•* V. *-* •-•3: Ocj'O -1 ro - «-»a:c>-»
jj ("0 XXI- ** 00X LUuj^» O -J'.J*-HiA •»^hlT»

—. a » GOrOU. ** » • »O0»-H < LU-H QrH-^^-"-«
—

m

h •> • ** 2-H —HZ flk >Qi-xinZ«*
CM • 00 ft rO(M | ** Q3 vO *a: -* •oO^O-hOoO— *o z LU • • * * J^OC^-LUZ O »<l-J • •<

-»e—»*»-» 1-4 •» mo3 ** LU »-lO< • O 20 «hjjo—C5
miuoouj II h_-»c) ** —

.

OhOZgO— r-l h-OHQOt^i
-* i Luat * 1 LUU.OC S3 Li. _J •cOOLUi-ixO •** •213 »r-»^^ •
*ooooo 2 •k » O <l <t~ICC • *w ac ao^-»— •—

»

>-LU^>». II O II II X * a OLucu-^aai a 2:oox>m<OLa
LUOOCNCO h aC O ** LU H«^> »-OhZ z 3 «CDHOO-(
^» >N*# *- OJQ< ** « to H *x— sot. CO OOO * »3f «-H »
2:3!*-»U_ »< LU f— LULU * * u. O •k XQ<hOZ H- »a»— ^—
CO CQ H»k— lu •—

•cC O •^cc * » •-« -J > LUQZZLU » « c0<OO—t-O
-JJLULUXoO H aCi-iZ * * 0. < 03Z »^OLUoO-» —

•

s •<huo<h
OQ.QC 00 3~> * * a O LU OOO ^J •• »vO O 2TCti »>.HW>*

xxxx • LU 2 SJ •*» M LU Q< Q. *>-•—.— O i/JJHO. «H-Q
OHO^Xlh H Ouu> * * LU 00 LUCX 3»-« •vOLO»-1 f-M ••OXQOOOZ
-HHi-HrHC^-^UJ

J

-jaCi-
lu H
OCO

* *
O
<

>
CO

-»o
-J
< *

LU_lOX^-LU
Q00QZH-Z

Q
MHhSO »o
=0x2:0^—^

m «1 rnro ro fO< >-H

• • • • • • >—

1

• OOLUO ** LU O » »O0LUOO » OO Xa; • «4— •"-••

OOOOOOQ O O03-J *•* O LU a z aa » •»—— • OOLUX—< »iA
t-HH.—»HH.H z <Ouj * * m LO LU 00 LU 3Q ,_'-»Q.vO ^ Hh-'^lOO,-*
UJLULULULULUO sau>— ** aC -J LUO -JQOvO •-— O •H»H<Hao •
» • • • » •f" 00 m ** a. LU -1 ZLU LUoOQ-iH-LU O COXLO • MO

»-<jh- • ** <j z < Hi Q •OlUQ.H- H HUiHO*-0
II II II II II II X —1 zzzo ** a: >—

•

O 1- •*-« •'cqOlu ^» s; •ooocnzH
o t— <H<H ** < h- 3 » hQH *HZ 2 000 •hhX'—

O <30»0-»z JQ.JU, ** — X> OO O OOO 1-*-* » * O «.u_x>- »oOX
X 13 OUJ LU 3 2: OvjJ> 01a » ** O 'JJ arz ^jooONOnCH LU Qh<QO -X
QCSZlaiJUJ • LU aoax # QC z LU <t ••O'-.'-fiu H- Ohcoi—0—00

-J -J -OCX oo.oco * * -J CO I-* zo a •oo-s. O jX3ZHina
OXU.X XXX • »* < 3 H- a> X2EOC0Z * < LULU>0-»H>

IIIIIIO »r» v^vt-r--* * * 00 XI 1-^ SUJM -*UJ O »<fx » »
aoaoaoaooocoroil cm <\ic\im»-f •» * LU a \— • OaeTt— v. »lu >s. >^0 hO-»
»«*>»» » » » »•>•>« ** 00 ac cq »<>-3:Z »H \ocg\zoin
O 2 * cOZ zz a—^cconn * O (-HiflOa-HH
xxxxxxxox xxxx * * LU

|
.3 or X»LU 1 -J3<ZLUXOC3£l OOI-UJ .«— *

•HHHHH p-4H0Ci-» _«,-«__IH * *
* •*

»•(•

z 1 OOt—
i-
LU

LU!-

00

| OLU —icOO-JO
| S«US3H>HN
1 •<: h-hluuj m

^^ 1

»- 1

H-H-l—»—»—»—I—Oh •— H-t— 1— ** x> 1 X h- 1 zooattz *a.o.z zzoz - ««-

«<<<<<«-«<o<<t<< ** 1
H | OZQOhS
1 i sz-hzxh- »-

•O OGhQO^UJxzzzszzwSHtzrs ** ac 1 • -•2: 2:2:032:0100:
or ac ex ac or or acH cc "J ac oc cc a:a »•» CO 1 O 1 2:0.cox< 33002: 22HSHHZ
aooaooo"3Q •oaaoz * * X> 1 LU 1 0< «<D00<3O-»oo2:ow »2>
LUU.LULUU_U.LUQu. 111 LULUU-U.LU ** to 1

