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ABSTRACT .

The feasibility of the breed/burn fuel cycle concept,
originally proposed for Pu239/U FBR applications, has been
evaluated for use in a U233/Th fueled pebble bed HTGR. Be-
cause of its excellent neutron economy, its versatility with
respect to fueling strategies and the high fuel burnup
achievable as well as the ability to approach continuous
fueling operation, the '‘pebble bed HTGR was judged to be the
best suited, of reactors currently of commercial interest,
for implementation of the breed/burn fuel cycle in a thermal/
epithermal system. .

Three necessary (but not sufficient) criteria for success-
ful system operation were defined: (1) achieving system criti-
cality, k> 1.0; (2) achieving a breed zone fissile production
rate such that the asymptotic enrichment attained in the breed
zone and the end-of-life burnup in the burn zone (expressed
in percent) are related by easy > Bgor; and (3) accounting for
zone-to-zone leakage by providing adeguate excess reactivity,
shown to require that k_ > 1l.5.

State-of-the-art computation metheds, PDQ -7/AMPX, were
"employed for the analysis of homogeneous breed/burn pebble bed
HTGR regions. Breed zones achieved their highest asymptotic
enrichment (~3.5%) for carbon-to-heavy metal atom ratios,

C/HM = 110; when charged to the burn zone this maximized

ke (*1.3). Highly-moderated burn zones (C/HM = 450) were most
able to attain high fuel burnups ("~100,000 MWD/MTHM) while
sustaining the highest possible values of ko . NO combination
cf the compositions evaluated here (110 < C/HM > 450), however,
were able to achieve the k, (k, > 1.5) required to overcome the
effects of zone-to-zone ‘eakaqe For these composxtxons then,

P T e —

successful operation of a breed/burn system was not possible.

Further study of reactor systems operating with very hard breed
zone eipthermal spectra (C/HM < 110) should be undertaken if a
feasible breed/burn system is to be pursued since i%t was found
that asymptotic zone enrichment reaches a maximum in a spectrum

between that typical of a hard-spectrum HTGR and soft-spectrum
LMFBR.
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ABSTRACT

The feasibility of the breed/burn fuel cycle concept,
originally proposed for Pu239/U FBR applications, has been
evaluated for use in a U233/Th fueled pebble bed HTGR. Be-
cause of its excellent neutron economy, its versatility with
respect to fueling strategies and the high fuel burnup
achievable as well as the ability to approach continuous
fueling operation, the pebble bed HTGR was judged to be the
best suited, of reactors currently of commercial interest,
for implementation of the breed/burn fuel cycle in a thermal/
epithermal system.-

Three necessary (but not sufficient) criteria for success-
ful system operation were defined: (1) achieving system criti-
cality, k_ > 1.0; (2) achieving a breed zone fissile production
rate such’ that the asymptotic enrlchmen; attained in the breed
zone and the end-of-lite burnup in the burn zone (expressed
in percent) are related by epgy > Bgop:; and (3) accounting for
zone-to-zone leakage by providing adequate excess reactivity,
shown to require that k_ > 1.5.

State-of-the-art computation methods, PDQ -7/AMPX, were
employed for the analysis of homogeneous breed/burn pebble bed
HTGR regions. Breed zones achieved their highest asymptotic
enrichment (+3.5%) for carbon-to-heavy metal atom ratios,

C/HM = 110; when charged to the burn sone this maximized

ke (v1.3). Highly-moderated burn zones (C/HM = 450) were most
able to attain high fuel burnups (*100,000 MWD/MTHM) while
sustaining the highest possible values of ko . No combination
of the compositions evaluated here (110 < C/HM > 450), however,
were able to achieve the k, (ko > 1.5) required to overcome the
effects of zone-to-zone leakage. For these compositions then,
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successful operation of a breed/burn system was not possible.
Further study of reactor systems operating with very hard breed
zone eipthermal spectra (C/HM < 110) should be undertaken if a
feasible breed/burn system is to be pursued since it was found
that asymptotic zone enrichment reaches a maximum in a spectrum
between that typical of a hard-spectrum HTGR and soft-spectrum
LMFBR.
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I. INTRODUCTION

1.1 Foreword

In the past the general public has understood the term
"nuclear proliferation" in a restricted sense, referring almost
exclusively to the widespread deployment of nuclear weapons
throughout the world. The realization that a growing number of
foreign countries are operating cémmercial nuclear powered
electrical generating stations and the implied relationship be-
tween nuclear electric plants and weapons has resulted in a
broader interpretation of proliferation. In the United States,
this interpretation has achieved the status of official govern-
ment policy and has led to both national and international
reassessments, e.g. the Nonproliferation Alternative System
Assessment Program (NASAP) and the International Fuel Cycle
Evaluation (INFCE) efforts. The question of the safeguarding
of sensitive nuclear materials has become a major area of
emphasis in furthering the development and application of the
nuclear fuel cycle for commercial electrical production.

Previously it was envisioned that light water reactors
(LWR) would serve an interim role as precursors to fast breeder
reactors (FBR). This status is testified to by the omission in
most of the older long range systems studies of "advanced LWRs."
Until such time as FBRs could become commercially feasible and
sufficient fissile reserves could be bred to permit their
widespread deployment, LWRs were to be the mainstay of commer-

cial nuclear power.

S e e e e e—— —
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Currently, however, the transition to a breeder economy
is not envisioned for the United States, at least in the
short term, so it is prudent to consider other options to
meet the needs for a growing electrical generating capacity
[N1l]. Since the objectionable feature of the FBR is that it
utilizes fertile uranium-238 (U238) to breed large amounts of
fissile plutonium, new options must permit utilizing nuclear
fuels in such a manner that the production of and/or commer-
cial traffic in materials suitable for weapons applications is
minimized at all levels.

The dilemma posed by this objective is highlighted by
rising oil prices and limited and unevenly distributed national
energy resources. Many nonnuclear weapons states, desiring to
provide for their own growing energy needs, have opted to
develop civilian nuclear power programs. In the United States,
the lack of expansion of enrichment capacity or the commercial
deployment of reprocessing and mixed oxide fabrication capabil-
ity has increased the economic and commercial incentives for
other countries to develop such capabilities independently ([P1l].