.- 00 1 OOCK-OH-H »OOOO00OLUO •
—» H ** 1 | ^«rsl rHCOfO —4 H t-HCMCO

** 1 rs| |

OOOOOOO O 0000 * 1 LU rvj 1

-Hrvico^mvOh- 00 OOhco ** 1 00 rsl 1

1 4i ! li <» 1H-H H -hcmc-jcm ** 1 1

159





oooooooooooooooooooooooooooooooooooooo^ooooooooo
0%i^U>OOOOOOOOOO'Hi^^r^ <^^^^t^r^c\j<\ji\jiv4(\it\|CvjrvivN*r\irn(^(r>rnrnrncn0t^''n-4'"T T-T <T

Z2222Z2222Z22ZnZ2ZZZ2222Z2Z22Z22Z222Z2ZZ2ZZ^2Z22ooQoaooQoaQaoQaoaoaaoQoaooQaaQQaaQoaoooQaooaQooaououuuuououuuuouuuuuouoauoaoougouuuooouuuouooooo
O -O N»

O

33
a
u

o— »
-«o—
—oo

•LUO
—oC <OZO0>3

HOO

i—oo
001—3

—oo
OaCLUo »o
.H—'

»
«-o—ooo
l|-HO
:<x—

^

•OOO—AOU
i »OCQ— »Z
o—

o

OOlhO »

xoo
•-•LUi-1

00
z
o—

o

—4

—2
0.0

•o—o
4-

Q.IO
»o0Z— "OO— •
OO—
HOO*HOO— 1-»

JO-
0Ji-»O>m

OOU.

^—

X

OO •
oo—

LU
o
ai>

X
LU
o0
3
«
X
LU
00
O
2
<

X
LUX
3!
a.
•»

x
LU

<
000
i— :0

»3
O »
oo

•3ox
OOO
2 •>

XO
Mi.OX
02
2UJ
> •»

-to—
OLf\

J2-
otuo

O'Ho—a * iooouoz I

a—« x 1-* i

ZHO^-ZZ^ I

oriooujz isjiaz »tu i

s<toas:uz I

O »a.2TOCNJ>-« IO—>OOCDO

<
QC
<
LU

o
u.

*

QC

O
LU
o0

a:
XI
oo

25
XI
Q
oo
o

Oo
(J5

aC
LU
I-
Z
u

<7>

•»

ao

o
aC I

O
I—

aceo<
oa.

r>4

0CO
OIZO
i-o>»ZOZ
LU

OQ

aC
OoO
l-0<
o**
'UQZ
o0<<»-4

O oo
h-(— LU

1-4 CQ«3
LUOH.
QC

Q<acu.2 luo
osa
oa 2JIQ
OLUH-aC
LU O

oo
a.

a

oo
CC

<OZZ'JQZZ<
<<-*<t*>* -•LU
OaC ZOS-IZ

lus: <0 «-•

Uh(-U.r020 I

-J
H- LU
LU>-»0
00O
Q.<

3
a oo
OCOO>-«

O0
ocas:
LU-JH-
0. 00

• OO

2
CO

00

a
o

LU
X

LU
cC
Ol-
iO. u

COZ
—«aC

O LU
O^LU
Ooo

ZJZ
<LU<t
OcOaC

-» LU

O
o

<
CC

u.

luo.
os:
Olu

Z
O
t-OC
<tLU
tvloo

-•Z
UCLU
OQ

LU
H-.O0

LU
\-mCQ

LUO
oi-

aCI-
LUlJJ

OOO H-«i3Z
UJmOOQ
Q O

QC ZhU.H>
LUaCOZ Zh
00QO<tHi<O

>»zooa OQC3U.QOOOO
Zlu ZaC<0 OUJ<

U.H-»-» J CC
LU OX LUOU.QLUQ.00

hOS OaiQ< OcO oo
U. H-o0h-»cQi-»>-«O 020

oOOOUJLUO 001— H-UJh-HO
OJ J2I-HZ O 00

X-IU.O OluZQZ oo
H-QOSQCU.OqCLU2:»-iUJOO
OS <0 LUQ.O OLU
Z OOU.O LULUOcoaiZaC
luoluoooox o<q-0<0 OZ O<LUZ0C
H-OXUJ OOLUa3<h-3:

illOS"5JjH(yrfDIZI-
C0^ 00O<h-<-»<H-OLU00
O ZH-<0
H- It l| II OQC II II II II II

III- II

II OOOI— II 3QU.f\|P"»
isooooo it oco<a*HCMhjjjz i-au.a:aaaii

00000"2»—<OH-QOOO
jSZX5:za:QrOZUJUJUJ(NU.oQQQQScOI-<««««a3QQQOlZQQQQaaQ.

Soo<JH
O LUO<
-£ t—^LU
•-• O0U.X
QC
LU JJLUO
-S<XQC
LU»-»I—QO0

00 I— •-»

LUQ.OK
QC QCQCI-
O00OLUO

Q-2l-^2:2»-oOooaOl-2H. JZJQ
<Qu.u,^-»»-»xiuoo3:oou.LuoLua<to
>0 h-iqCIULULU QOIiajOH

s:q.qc»-qc zoohuoo<
U.LU3 3: a. ooo —a— lu
01030201- ZLUDOIUZ O X
Hc£Oq£OS<ZOIh 2*-<U. li. <M

QC CC 200O»-hH-QLUO OU.OU. •
H-ZUJ LU »-«»— <tX OO O 0<M
<wqojquj i s>-< •qci-qcqcs: t. m
LU —»Q—»Q <*<(j£LU ooozos
X oo 00>-» oo •-•Z ai QCO QCQZ U_ t- ooOooO
3H-O0H-OOI-I— OH-Oi-«*-» O 00 oOQC

H-OOZO20000h-<>-a <LU3 3 O
ZoCO^O 1-* <X00O00LU000303H-
LU U.O00 QC 3QC QCOOCOO
H-LU » • •> »OZ OUJLUO<LL QC" aC<<OQQQQ mHZQ—IQC Q> > LU
O OOOOoOqCOOh^SIQ lu 03>cO>

• OOLULUQUJZLUO • CO C0>
SfOLULULULULU^^ZI—00<0-5K 2 I—
<2c0rQcQd3a:2OO cO U.ZQ303M
lu ooooa.Luoa.i- a ocooca^
»— tf I—— H-»— ooZHZllH QC cC<t
OO || II II LU< II || CC

oo ll li || i| acooo || aco H II O
It 3 HhSOCOZ <0«-4 <\i

oiulu -<•-• XI—»-iOO»-»00U.LUC0C0c0O II

OoC 0»-tO'-«»-i<JOOQ300^3t-2!
<Olulu 2:2:2:00
aC QC wi ">00000000 00

I r\4

I

I o
I LU
I 00

OOOOUUOOOOOUOOOUOUOOOOUOOOUUOOuOOOOOOOl)

1^0





ooooooooooooqooooooooooooooooooqoooooooooooooooo

2222Z22Z22ZZZZ22ZZ22Z2Z^22Z2Z22Z22Z2Z2Z2Z22ZZ222oaao^aoaoaQQaaaoaooooaooooaaoaaoaoaoaoaoooaoQaGQuuuoouoooouuoooouououuouoooouoijoouuouuoooouo'jugu

x
<?
J

oo

cox

>—

I

O
UJ
00

U.
o
ai a£

3</> UJ
Ox,a: -J
Qdh-UJO
U__jO

t— ao
oO O
C^oOOUJ
-•UJ X
U. 03 tut-
or x

CO
CO

u» oo acx »-i >»
a:a:<a;X'-«u.X m

O-JtNN >*XUJ UJ »
>oujs3:az;cQ»-^oocQ h-
>!-:OcOI-cO_JXOUJO U.

o -JJ J ujaeicoh-

-1U.K-, LUZ O0l-o0 <LU-J
aO>-»t— oioo acx oC-jf-jo
tuju<azu.auja:M<zo>
UJQ.OIC3CH-UJOH-QOU_LjOa
K-OOQ.OOO OZh »-«f>JoO

oOl-UJXtSUJOaCXl-H-, -•

t-UJ <oOOOoOOQ-»-«CiCQCUJU.
<tct00c0 O-i OlOlH
O03< X U.IQ»>It-0
h(J2UO OhhH UJ

XX <<^o0< >-i»-«LLU.U.Q.
H-^OUJUJ oOLUZSOOOQOoOWSNh 3< QQQ

XoOOOXO-J-l-JarcCI-X
CDCJ5 H-J t-U-UJUJUJUJXI—
ZZOU U,U» >>COcQOoO
>-t»-«ZX:2 Q3X XX~«
ataiMMQto Ot—UJUJOOUJO
ujLuacae-J<0-Jooa:a:zzxz
-l-UJUJU.O'-tlL OO •-*

ZZkh- ^- -J^ I— LULLIIUGt
ojujzZuo<Z<xxiiIuj

UJ UJ X» *vCL <t H- *-••-• t— t—HH"

H M ZZ UJOSX X
II It II h-h- II II II UJ

-».-* II II (/> II II

t-X-•-* <X •• (JOQC II<mUHWmh h —irgoO-J
oOXZ<<UO hjjzZOh
!->>ooOXXoOoOUJUJ>XI-c3

o

oO

o
OX

o
o
o
UJ

J
oj

| J »r-tCJ

t U.O II CC

(Ml ii II oa
I i

uooa^-
O | JSC3Z
UJ I OX>U-
0O j Qtl— •-•*-•

-I
INI I

UJ
-I
a
oo
UJ
X

00

o

(-3

NJ
1-H

i_>

X
Q
z
<
-J
<
o
•««

H
cC
UJ
>
a.

O
cc
UJ
n
Xiuox
xo
UJtO
!•-•

UJ
UJC£
h-uj
OX
a.1-
X
OUL

a +
x —
i— -»

* o- ao
-» 00

0C •
-J Q
O *
o u.
a: -•
a. o
I ooa
•x*
OHtU -» -~
OQQ O OH<QUO O
V. I -ZIOifi>
qCQv.>»-»X ••"-«

-J<0C*,<'-X+>*
OtXJOhSOt-moouo<uo<

QQtZI-ZOOZO
a Q. CDX*--JX> -J
O0~» || ,- || U.I- II u.