In view of the above considerations, development and evalu-
ation of the commercial feasibility of schemes utilizing the
nuclear fuel cycle in a manner so as to minimize proliferation
risks, while providing suitable economic and commercial incen-
tives for their widespread deployment, has become an important
national and international objective. It is the purpose of the
present thesis to evaluate one particular class of prolifera-

tion-resistent fueling schemes; here designated the "breed/burn”




4 -13-

concept. As will be discussed further, in its fullest develop-
ment this scheme would allow charging only fertile material to
a reactor after initial startup and dispatch of fully spent

fuel to disposal rather than reprocessing and reuse.
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1.2 Background

Throughout its history, commercial nuclear power in the
United States has been subjected to several periods of chang-
ing emphasis. To the public utilities, short term fuel cycle
costs have always been a most important consideration. While
long~term trends are reviewed and evaluated, the utility
always seeks to minimize the current costs of electricity to
the consumer, hence causing the short-term economic consider-
ations to dominate. Indeed, the very practice of present
value discounting emphasizes the short-term.

National energy planning, on the other hand, is concerned
with being able to insure the availability of adequate energy
resources within reasonable economic limits for the very long-
term. With specific application to the nuclear fuel cycle,
although most quantities of high-cost fissile uranium in the
earth's crust can conceivably be considered a source of energy,
the cost of utilizing it is prohibitive. In this light, a
more economically viable solution to the long-term energy
supply problem is to produce most future fissile materials by
irradiating fertile materials in the fuel elements of a nuclear
reactor. However, to accomplish this without relying on the
commercialization of the FBR, it becomes necessary to operate
other types of reactors as near- or net-breeders.

Current pressurized water reactors (PWR) operate with
conversion ratios on the order of 0.60 [Dl] on the uranium-238
fuel cycle. High temperature gas-cooled reactors (HTGR), how-

ever, typically operate with thorium-232 (Th232) to uranium-233
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(U233) conversion ratios of 0.76 [Dl], based on optimization
of near term economics. Conversion ratios of 0.84 are feasible
and favored for ore conservation, however [Dl], and even

higher values are readily obtainable [L4,R2,S3]. Thus, we will
focus on this inherently superior class of reactors in the pre-
sent study. Most HTGRs built or designed to date utilize a
highly enriched uranium/thorium (HEU/Th) fuel cycle which
necessitates uranium-235 (U235) enrichments as high as 93%.
Obviously, to meet nonproliferation objectives, alternatives

to this fuel cycle must be evaluated.

The HTGR coated-particle fuel design allows a variety of
alternative cycles, each having characteristic advantages and
disadvantages in particular circumstances. Designing alterna-
tive fuel cycles that can use the same core layout, fuel zoning
and fuel blocks as the HEU/Th cycle means that conversion from
one fuel cycle to another can be accomplished in available
plant designs merely by replacing fuel blocks in each segment
with alternative cycle blocks during the course of the regular
refueling sequence. Since the parameters of fissile-to-fertile
and heavy metal-to-moderator atom ratios control the conversion
ratio of the reactor system, the versatility of the HTGR makes
it a logical choice for tailoring fuel loadings and burnups,
based on changing economic and resource availability conditions.

Even more versatile and convenient for implementation of
alternative fuel cycles among the advanced HTGRs is the pebble
bed reactor [L4,Tl]. The injection-molded spherical graphite

fuel balls used to fuel this system can easily be fabricated

PR
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with any desired fissile or fertile fuel density, and immedi-
ately be introduced into the continuous refueling cycle.
Operating an HTGR as a near-to-net-breeder utilizing the
thorium fuel cycle requires low power density operation with
heavy thorium loadings. Since operating trends are dictated
by short term energy costs, obtaining a maximum conversion
ratio and better fuel utilization is not necessarily a desirable
near term goal. In obtaining a higher conversion ratio, in-
creasing the thorium loading in the core while decreasing the
core power density and fuel residence time would incur off-
setting economic penalties which in turn may or may not be

balanced by the advantages of improved fuel utilization. The

penalties would depend on projected economic conditions, the

:} projected availability of uranium ore, costs for separative

: work, reprocessing and recycle, and transportation and disposal

| costs.

| With increasing thorium loading, alﬁhough an increase in
the conversion ratio will be realized, a higher fissile inven-
tory is also required. The resulting higher initial costs will
be attractive if sufficient money is saved over the life of
the reactor. This outcome is favored in an economic environment
where large price increases are projected for fresh feed fuel.

Lowering the core power density in an HTGR will result in

tional volume is available for fertile thorium loading, pro-
ducing the same net result as previously described. Addition-

|

|

|

:

|
3 l a larger core volume for a given thermal output. Hence, addi-
' |

{

l

! ally, neutron utilization is improved due to a reduction in

A A T, Y IO 00 M . g,
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losses to xenon-135 (Xel35) and protactinium-233 (Pa233) [K2].
The larger reactor volume will increase initial capital invest-
ment and will also change the required coolant pumping power

of the system. Keeping the coolant temperature increase con-
stant across the core while maintaining similar height-to-
diameter ratios, the larger, low power density core will require
a higher coolant mass flow for a given thermal output. Because
the HTGR uses helium as its primary cooling medium, very high
coolant mass flow rates require that a significant fraction of
the plant power output be utilized in operating the coolant
pumps. Therefore, a variation in the core power density that
will increase the pumping requirements can add a sizeable
financial burden to the overall operating costs.

In addition to the HEU/Th fuel cycle, the use of a uranium-
233/thorium (U233/Th) cycle, a low-enriched uranium (LEU) cycle
or various plutonium/uranium (Pu/U) or plutonium/uranium/thorium
(Pu/U/Th) fuel cycles are also possible in the KTGR [Bl,S3,Tl].
For all of the options the reduced total uranium ore requirement
achieved by increasing the conversion ratio requires accepting
either a higher capital investment or higher operating costs
in other areas.

The present work focuses primarily on the U233/Th cycle
(because of its well known superiority in thermal and epi-
thermal systems) and the possibility of its utilization in a
system designed to accomplish most key nonproliferation

objectives. Since U233 is required as the initial fissile

loading in this cycle, the resource conservation is not direct,




but rather indirect. To provide the initial U233 loading,
adequate fissile production in prebreeders, operating expressly
for the production of U233 is required. To accomplish the
objectives of nonproliferation effectiveness we will evaluate
the feasibility of using the U233/Th cycle in either the
internally recycled or the "Once-Through-Then-Out" (OTTO)

modes in a pebble bed reactor system [T1l].

In the projection of any long-term energy strategy, the
extension of uranium resources must be considered as most
important, even in view of the increasing relevance of the
objectives of nonproliferation. The present work, however,
will attempt only to evaluate the feasibility of a single
scheme for effectively providing a viable solution to the
proliferation problem of safeguarding sensitive nuclear
reactor materials through all steps of the fuel cycle without
regard to its long-term effects on either the utilization of
resources or the economics of implementing such a scheme
commercially. However, because breakeven breeding is neces-
sary to fully achieve the nonproliferation objectives, long-

term ore utilization should be quite efficient.

1.3 Previous Work

The use of the breed/burn concept was proposed by Fischer

et al [Fl] for implementation in a reactor operating with a

hard spectrum core. Depleted uranium monocarbide feed fuel would

be introduced to breed fissile plutonium, and after a period

of residence in the hard spectrum the fuel, now slightly
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enriched, would be moved to the more thermalized outer region of
the fast core. Energy would be generated as the fuel burns

to a design-dependent burnup limit while the fissile-to-fertile
fuel ratio is reduced toward the equilibrium value for that
neutron energy spectrum.

The present work extends the concept of the breed/burn
cycle to assess the feasibility of its implementation in the
thermal/epithermal spectrum of the HTGR. Nonproliferation
Objectives of reducing fissile enrichments can be realized
in addition to the benefits of decoupling this type of reactor
from breeders and the constraints related to reprocessing
facilities. The exception, of course, is the need to obtain
the initial startup core, here requiring a substantial U233
inventory.

The introduction of this fueling scheme into the pebble
bed reactor system provides the ability to readily adjust the
core neutron spectrum simply by varying the moderator-to-
fuel (carbon-to-heavy metal) ratio. Additionally, core
zoning (establishing separate breed and burn regions) can
easily be accomplished in this application. A given ball,
during its lifetime, would reside in two distinct regions.
Radial zoning would make coolant temperature control difficult.
Since the breed zone would operate at a lower power density
than the burn zone, cold coolant bypass would degrade the bulk
core exit temperature. Therefore, the core will be divided

into axial zones, allowing it to be seen that for a fertile load

ball, the "breed zone" can be defined as that region of the
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reactor in which the fissile concentration of the ball is in-
creasing. Similarly, the "burn zone" is that region in which

the fissile concentration decreases. The desired breeding and

burning effects can be accomplished by operating the breed zone
in a predominantly epithermal spectrum. Thus, in its lifetime,
a fertile-fueled ball would travel through both zones, enter-
ing the thermal burn zone (together with pure graphite balls
necessary to attain the desired moderator-to-fuel ratio)

after first passing through the breed zone (which contains

only fueled balls). A schematic diagram of system operation

is illustrated in Figure [l.1].

In successive passes through the breed zone, the concentra-

tion of U233 is built up to the maximum possible amount for

i the given spectrum. It is then cycled (with additicnal gra-

k| phite-only balls) into the burn zone, again being recycled

1 for successive passes until a design-limited burnup is

| attained. At this point the depleted balls are removed from

bi | the system for disposal.

%l Operating on this type of fuel cycle, the proposed reactor
would allow very high burnups, and as a result, the total

_ fissile enrichment of the discharged balls would be very low,

[’

particularly if the number of passes could be minimized,

in which case discharge compositions approaching those of the

OTTO cycle could be envisioned. If the reactor core can be
adequately segregated so as to maintain distinct breed and

burn regions, then the practicality of achieving the proper-

retieii e ———————
. -

ties sought by Fischer et al can be evaluated.
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Work on HTGRs has been devoted mainly to the use cf the
HEU/Th fuel cycle, both in traditional graphite block-element
reactors and pebble bed systems. Many alternative cycles,

previously noted, have also been investigated more recently

and in less detail, both from their ability to meet nonpro-
liferation objectives as well as their respective roles in the
extension of uranium resources. Current studies [D2,T1,V1]
are focusing on the flexibility of the HTGR fuel cycle, which
permits it to adapt to variations in fuel materials relatively
efficiently. While favorable in many respects, this feature

also makes it difficult to determine optimal strategies. This

extra flexibility, relative to other reactor types, results

H from the particle loading system, which allows one to vary

the fertile and fissile loadings almost independently and also

; to adjust the rescnance shielding, not only by varying the

size and loading of the fuel elements, but also by adjusting

B Dhedec o 4 dnods Yo

b the dimensions of the individual fuel kernels [D1l].
Utilizing this flexibility it is possible to operate

HTGRs with conversion ratios slightly greater than unity

[R2,S3]. But considering resources and economics, the high
fissile inventories required and the resulting recycle losses
have made fuel designs with conversion ratios on the order
of 0.9 appear more promising [S3], because near this value,
burnup and processing losses reach a minimum [Dl].

Fuel cycle optimization in the HTGR has traditionally been
‘ most heavily concerned with minimizing fuel cycle cost. It is

clear that this apprcach does not fully utilize the potential

TR TR . H | ETRES AN DR > eI SRR | T
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in the HTGR for resource conservation through the use of the
U233/Th fuel cycle. To obtain a breeding system with this
cycle, if less than n-2 neutrons are lost to parasitic ab-
sorbers, then after one neutron is utilized in sustaining
criticality, one additional neutron is available for absorp-
tion by the fertile thorium to produce, after B-deca. a

new fi~sile U233 atom. The selection of the U233/Th cycle
for r .s application is clear when the spectrum-averaged

neutron yield per absorption, shown in Table [l1.1l], is ccn-

sidered for this reactor type. For various carbon-to-heavy metal

atom ratios (NC/NHM) only fissile U233 has a value of n ade-
quately high to allow breeding.

The high flexibility in the design of fuel elements and
the reactor refueling scheme in the pebble bed HTGR has made

its use as a thermal breeder possible [R2]. Using highly

enriched U233 ((U233/U)=0.9) produced in a prebreeder as feed
fuel, thick radial blankets of thorium, high heavy metal load-

ings in the fuel elements and relatively low heavy metal burnups

will allow the pebble bed system to be self-supporting; inde-
pendent of uranium resources after the first core inventories
have been built up. Such designs have been shown to achieve

conversion ratios greater than 1.05 [R2].

OCther studies [T1,V1], dealing more with nonproliferation

and ore conservation strategies than with breeding potential
have shown that proliferation resistance is best achieved in
the low-enriched mixed oxide cycle (mixed uranium/thorium

oxides with U235/U= 0.20). Reactor loading is restricted to

PR PR Ty
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TABLE 1.1
SPECTRUM-AVERAGED NEUTRON YIELD

PER FISSILE ABSORPTION*

CARBON-TO-HEAVY METAL

- t
FISSILE ATOM RATIO (NC/NHM)
ISOTOPE 110 250 325 450
U233 2.209 2.240 2.246 2.253
U235 1.928 1.989 2.001 2.011
Pu239 1.775 1.788 1.791 1.794
n___\JO'f

Ga

C/HM ratios correspond to spectrum averaged cross-
section data given in Appendices B and D.
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non-sensitive materials while 95% of the bred fissile plutonium
is burned in situ [T1].