II II at II O II II O ||UUJUQOUOOQooazooza
QZHZIZZ>Z
ooi—x >«-»x>»-«>

o
a
H»

00
UJ
-J
CO
<
1-1

ai
<
>
l—
00
UJ

o H
-J
LL Ui
o INJ

UJ i—

<

-m 00 -J
o V. <
UJ • •—

•

to •-• K-

**~c£ o 1—4

-»-« X X
uO|—

O

2 >-

I5<Z +OOJ —

«

QCJ* to •

UU.H02 UIO •

Z II on H1'— OHO
H 'O j:a ii XX II

CL_I tlOUJ H-lO>
au.«o> l-0O<
i-oo_j< XXOO
OOIUXO-OO OHH
^O03»-»i 0003

UJU*JH-2l-)<-)^J^J<~)<-3<~H-)l-)<-)<->*~)<*)l-) OUUU oOH o

161





ooqooooooooooooqoooooooooooOoooooqooooooo ooooooo

ZZ222^Z2ZZ2ZZZ222Z^2Z22Z,7ZZ2722272Z2272222^Z2?ZZooaoaoQaoaaoQoaoaaaoQaoaoQogocaaaaaaooaooaooooQaoUUOOUUOUOUUUOUOUOUOUUOUUUOOUU'JOUiJUUOU'JOOOUUUOOOtJ

00

-J
a
2:
<
*

a
o
IJJ

00

IJJ

X

00

00

a
2:
<— +

x>
*f-

C*

33
•»-

<7»C0

moo3H-

<CO

13<
t-00
OOQ.
II II

cCT.
•—»-«

23 -J"

l-U-<H
I- 00
COO.
II II

l<<
H-^VOCO
00Q.H>Q.

•-•CO

O^-ZZ
110
OLU
ZI
-J IIao
su.<x

00 OoO
-I 2-J
Q 3Q
X XX

_joO»-«f-«cO—

•

cna_jxt-oox
hSOQ.<Jh
0<X »coOX
• +<r-4t-X>
aooo^l— -»<co

mQHHf^ooo
ooX<«— • ••*

II 11 clu_-h H •

001— II O II -4C0
0OoOrH>—4X00JJX II U*-C4OQhHZS IIssso»m
<<Ql>oooOO

o o • • • •
•o »ooo 00
O • O • II II It II

IIO II 0>QO>OJ
•-ill «(\i 11 ai_J 11 <^
03a30iX10QU.QQ<
H-3 ll«-XXa3<X03
2StOr^33(003
0000300000002300

LU
o
z
<.
cC

I-
z
LU

lu h-
X 00
I— -J

< —
00 cm

o
-I

u.
o
00

cC
<
u.
o
UJ
00
*
o
•

oo

c\l (M

(\l <\J

* -»

*
CM 0v|(\J

-J _lOLU
00 u_ m lu ui>»
00 a —> o> >-»
o a >«* >** *cm
-J O -H •—» —

*

aCX Oh- H-*
lu Q<t~4 m< <^4
oc «*lux »a: <x—

1

O g£o:> o< <lu
00 Oluoo c*l | I >
00 zoo* in o 1

UJ CCX-^ —CsJ «Csl

ct '-»-^»-»H-m • —<-*

QC—zcxr-^- *f\j
LU Q.33< •*- m_j
X UJ + NO>t l—OI
h» ncu.«-«f-i I • •*

<lH- OO—1|—OOO"-
LU II 3LLKI II UA II II

1— ot:<-»>cx:rvi rgm
Z5 < II II II <—»0-«<\l
a. u»i-f-4CNi-»a.h-a.a.
X <_><r_i_i _j _j_i

a UJC£LULUlL,UJOLULU

o
LU
00

3
a.
h-

O
Q.

X
LU

U^<^<*3
O OO

I

I

I

I

I

I

I

I

I c\j

» <
I

I o
I LU

I OO

I

I

I

I

CM I

< I

I IO I

LU I

LO I

I

rM
I

INI I

N I

t

O

a 3
o
_ OO

• 3
OO
,UJ— -»—
OoOOOO
UJhhNO
« •>o %or**

CM*-* •» • •
• <t .| sO>0>0
O0»-i—"——

'

II LU
CMOOOLULULU<—'vOh-l— >-
O >->•; • 1

LULLOarc^a;
00»-#Q3 S3

<JUJ^JU^^J

16,2





oooooooooooooooooooooooooo
^CNirO^m O r^ 00 J>O ^-« *N rr» 4" 'XV -Of>» CO 0>0^-«<NJrn 4" lA .0

oooooooooooooooooooooo
r^coo^Or-^Mrn^Lrvor^cooo-HCNjro^* n or*»oo
vO vO -o i^ r>»r»r» r«. r>» r*r* r» r^. co -o co a >-y oo r-o jo oj

QoaoaaaQaaoaQaoaaoaaaQououuuouooouuouuuoooooaaooaaauouuuoo
Z2222ZZ2ZZZZZZZZZ22aoooaQoaooaoaooaaaoouuououoouuouuoooou

CO LU LU
<

CO
<2 CO
z z

a Hi < LU
1-

X
CO
LU

cC. X Xa:
a o zlu

Q IJU XH« H- OCO
LU COCO O QC>- OZ
a: CO <-ic£ !U '-Ll»- LU
oL >• _!-• <o co»-»q:'-3o
LU < 33 LU cC 2DUJ22
LU s < X J Luoco»-»a
LU _J f-LU • h- ZoC Qj2oio
aC < coXZ

LUb-O COLU
-.lu Zluluoj
exca cj>ljh-uj

a: a. Q >-« cOt-«cO LU2 O ZZX
LUO z QiK < t-oa: ooujh
>-o < zx<

<LU-J
—»LU 22oi -una

LU-J O.CQI LU CO X UO
< <M X) 3Dh arZaCH-LULU's.z
LUa: 1 Q.C0O co tUO'-UO xxz>-«
aC'J o <DZ~> — to LUQ^h-QH-ZQH- cC.

LUJ— LU aa< oULUom QCIDOZO»-< QLU
ID CO JhO CO eg XH-iLUOLU LUCi»ZH»

H- LU h- ujr\J HXcO(_>cOcO-JZ<Z
CO I CO z ~>»-«aC LUX CO X>-« cOQ^ LU
-J a aa aCZSX »-»SC3lU<OZQCZ
a oOZ a£ LUZh- < CO 2: zx jx l»j<co
s QC»-» LU xoo -^ 0»^>— cO cOH-UJLU

^> < x< H.OLU cOfsiQ ONH COLU ZI—CO
1—

1

« ht m CO LUCQZ ^ZZZQQCf-LUcoco
«— «« CO m o 1 CO-I »-iX< Z | LUi-»QCX< <
CO f* l-t CO -H C\J LU o J—<H 1— CO I SCO OCO XLUvD
< ^, h- •^ _J X t— a. CO LU QC-«Z —« «. » St—LUCO<COCO<0
O 2 < X o >-1 < -J CO <»— LU t-~*cC »—coaCuC lucolu o
3S -J CO •""« r X QC CNJ LU z h--»0tf 2cO LU CO O.OQ.QiOh-cOV

u. H- s: < :> < -J a a CO cOZc* <XcO LULU>— O- -i CO LUZ
—» H> CO Q. « CO «• LU » aC -o xcoz LUOoiOaC -J
•-* o » » o « (M QC > <M o. LU z o 3—

X

O LUQLULULUOLU
« < r-« f* 2 fH o < • m4 o h- OLU z LULUCO OCiOZG
>H • 1- - _) o LU rH a. o z •-•XLU QLU 'UQC-J luzx
w— (J) < < a z «-l o _J J -J LU • h-l-X LU_j:2 • aCX tlLU CC< co v/)Jco
CO lu CO CO z .> o U LU LU <r O h- H-cOOgC xco<tax<xcoLu<Lu
2 X *- a. < CO > CO > a o z

»

c£lu

LULU
corjLU

o
a.<a£LU
t-f—t CO
aroCLurr

c0cO»-i cO»-LU-JH--i
coluq;OcoZafOoo
LUQC <ZLULUQ.X \-Zoooooooooooooooooooo CDCO COLU cO<XX ctQ.> OC

mo^omoooNHcooc^ONinf^io^in o ~»Z3 CO>l-Z a. ii a ii ii ii ii ii

•of*-vOr* o^• N0^*^o^-^of*• NOf,," r*'>* ^^'>*^^f,• 1 QCO xaa X II >
0l»— -coa: CO || 2!0 tl (VJfOCOH-O

•4J-4JO O OvOhJOOSJ-OvO O s3 ^JO'-d^OO •OUJ
|

f-tSI-J ^-l(\JCOCO-i
»***'*-"»W1««•«*-^>-—X 1

Z 1

XXI3U.Q.CLQ--J_J_J
hhQUJJJOOQ

UJLUUJLULULULULUUJLULULUUJLUUJLUUJLUUJUJ*--* 1 ZS II LULULULUZZZ
-KH-H-f-^f-»-l-|-*-l-l-l-l- I Q.CL~?COQQQ<<<

H<-»>- «»-•• I*-"---•Z 1

CC.Ctc£.c£CCcCct£C.cCQC.cLX.cCaLc£e£.&.CCetLC£0
J
ro

1 u
1 LU
1 CO

oo«vOMjOUOOUOOOOOOOOUUOOUOUOUOUOU

163





OOOOOOQQOOOOOOOOOOOOOQOOOOOOOOOOOOOOOQOOOOOOOO'J'J
COOMJ>(J>0>U>C7> 0>a*Q*'-'>OOOOOoOOOO>-^i-l-H'-»'-*>-i'-«r^rH^HC\Ji\J.\iCS4i\jrsj(\4(\|(\jc\|i^('nn^ 1 ^( <'>(niO

Z22ZZ2Z222ZZZZZ2Z2Z222ZZ2ZZ2.1ZZZ2Z2222Z2Z^22Z:ooaoooQaaaQaoaaoooQoaQQQQoooaooooaQaoaooaoooaooaOUOOOOUOOOiJOUOUOOUOUOUUUOOOOOUOOUUOUUUUUOOO'JOUiJO

CO

JJ

a

-U
X

oh-
U.IU
IU_I
J32
-•a:

O U
C5~2U.
QoO

2-12

ocoa:

SCO
<_»H»
oj_j<
h-<U
O0U.X

UJUJO
X.X.
H-OOO

H->-»
aJ<
a£aCH-
Olu-I
000.0
o02oo2
IJJLUUJ*-*

och-o:*

a:
3

St
X

2>N
—< 2

-J
CO
ojoC
ooQ
OOH»
<o

2'JuJ
-J 00

03i/)rO >N<
>^00* ZaC
moot—Q"-»X
*<LU2 >»
* 'O <o0O3
h- 00 ai-j
U_0<211
>*0<Oai

sz ujh-o
< OH- H.