Resource conservation, however, is most favorable for OTTO
cycles using highly-enriched U/Th mixed oxide ((U235/U) =0.93)
fuels designed for burnups of 100 to 130 GWD/MTHM [T1].

From the above discussion, it can be seen that the wide
latitude of compositions and fueling schemes available in the
HTGR allow considerable breadth in designing strategies empha-
sizing objectives of proliferatior resistance, fissile breeding
potential, uranium resource conservation or fuel cycle econom-
ics. Each strategy has characteristic advantages and disadvan-
tages, depending on the design criteria for the chosen fuel
cycle. The breed/burn concept, when applied to the pebble bed
HTGR system, combines the objectives of nonproliferation and
fissile breeding. It is anticipated that the HTGR system can
best provide the versatility needed to devise such a scheme. for

a thermal/epithermal system.

1.4 Outline of Present Work

The main body of this report consists of three chapters.
Chapter 2 discusses the operation of the breed)burn fuel cycle
in the pebble bed system and the relationship of the neutronic
parameters of the two regions. Additionally, an evaluation is
made of the potential of the pebble bed system for successful
operation utilizing the breed/burn concept using one group
models. Discussion is presented of the effects of spectrum

hardening on the rate and amount of fissile breeding obtainable.
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Chapter 3 describes the computational methods used for
evaluation of the reactor system, nuclear data input, cross-
section generation anﬁ the reactor model.

The results of the analysis are discussed in Chapter 4
with regard to reactor criticality, burnup limits and rates
of fissile production as a function of composition. Possible
modifications to the system are suggested.

Chapter 5 summarizes the analysis and reiterates the main
conclusions. Recommendations are made for future work. Appen-

dices containing supplementary information are also included.

..
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II. BREED/BURN OPERATION

2.1 Introduction

The pebble bed HTGR is expected to provide the best avail-
able system for implementation of the breed/burn concept into
a thermal/epithermal reactor because of it compositional
flexibility and high burnup. In order to utilize the breed/
burn fuel cycle in this system, the feasibility of operating it
as a two-zone reactor will be investigate. Dividing the
core axially will allow the two zones to exist in harmony with
the flow~-through fuel cycle, such that all fuel elements will
move through both zones during successive passes through the
core.

The purpose of this chapter is to consider the effects of
various parameters on the rate of U233 production in the breed
zone of such a system and to evaluate the potential for success-
ful operation in the pebble bed HTGR. Possible modifications

will be discussed to enhance system performance.

2.2 Breed/Burn Potential for U233 Production

The objective is to determine if, in fact, it is a feasible
consideration to attempt using the breed/burn system in a peb-
ble bed HTGR. For this analysis, the system considered will
alternate breed and burn regions axially for the length
of the reactor. The pebble bed HTGR is a very large, low
power density system, and hence the net neutron leakage from

the core is relatively low. By varying the composition
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and geometry of each region, the respective neutronic charac-

teristics of the zones can be altered, thereby changing the

internal leakage between zones and hence changing the operating

envelope of the entire system.

First, an analytical method will be used to evaluate the
parameters having the greatest effect on the rate of fissile
breeding, and then the entire system will be evaluated for its

overational camabilities.

2.3 Factors Affecting the Breeding Ratio

The customary index of fissile breeding (here of U233

from neutron capture in fertile Th232) is represented by the

breeding ratio, b, defined as:

e 2

e Rate of fissile production in the system
Rate of fissile consumption in the system

01‘,

l c 02 +C 02
C bz
b = {2.1)
' A 23 Y 23
‘i c bz
E |
r where C = neutron capture rate in the species indicated,
i A = neutron absorption rate in the species
| indicated,
I
f c = burn zone
b and bz = breed zone.

For simplicity in this analysis, the effects of only the

most significant materials will be considered. While it is




4. W,

-29-

realized that a rigorous approach which would include the pro-
duction and depletion of protactinium and U235 and the deple-
tion of Th232 could yield more precise conclusions, the
factors controlling the rate of fissile U233 production can
be examined adequately by this more simple analysis.

In each region a neutron balance can be written as:

Production = Losses + Absorption + Leakage

which, for the burn zone, is given by:

- 23 = 02 _ 23 02 23 02 P
ch +vFC —-Lc+5’c +Fc +Cc +Cc +Ac. (2.2)

Similarly for the breed zone:

F, 23435, %2 4, =F +F +C +C

bz bz c bz bz o

(2.3)

F = fission rate in the species indicated,

neutron leakage from the region indicated

L
]

and A" = parasitic absorption.

Combining these terms the breeding ratio of the system can be

expressed as:

=15 17" A7
e, Bftcur - pmedary e s
s s
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where Ot mean neutron yield per fissile absorption in the

system
! Fs23
=V (2.5)
A523
and s = sum of indicated interactions in the breed
and burn zones.
Similarly, the breeding ratios for the burn zone alone
and the breed zone alone, respectively, are given by:
SEE T Peali Vo
bc = n, + z 73 - S 53 1 (2.6)
s s
(v-1) szo2 AbzP
and bbz s s + >3 - 53 1l (2.7)
A A
s s
| 5 Fcza
, where W ™ T?T (2.8)
| S
i v Pb223
3 and Mg ™ =y . {2.9)
d As

Equations (2.4), (2.6) and (2.7) are composed of three main

T

terms. The first term, n, dominates the expressions, and
hence increasing n will increase the breeding ratio proportion-
ately. This can be accomplished by hardening the core neutron
spectrum through an increase in the concentration of the

fertile and fissile species. That is, lowering the carbon-to-

TN Y

heavy metal (C/HM) atom ratio and thus decreasing the modera-

tion results in a harder neutron spectrum.
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The second term, (V-1) FOZ/A23, represents the gain in
n due to fast fissioning of fertile material. Because of the
small threshold fission cross-section of Th232 this term is
relatively small.

The third term, AP/A23, represents the neutrons lost to
parasitic absorption and leakage and hence is negative. Thus,
the objective of increasing the amount of fissile breeding
necessitates minimizing the amount of parasitic absorption
and leakage losses. Fuel material absorption cross-sections
and those of structural materials, therefore, become important
design considerations. From this analysis we must conclude
that in order to increase the breeding ratio in our system a
hardened neutron spectrum is generally favored since it mini-
mizes parasitic absorption and maximizes neutron yield, as will
be shown in succeeding sections. Leakage losses may or may
not be improved, however. The first design strategy clue is
then to obtain as hard a spectrum as practical in both the
breed and burn zones within other constraints. Because we
want to be able to produce adequate masses of fissile material
in the breed zone to fuel the burn zone, our attention
focuses on the parameters of the breed zone. .t is realized
at this point, however, that the two zones will have significant
coupling in their characteristics. That is, considering a
given number of neutrons in the system, favoring neutron avail-
ability in one region will decrease the effectiveness of the
other. 1If the breed zone is, under any conditions, unable to

breed adequate masses of U233, then the neutron balance in the
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burn zone will still be unable to effect satisfactory svstem

operation. It is for this reason that the breed zone para-

meters will be examined in more detail.

2.4 Breed Zone U233 Conversion

To some degree, breeding of U233 will occur throughout
the reactor. In applying the breed/burn concept to the pebble
bed HTGR a criterion for successful operation has been set
that adequate breeding in the breed zone alone can be achieved
to provide sufficient total fissile mass to fuel the burn zone.
Obviously, a simultaneous objective is to maintain system
criticality for a reasonable cycle lifetime. Breeding of U233

in the entire system can be divided into two parts, correspond-

& ing to burn zone breeding and breeding in the breed zone.

For the burn zone:

Rate of fissile production in the burn zone

j Be * Rate of fissile consumption in the breed and burn zones
: Ccoz
! - ' (2.10)
{ (a 23 A 23)

c bz

while for the breed zone:

Rate of fissile production in the breed zone

Pz = Rate of fissile consumption in the breed and burn Zones
: 02
; = 7§bz e 3c T (2.11)
a2 + a %%
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Solving Eg. (2.3) for the neutron capture rate in Th233

in the breed zone:

02 - 23 - 02 23 02 23 P
bz Wor * ¥ Pz “Foz “Cpz ~BApp tL
- 23 02 23 P
= V=L (B, " FFpy ) =Cpp Ay, tL-
. 23 02 8¢ _ . 23 P
Using sz sz +-sz and Abz = Cbz + Abz '

we can write:

- PC
b = i l)sz i I"c 3Abz
bz 23 2 =

(Ac b Abz )

(2.12)

Since the thermal power of an operating reactor is essen-

tially constant, then Ac23‘+Abzz3'

consumption in the reactor, can be treated as a fixed value.

the total rate of fissile

It can be seen then, that Eq. (2.12) expresses the dependence
of the rate of U233 conversion in the breed zone on:

(a) the rate of neutron leakage from the burn region
into the breed zone, [Lc],

(b) the rate of neutron production in the breed zone,
((v-1) F 1 and

(c) the rate of neutron loss in the breed zone, [Abzpcl-

Losses due to parasitic absorption and leakage in the
breed zone have the effect of cancelling the gains made by
the production of neutrons in the zone. It is these factors
that must be reduced while simultaneously increasing the rate

of neutron production in the breed zone to secure high neutron

" :. . T‘:) Yf_‘%;“’%‘?' “ ‘ -~
TG TR SER :
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availability and improve the rate of U233 conversion.

Combining Egs. (2.10) and (2.11) yields:

02 02
_ e + C
bc + bbz = "¢ bz

23 23
By *

(2.13)

which, of course, is the system breeding ratio, expressed in

Eq. (2.1). It is clear then, that the rate of breeding in the
breed zone is increased only at the expense of breeding in the
burn zone. The objective then becomes to optimize the total
rate of U233 conversion for the system, under the constraints
that criticality be maintained -- which will be made more diffi-
cult if the burn zone breeding ratio is small. Since this breed/
burn concept is designed for application in commercial power
plants, high burnups and good ore utilization are essential.

E | Design parameters that will allow the production of U233 in the
required quantities while achieving reasonable fuel element

‘| lifetimes and core power densities must, therefore be considered.

E | ! 2.5 Evaluation of Homogeneous Zone Characteristics

Operation of the breed/burn fuel cycle for the pebble bed
: reactor system has been defined and its operation described in the
preceding sections. To predict more precisely the characteristics

of such a system, the parameters involved in breed/burn operation 1

for homogeneous one-zone regions will be evaluated. This analysis

should show, for a given composition, how a region would operate
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composition on its boundaries.

compositions, power level and system geometry.

[W3]) and hence are inherently large systems.

without the coupling effects (leakage) of a zone of different

Neutron economy in any reactor system is a function of

the ambient neutron spectrum, axial and radial zoning of

The rate of

neutron leakage, being dependent on the size of the reactor,
decreases with increasing core volume, holding other para-
meters constant. For this analysis, to provide the most
ideal and hence a limiting-case representation of the feasi-
bility of breed/burn operation, an infinite-medium model will
be used. Pebble bed reactors, designed in cylindrical geo-

metries, operate at low power densities (typically 5 w/cm3

Reactors having

thermal power outputs currently competitive commercially
(~3000 thh) would therefore have core volumes on the order of
600 m3, and in such cases would have neutron leakage fractions
below 5% [W3]. Using an infinite system model for this analy-
sis, therefore, is not an unreasonable approximation.

For layered zoning of the pebble bed system described in
Chapter 1, both breed and burn zones will be treated here as
uniform, separate regions. In this way, for a given spectrum,
the best possible operating characteristics can be determined
as there will be no coupling effects between regions which
would perturb the spectrum in the vicinity of the boundary.

As shown in the previous section, the breeding ratio for the

system is simply the sum of the breeding ratios in the breed
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and burn zones. Therefore, if one can determine the maximum
amount of breeding possible in a homogenized region, this will
approximate the system—-averaged breeding ratio for a two-zone
reactor in the ideal case.

The pebble bed HTGR utilizes injection-molded spherical
graphite elements, illustrated in Fig. [2.1], fueled with
pyrolytic carbon (PyC) and silicon carbide (SiC) coated ThO2
and 002 microspheres. The balls themselves provide all of
the fuel, moderator, structural material and coolant channels
(free space between balls) necessary for the reactor. There-
fore, in a clean core, the only materials present are those
found in the newly fabricated feed balls, in addition to the
helium coolant. As a function of the carbon-to-heavy metal
atom ratio, the number densities of fertile feed ball materials
are given in Table [2.1] (for calculation of number densities,
refer to Appendix D).