00
IU
aO

O
H-

00
'UU.
COO
25
H-2
o

U.3J
a

<*

22
<-•

>
<H»

1—

«

2U
-•a

o. 2 tuu.'s.ooa.o _j
2lu< hQZ oai 3oj

20xctu.oo a. 00 a>
Qi-«H- hli03 j
•-•h- Zau.10 0< lllu

2 H-< »h-i200 'JJOC as< <c£LU LU h-»LU2 a OX)
ai o£Da£Q.HUJUJSD<l- I— H-

H- 3H-02 Z30J X
oOH-h-<l—UiSD -jOOOoOZ—t
<<00<H-<Jo:O>H-n»<lu2

Q0O0O (X aioo ZOO.
aia. c3lu2h->_j U3 iou
H- H-2O.<00 DUhQu. ">.

<0000i-i2LU OOMU.JOWKZ
a:<LUQLUH»H->-«LULJ»*-»U. <0U 1

O 32H-oO<IU._J'-iO -« arx
H»UJC3'3 (-MOOUJjauj«
<3T_JQ.H»H-00O2UJCL<_J2 LU
O0< 002< Ul O.OOLUU-< tit—

00 it LU< OO l| O. II CO H- O0 OO
II Oj -I 00 || CO II 3K

II X.CCU ll h. o il •• -J II

H- HQO < II 2 X || 00 U»

<J_JOO-J00 3l)m <OHJ
00<l- <H-0222oo020UJ
0.0.0. HW)X»125<> Io

LU
00

INI

rsl

^Ji-X-HJUUiJU^i^HJ^i-iUUt-i^U

00
LU-

-I
CO
<
CC
<>

00
LU
H*

a:a
ot-
LUO
00LU
t-4O0
m
fHLU

I II ^
I
"*-•

t -I
1 o<
I a**-.
I rnt-
I -•
I 02
1 o~«
I

I

I

I

Io o<

• • •00 • • • • o •

II II 0000 11 «o
-*—

« II II II II —O II

-J-9rH(VJI->0~> II O.—*-^^<QC II —O.H-
Hi-ooiXQMa.Q.a
00CO LU LU 03 cO«-* _J _J _J

I— H-XXO 0»-«LU LU LU
3 QlOOoOI—hQQQ

CtfU3 H-IHO v>

h-<th- XK
ctf >-«a.

2'UJJ 2
QQ.25 o.ct
JSQ -0
UJ.U H-ia.
CD!-. 3 <

O OLU
'^0»—_4 0.0
-«..U -1
-JO a:<

0i20 o>3mH- LU
1— m <
OH-_J(N| a
lilZJiX -U •

00 ^<-J H-C-D

-JU.LU a;2
aia Q U—

1

XO> » 002
l-0-Jc\4 22

2-» -•23
ULULja. QC
H-X J LU

Zt-2UJ 032
-< <Q <au- h-oc

ok JJH- 000
H- CC LUOO oa
00 DOQiUJ 2Qi
-1 0022)00 O a.

a (/)>-«oO OO O 00

2 ujQooa LUlU 00
r0< QC2JJ-J O OX _3»

CNJ'V Q-OaC 1- _JH- O
O.OO O.O. LU < K
JOO 2oo cc O >Q. O
ai_» Oluzd (J LU 2QO •-•Q^OOO >LU 1

1 2 KaC»-«oo •» 2^ 2
r\l< <Ol— iu 2 2 1—

1

-H—

•

o:o<qc i—i OO -1
a.* O QCQ. -i Qt- t-
_»~ h-LUO 1- • O.—
LU-> <o:i-lu a. 2otO t ~«
a • o03<o • LULULU — f
1 «H 00002 H* IQZ -JO0
i-l— U-OO < O t-a:>— •3
XX MiiJSa: • 02 *-*C3
<—!•—• a:<H- MM 2 ai —a:
at.2 LUO.LU2 -5 •"•2UJ H-O
a. a. LU H>LU k -Jn-iH- <2
11 11 00200 l-l (— LU 00»-

r"3 iu -^ 0.0.0 Q.I—
-3-5 o»-« •> 1— vo. 11*1
» •> t-H--»»-« < H--IO —a
fH-H <200 OO <tLUO0 -5 _j

^qS»-ioO a. 00Q_J '-U.
XI— OO-JLU —

'

O. < H- II

—<<; LU|—H-O O 00 C5

200 X<O.X u. U.200 h-H-
G.O. O00<—LU — -•<ti-« o.a:

Kj^j^j^^n~i i^i^^iuu

164





oooooooooooooooooooooooooooooooooooooooooooooooo
r*»co >0'H<Nj'^^Lr»v0^a3aHo^^i<>^in-of*-^0(>Or-if\iinvfinvoi>"^oa»0'--«f\itt>-i-LO or*- jOg^o—«'\im^
mrt^m-f -T>r>j, -T-T'T >T<J* NT 1^^^tnLO lfMoif\mir\ so^O iO ^o-o-o^o o^^r«»r*»f*»r*'r*.r**i*»r*»r>«»r*»ao jo aoaoco
incaLnincOLnu>u>.Lnif\cnu>LOLnLOcnLOLnu>inLnLnLn^Lr>c^

oooaoooaaQaaoaaoaaoaaaaooooQaaaQaQaoaaaaoaooooocjUOOUOUOUOOUOU'JUOUOOUOUOOOUiJUUOOUUUOUUUOOUOOUOOOU

CO

a
s i

<
va co i

a. CO
_i _J 1

UJ o
a 3: i

* <
*« «« OS—

"^ i-l *s. nO-V
• 1

«» • »
r-» s. -5 <7»«-l'

~- •» CO*-'
o m i f-» >fX

HH q-2: — -» I-.
+ 0* cO»-« 1— -J -J5*
CO*- "2 -J < —<«X!
J£^ CCh- CO ->CLH- •
an ZOl Q. •*- II -J
x~* • •» II II H2«<
a_j(\j—»—

.

-» —li.-9^2H | II -JUJ-3 (-H- •-*-

ii a ii I -? » <T-*I»->Z
m ii (vj szh cOcO*-LL
a.q-^o '—•-"-» O-l-H-O
00Q.O00I—»-X II IIO
ZS—ILU <Zm -J-JCOII

aciuxgcoos: <<i-ozoooaoa O.H«/>>

CO-*

C3*-
ST-2
<-»
*U-
Oh
20
><t
*--*

>»o
o •
20
-JOuo

*+x

xi-:>
>-»CO*

Q.Q*
*s:->
o<*-
3-* co
-5cj><

<**-3

*^CO——f>-> O
—I-J * Z
H-3!*- 3T
* <cO <
<\l*-—.-><j
r--s.il*-z
•O—co3
O • -><* II

«-»rH "OO
*- t| h3H
II X*- It JUhJOQ
zriuzr»>-s<

o
CO

3
a.
i-

O
a.

LU

o
o

<<
COH-
Q. »X
» ml I

CO

a:
QC
LU
LU,

LU
QC

aC
LUQ.
f-O
U.O
<-J
LU

a£-2
ixia
XQC

I z
1—

•

co<

O *-»-ZrH
o xo*-
-» 2:1—cjjtu
•-5O.c0>>

o
a£

z
o
Q.
O
a

a

O
ao

o
OC7S

»

I

I

I

I

I

I

I

I m
l <
I

I o
f LU
I CO

oooouo

LUOOOOO
Z-or-oooo

I •r*-r**r*-r»ao

I *>»•»••

rO I II LU
< j rOcOLULULULULU
I I <*-l-l-H'»-H-
cj I O i ii 41 |i 11 1

lu I mu-aCccaCcCc*.
CO

I cO»-ii^3^3

r>i I

l*sl I

r«vl I

I

I

»

LU |

-31
Zl
« I

I- I

Z|

X

Q2

QO
h-
OO
LUI-
CO

ac
Z«-J

2: ex

LUCO
Xlu
I- -J

co
\u<
Q~«

cO<
z>

LU
CO21
~»a

CO
z
OtO
•—»IU
l-r>| •
o«-«Ln
UJ_)

1

cO«JO
—•LU

COI-CO
1 H 1

CM

CO
u

3

LL
a

a
IUQC
—I

<

X
a
H-
U
LU
CO

ZU-

LU CO -S
-jluo

<t3

<tu.a

<
>2 >COLU

>-j araxi
SU. -Oa£l-
S O Qnox u.z

LULU
oCZcoaacQc^LU

Ct LU UJ< 2: 3! LUO
luoqo. Xi-Ocoz
aas:oLuzzs<

3Z«o:q;zo
Z LU LJO

3?ae 11 h- i~ 11 ti

ace -^lulucoll.
QC II JCOC03Q

11 u. aa
11 oi-ii 11 qc_j
JXO OLU

*-f»—»<t<U"52D

I

I o
» LU

O I CO

1^5





oooooooooooooooooooooooooooooooooooooooooooooooo
r\-op*.3><T>0'Hi\j(r>vj'msor>»oocj>o—4<Nirf>>^u> or^ooo^OrHiNim-^Ln o i*» 3* o^o^cM^vt-ifv -0^330*0 —I'M
CO:OCDajCOC^OP<?*C/>or»0><J*C^cr*U^OOOOOOOQOO^MM^—»^^^^<H

ooaaaaaaaaaaoaaoaaaoaaoaaaaaoaooaaaoooaaoaaaoaaoaouuouoouooououooouooouooouuoouooouguoouuouooooo
LU
I

LU

a:
X

cu

-

a
o
LU
00

'U
cC

I3C3I-

COUJ-U
>»co;2

I a UJU.