Variation in the carbon-to-heavy metal atom ratio signifi-
cantly alters the neutron spectrum in a given region due to the
change in moderation. One-group constants for carbon-to-heavy
metal atom ratios of 110, 250, 325 and 450 are given in Appen-
dix A, collapsed from the AMPX-generated 4-group cross-sections
given in Appendix C (the AMPX system is described in Chapter 3).
To illustrate the effect of the carbon-to-heavy metal atom
ratio on the neutron spectrum, the spectrum-averaged values

23

for n™", the rate of neutron production per fissile absorption,

given by:

T TS VO G~ Y 35T R b
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TABLE 2.1

COMPOSITION* OF PEBBLE BED FEED BALLS

NUCLIDE

Thorium

Oxygen

Carbon

Silicon

* Number densities in b-lcm

110

2.422E-4

4.844E-4

2.666E-2

6.644E-4

C/HM ATOM RATIO

250

1.041E-4

2.083E-4

2.610E-2

2.857E-4

=i

325

7.872E-5

1.574E-4

2.600E-2

2.160E-4

450

5.702E-5

1.140E-4

2.591E-2

1.564E-4
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the microscopic fission cross-section for Th232, cfoz, and the

microscopic neutron absorption cross-sections for the parasitic

carbon & oxygen
a E g

Table [2.2].

and oa8111con, are tabulated in

absorbers, ¢
It can be seen from these results that the preference for a
hardened neutron spectrum is not immediately justified. The
values given in Table [2.2] are those used in determining the
breeding ratio of the system, expressed by Eg. (2.1). It is
immediately apparent that increasing the carbon-to-heavy metal
atom ratio from 110 to 450 increases n23. This is opposed to
our analysis in that an increase in n23 with added moderation
would cause an increase in the breeding ratio. However, Table
[2.2] also reveals decreases with a harder spectrum in the
absorption cross-sections of the parasitic nuclides and an
increase in the fission cross-section of Th232. These factors
lead to increases in the breeding ratio with spectrum harden-
ing. In fact, while n23 decreases 2% from C/HM = 450 to
C/HM = 110, the macroscopic parasitic absorption cross-section

o

(Zac + Za + zaSL) decreases “36%, while the Th232 fission

cross-section increases ~72%. So although Zg. (2.1) is domi-

nated by n23

, the much larger changes in Th232 fissioning
and parasitic absorption could have the dominant effect on
the breeding ratio. For these reasons it is important to
more carefully consider the effects of the ambient spectrum

on breed/burn operation.




TABLE 2.2

SPECTRUM-AVERAGED HOMOGENEOUS ZONE PARAMETERS

C/HM ATOM RATIO

PARAMETER 110 250 325 450

;e 2.209 2.240 2.246 2.253

b 8.097E-3 6.051E-3 5.446E-3 4.718E-3

PO rhe

3.830E-4 7.095E-4 8.191E-4 9.507E-4

m O

5.306E-4 4.146E-4 3.8l11E-4 3.409E-4

1.358E-2 2.709E-2 3.160E-2 3.702E-2

o 0
P

Cross-sections in barns.
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2.6 Variation in Neutron Spectra

The proposal by Fischer et al [Fl] for implementation of
the breed/burn fuel cycle in a hard spectrum core indicated
that, with respect to breeding ratio, the best results would
be obtained if the ambient spectrum was hardened as much as
possible. 1In considering the pebble bed HTGR, our first indi-
cations verify Fischer's claims for the preference of the
hardened spectrum. It has now become necessary to justify
this claim more fully if it is to be used as a design objec-
tive for thermal reactor versions of the breed/burn concept.

Two criteria for successful operationmof the breed/burn
cycle have been established: (1) the ability to maintain
system criticality, and (2) the ability to breed adequate
fissile mass in the breed zore to fuel the burn zone. The
second objective is solely a function of the breeding ratio in
the breed zone. Maximizing the rate of U233 conversion by
increasing the parameters in Eq. (2.1), as described in the
previous section, makes it easier to achieve the second goal
alone, if adequate exposure time can be provided by artifi-
cially satisfying the first objective. However, when the
criteria for successful operation must be satisfied simul-
taneously, it is realized that the optimization of one
parameter detracts from the ability to satisfy the other.

By this reasoning, Fischer et al, in achieving both
breed/burn operation and the highest breeding ratio possible,
might not be able to maintain criticality in their overall

system. If this is the case, operating a breed/burn cycle

YTy ——"
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becomes a futile task. Then, not only must the factors in-
volved in obtaining a high breeding ratio be cgnsidered, but
also those factors affecting the criticality of the system.

Sheaffer et al [S1l] have correlated microscopic cross-
sections with the ambient neutron spectrum in fast reactors
by defining a spectral index parameter, S, given by:

vI
TR e - T (2.15)

vzf + gztr
Physically, S is a measure of the average neutron energy in
the core population. Cross-sections, as a function of S, are

given by:
o = o,89 (2.16)

where 9, and g are constants appropriate for the indicated
nuclide and cross-section (the constants oy and g are tabula-
ted in Appendix B, Table [B.l] for the materials used in this
analysis). The correlation expressed by Eg. (2.16) was devel-
oped for application to fast reactor systems and has been
verified (with very good accuracy) for values of S in the
range 0.3 to 1.0 [S1l] (corresponding to a wide range of fast
reactor spectra, from oxide-fueled LMFBRs to metal-fueled

GCFRs). Sheaffer's method can be used to evaluate breed/burn

performance in FBR systems.
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The ability of the system to breed fissile enrichments

suitable to fuel its fast core must be investigated. In any

breeding system,

if it was assumed that the neutron flux could

be maintained artificially, then the system would eventually

achieve a conversion ratio of 1.00, at which time the rate

of fertile neutron capture would exactly equal the rate of

fissile destruction by neutron absorption.

Thus,

the system

would maintain an asymptotic fissile enrichment limit which

would be the maximum possible enrichment compatible with the

ambient spectrum.

If the fertile capture rate is equal to the fissile ab-

sorption rate:

Ncc [0}

ertile £1i

ssile

(2.17)

Neglecting all heavy metals except the principal fertile and

fissile species,

Combining Egs.

asymptotic fissile enrichment,

cross-section ratio ¢

€asy

the fiss

ile enrichment, ¢

NflSSlle

€ = -
Nfl

5511e_+§fert11e

, can be defined as:

(2.18)

(2.17) and (2.18), an expression for the

c

fer
O¢

€asy’

fertlle/o fissile i

a

fissile

tile
/94

as a function of the

1l + (oc

fertlle/caflsSLIe

;-

R ——




For a plutonium-239/uranium-238 system, Eq. (2.19) becomes:

oc28/°a49 sre
e = -
ASY A % (°c28 49

and similarly for a U233/Th system:

02
O /o

23
a
02

€ =

/0 )

i (OC z

With these approximations the practical end-of-~life (EOL)

fissile enrichment, € , Obtainable with high fuel burnup

EOL
in a breed/burn system, can be roughly estimated.

Consider the following conceptual picture of breed/burn
operation: pairs of physically identical fuel elements exist
-- one in the breed zone and the other in the burn zone. The
fissile enrichment in the breed zone at end-of-cycle must
equal the fissile enrichment in the burn zone at the beginning-
of-cycle if a "stand-alone" breed/burn cycle is to be feasible.
For every fission in the burn zone element roughly one excess
neutron is produced which can be used to produce fissile
material in the breed zone element. Since both elements have
very nearly equal heavy metal contents, the maximum percent
fissile enrichment in the breed element is equal to the percent
burnup in the burn zone. That is, for breed/burn operation
(in %):

Bc[MWD/MTHM]

€ = ¢ 2 (2.22)
BOL EOL, , 109 _
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The potential of different reactor types is as follows:

LWR: ¢

BOL'\' 3%;

BEOLN 30,000 MWD/MTHM = 3%

HTGR: €

BOL"‘ 9%; B

EOLN:IZO,OOO MWD/MTHM = 12%

LMFBR or GCFR: € L’\:lS%; B

BO LﬂalOO,OOO MWD/MTHM = 10%.

EO
This information is illustrated in Fig. [2.2], where it can
be seen that the potentially feasible breed/burn systems would
be those operating below the line, whereas those above the line
would not be feasible. The circumstances indicated in Fig.
[2.2] are, in fact, a large part of the motivation for investi-
gating the HTGR as a breed/burn reactor in the present study.

Since the cross-sections of the fertile and fissile
species vary with the ambient spectrum, Eg. (2.19) can be
used to estimate the attainable asymptotic enrichment limit
for any given system. This limit indicates for a reactor
operating with the breed/burn fuel cycle, whether to harden or
soften the ambient spectrum. A high asymptotic enrichment
would imply that relatively short burnups would be required
to achieve a desired enrichment value, whereas a low asymptotic
limit would mean that if a beginning-of-life enrichment was
required near the asymptotic value, then very high burnups
would be essential to achieve that limit. This argument adds
preference to those spectra whose asymptotic enrichment limits
are as high as possible.

From Eg. (2.16), crcss-sections can be determined for any

given fast reactor spectrum (composition). For this analysis,
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the following approximation is used:

o fertile B fertile
c a

which, from Eq. (2.19), yields:

fertile fissile
Ta /ca

1 4 (oafertlle/oaf1551le

>

€asy

)

This approximation overestimates the value of €asy and there-
fore yields a conservative upper limit for the asymptotic
enrichment. Listed in Table [2.3] are values for €asy’ using
Eq. (2.24); calculated for spectra varying from S=0.3 to

S=1.0. Also tabulated are values for fissile n, given by:

n=—= (2.25)

for the indicated fissile species. It is clear from the data
in Table [2.3] that values for fissile n for both the Pu239/U
and U233/Th systems increase with spectrum hardening, justify-
ing the claim of Fischer et al that harder spectra will yield
better breeding potential. This alone, however, does not
justify the preference of the harder spectra for the breed/
burn concept. 1In fact, because a balance must exist between
fissile breeding and system criticality, the asymptotic fissile
enrichments, illustrated in Fig. [2.3], indicate that the

softer fast reactor spectra would be preferable. Operation
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TABLE 2.3

ASYMPTOTIC ENRICHMENTS AND FISSILE n VALUES

0.5

0.6

0.7

FOR FAST SPECTRA*

0.1388

0.1210

0.1085

0.09918

0.09190

0.08591

0.08097

0.07675

23

2.175

2.224

2.264

2.296

2.324

2.348

2.370

2.390

€ASY
0.1480
0.1368
0.1286
0.1223
0.1172
0.1128
0.1091

0.1059

L]

2.308

2.415

2.502

2.574

2.638

2.694

2.744

2.790

*From Sheaffer et al [S1l] correlation: cross-sections
are listed in Table [B.2].
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can, in this case, achieve much higher fissile enrichments for
a given burnup than can a system operating in a much harder
spectrum. For a Pu239/U fueled system, the softer (S=0.3)
spectrum burnup (assuming a linear relation between burn zone
and breed zone enrichments) would require an exposure time
32% less than the hard (S=1.0) spectrum, while for the U233/
Th system the same change in spectrum would reduce the exposure
time by ~ 48%.

These cases have indicated, contrary to the proposal of
Fischer et al, that a softer spectrum is preferred for breed/
burn operation in a fast reactor. A similar analysis can be
performed to determine the more favorable operating conditions
for the thermal/epithermal HTGR. Because Sheaffer's correla-
tions were developed for fast reactor calculations they do not
account for the high degree of resonance shielding in the
fertile species for highly epithermal applications. Hence,
the model is invalid for values of S<0.3; the lowest values
verified.

A similar spectral index can be derived for application
in the U233/Th HTGR cases. In the expression for the reso-

nance escape probability from classical continuous slowing

theory, p, given by:

Za dE’
p = exp| - ' (2.26)

g B E(Za - Zs)
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an effective Ea can be used to account for leakage by adding

a "leakage cross-section":

2
za+£a + DB“. {2.27)

Then, accounting for criticality by applying the neutron

balance:

z + DB™ = vl ’ (2.28)

one gets:

VI
£ de'
P = exXp | - s . (2.29)
f E(vzf + ZS) E'
E

Since Zs = Ztr » and recognizing that in the thermal / epither-

mal region vzf. «:Ztr r @ spectral index, S' can be defined

by:

' =
S ET v (2.30)
Using this definition, the index can be redefined as:
Sl

S = ——-1 S S' ’ (2.31)

which yields the same form used by Sheaffer et al [S1], given

by:

vZf
S = —————a | (215}
vZf 3 Eztr




mE A

used to calculate S were found for the pebble bed HTGR composi-

tions used in the analysis of Section [2.5]. Table [2.4] lists

values for ¢ given by Eq. (2.21), with corresponding val-

ASY’

ues of S as a function of the carbon-to-heavy metal atom ratio.

23
ASY

versus the spectral index for both the U233/Th fast reactor

In Fig. [2.4] the asymptotic enrichments, ¢ , are plotted
cases and the pebble bed systems. It can be seen that in the
thermal/epithermal region, spectral hardening is advantageous
in increasing the asymptotic enrichment limit.