* aoi<M
*Z-»Z-*
l-<t'U<*

I H-U.
ctfSoo 1

X<-JH.a:
LUJ<I

U.O0LL.XH-
lu a.

cgOLULUO I

* i-:3ooi-
a:c\i<\4i— c£ h-*-«co
<# *u,lulu<

ll_ii-h- i z3lu-i
h- <u,u»<xooo.:d>
LL Z 'U oOSoOH- <

I—COO Oil— UJLUIU—IH-

ZK IUH- LJJLU LUQ. -* h-«

O ZOalaCUJX Zluh-
ac *£uj<<o zaiyocj
ooooo <_»a>-ii—-3luq

LU</>»-» I LULUlJ. Jt-*|— Clt-aC
qluXoooOqc<i—< •2aj
>^2:v-oo<<^0^<aCUJQS<
00^ QU.U.00 QCX>QCO<
H-OLUOCcta: U.3H3 -*0
3MCQOODLUQh<KJQt-

-OXZ3 oOoOCO <0O<<
ll f—^-a: ojjoo q^ziccs

* lUQ^Q^t— </) <2)LUqCLUO
Q_IZ2uulu oCKZQlluZ-J
U-WZZHZLUtOt-tZIZU.

O <UJH23<>UjQUJh»H
OLU32 ««aujZ:X2rH- 2!

CO JJ rnQO LULU<
oi^lucScolulu _ja.H-co^tu
C0l-c0023coc00 H tOZ^3^
3 DJhDDO II LU<I— H-00
'—It!— I—->-!> OC-I

11 11 zzaa 11 11 'i

11 u. 11 11 11 11 -tHoa
O 5m JJOU2QI-

QGXOO<<<<OOQ. COh-i

o
o

I II

I -I
I
~»

lm)<~)u<->l-il-><->l^<-)uu<-><-n-)l->u<->

1 O
1

1

1

1

CO

LU I O
00 1 a

1

»* 1

INI 1

rsl

O
1

1

O i

a cm
• _i *
o a. *
o * —
«o a. »o •
r0-»0 c\i»-hOc\j#mo "vi-as
-.^._i~— .* # a
t-«3 LU _JQ HI »-t-«
>*_iQt-iMQ.ai-
H-ii.

I
wK--**'-

OHUbQ I t-K-*

O X<QoOO_J-JOl
-J II 00 11 o II ~<i< II

>-«-jx 11 11 a II Q II II II
*-«

11 11 -jatcoxoH-^H-iax

>k <a *
a -«

o 00
a —
-J v»

•US'*

—oOX—

1—a.<_i
I *—~

»

OoO>oO
wjZ3
II <:-• 11

3: II -*H.

00<OOjC

a

o
LU
00

3
a.

h-

o
a.

LU

a 1-1

a<
o < *
o -Q

_j i 11 1

*

o
LU I

-I I

• I

I- I

00 I

3 I~ I

I

±\

UJO00
cNim
COCO

<
Io

•-U

00

J
vfoo

• CO^ m •» ••

ai
O0 LU

o
II

<*
<
o
luu.ce:
oOi-i.S

I

I o
I >u
I 00

I

rsj |

rvl I

rNl I

I

LULU

ctrctt

^j^^j^i^iu

166,





000000000000000000000000000000000000000000000000
r0-4, LTV-0r*00OOt-4(>jr0^,ir\-Of^000>O—«fNlrO ^m-OH- 0>0^^cgrO>l, ir»xOr,»coO>Or-4(Mr^^Ln-Or>»ooc>0

QoaooooaaQQaQaooaQaaaoaaaQooaaooaaooaoaaaaaooaQa

oO

o
O

a:
Q
H
O
LU
oO

az
«

a
QC

a.
<x zQ •-•

00 <
a.

XO H
z a
< CO

2 LU

at O
-. •-.

H oo
LU Z
X ~»

<z
3E2 -J H
QX -» o
OOtO < LU

o 00
A M«oo 00
>r»r» »*
COCO | X
• •» • 1—
-iJ^JlU |—Ol

Zl
LUUJm I

»—»—*— 1

»-I^.Z 1

OCoCO 1

32L) I m
I

1 o
1 LU

o • oo
p-M»

Ho
LU
-o

•u
X

oO
LU
3D

o

a:
a
H
O
LU
00

X

33

LL

IOCM3
ujcosac
oCoco

00
aj
CO
o

(\JZ

*H2
LUO

QC

oo«*
LU
COf—
o<

LULL
LULUU.

oo
_)LU S

O Z QCaCO
<s uu. luluoc
OQC LULL. LU

»-«OQCQC Q. OOOOLU LUO
HHoaaca.2:2:zzzLuo»-»
aCOHLUOS:LUO<<QLU 00

luluujo hluh«-»ocqc aj
>oOLULUOH luj-hhoOoC

oolulu H < aSO
a_z< ooohluluh-h oc a.
zh* <o '-u_jco<<s:uj<^
IU LU <OHOLUUJHLU :>
HZOU-aC ZOt-XX^ooZ
a oluz*-«o z*-izz^s lu>-« a£xsa< o

OH0300 HHLU-JOHaC3:
*-»<qCOZ3:Zzh«-i»-« hOoCochlu
h-O aC<0<<OLULUOO OUiLUZX
<0<t QCQC—JOO <HU_COcO<
oco <h oo luluo< ssjz

ex:

o
Hso

CQLU

o«3
H
COZ

LU
LU
o
o
QC
LU
LU

LUOO
z
<t

CLQC
5IH
LUHH
<

CO

CO

*

LU
QC
o

•~« s:

QC
â
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