As shown previously, although the harder HTGR spectra
lead to increasing values of fissile n, decreasing parasitic
absorption rates and improved fertile fission rates combined
with the benefit of higher asymptotic enrichment limits indi-
cate a strong preference for the use of a hardened spectrum
for successful thermal/epithermal breed/burn operation. This
conclusion is contrary to that of fast reactors, where the
softer spectra are preferred. The indication here is that
an optimum breed zone ambient spectrum may be attainable in
the regions between those considered in this analysis. The

apparent maximum value for ¢ shown in Fig. [2.4], clearly

ASY’
indicates this possibility. Hence, in order to maximize the
effectiveness of the breed/burn concept it would be advisable
to consider systems operating with neutron spectra in the

area of maximum ¢ v between a "soft" FBR and a "hard" HTGR.

AS

From the computations to be discussed in Chapter 3, values
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TABLE 2.4
SPECTRAL INDEX AND ASYMPTOTIC ENRICHMENT

LIMITS FOR THE U233/Th PEBBLE BED HTGR

C/HM ATOM RATIO
PARAMETER 110 250 325 450

S 0.0724 0.0583 0.0518 0.0438

ASY 0.03526 0.02686 0.02497 0.02302
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2.7 System Criticality

In the previous section it was shown that in using a
breed/burn fuel cycle in the pebble bed HTGR, it is advanta-
geous to harden the breed zone neutron spectrum in order to
increase the rate of fissile U233 production. The required
burn zone burnup for each element necessary to achieve any
given breed zone fissile enrichment can therefore be shorten-
ed, and hence, the number of passes through the breed zone
required of each fuel ball can be minimized.

The fissile enrichments attainable for each composition
can be approximated using Eq. (2.21), again utilizing the
one-group constants given in Appendix A. As a function of
the carbon-to-heavy metal atom ratio, these enrichments are
listed in Table [2.5] along with the cross-section ratio,

02 &3

o /o

a a ° Using these values to approximate the beginning-

of-life fissile enrichment for a clean core, the system criti-
cality at the beginning of each cycle can be estimated. Apply-
ing a one-group model, the infinite-medium multiplication

factor, k_ , can be estimated at the beginning-of-life as:

vI £
k, o o {2.31)
BOL a
and the BOL excess reactivity, PoL * is:
T |
% BOL (2.32)
PBOL K .

BOL
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TABLE 2.5

ASYMPTOTIC FISSILE ENRICHMENT LIMITS

C/HM ATOM RATIO

PARAMETER 110 250 325 450
02 *
i?_. |
a?? 0.03655 0.02760 0.02561 0.02357 |
a 1

eASY(%) 3.526 2.686 2.497 2.302 |

|

I e,
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Values for kmBOL and pBOL are given in Table [2.6].
It can be seen that in all cases, k_ > 1.00, indicating

BOL
criticality at the start of the cycle. Using the amount of

U233 bred, for example, in the region of C/HM = 110 to fuel
the regions where C/HM = 250 or higher would yield an even

greater value for k_ . For the four compositions consid-

ered, the values of iiL obtained for various combinations of
breed and burn zone cagggn-to-heavy metal atom ratios are
shown in Table [2.7]. The highest k_ obtained is for that
of a burn zone with C/HM = 450 being ?giled by a breed zone
where C/HM = 110. This combination has the softest burn zone
spectrum operating with the hardest spectrum (and hence, high-
est EASY) breed zone of those compositions evaluated.

Careful analysis is required in these cases to insure that
a given breed zone would produce not only adequate fissile
enrichment, but also sufficient total fissile mass to fuel the
burn zone. From this analysis, the first order estimate leads
o the conclusion that it is possible to breed enough fissile
material in a breed zone, given adequate exposure time, to fuel
and obtain criticality in a pebble bed breed/burn system. The
amount of BOL excess reactivity is quite small, however, which
indicates that it may not be possible to maintain criticality
long enough to breed fissile enrichments near the asymptotic
limits. One can adapt to this situation to some extent by
using rapid fuel flow through the core, approaching continuous

refueling in the limiting case, but of course this increases

the complexity of operation.

oy e e e
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TABLE 2.6
BEGINNING-OF-LIFE INFINITE-MEDIUM

MULTIPLICATION FACTORS

C/HM ATOM RATIO (both zones)

PARAMETER 110 250 325 450
3Zf 1.435E-3 7.782E-4 6.163E-4 4.662E-4
Za 1.293E-3 7.110E-4 5.695E-4 4.392E-4
kﬂBOL 1.110 1.095 1.082 1.062

pBOL(%) 991 8.64 7.60 5.78

S
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TABLE 2.7

k., FOR VARIOUS ZONE COMBINATIONS*

BURN ZONE C,/HM ATOM RATIO

110 250 325 - 450

310 1.110 1.256 1.286 1.313
BREED ZONE

250 0.9515 1.095 1.125 1.152
C/HM ATOM

325 0.9103 1.052 1.082 1.109
RATIO

4 450 0.8654 1.005 1.035 1.062

* k, in burn zone using asymptotic enrichments
h achievable in breed zone




r”"‘"‘m,u, . " B R e ‘,-m.hmm___m
’

-60-

The analysis of Section [2.6] can be refined further to
consider some of the specific features of the breed/burn cycle.
In the expression for k, . given by Eq. (2.31), a "leakage

cross-section" can be added to the absorption cross-section,
P

so that:

vzf

2 —— (2.33)
za = zL

k

where, for example, one can use ZL = pB? . The criterion for

criticality, that k>1.00, yields the necessity that:

L
kg z_ 1 + r (2.34) .
a :
2:a23 %
or, k -1> (2.35) ‘
" = LT :
a a a

where Eap refers to neutron absorption by the parasitic ab-

]
sorbers.

Therefore, Eq. (2.35) can be used to find that:

1
kK =15 —= (2.36)
® - Ve ,e 43 T
; 1+b, + (Tg7/8,77) + (T, /277)

where bc is the breeding ratio in the burn zone, approximated

by:

b, = -y . | (2.37)

™~

.
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In Bg. (2.37), ;. th I /%,

and zap/za23 are small. The

criticality limit becomes:

k, > l + e o (2.38)

In the burn zone, however, the maximum value of bc is attained

under EOL asymptotic conditions. 1In this case, bc = 1.0,
which therefore defines a lower limit for k°° of:
K. > 15 » (2.39)

which is now a third criteria for successful system operation.
Thus, k_, for the burn zone must exceed 1.5 for a breed/burn
cycle to be able to operate independent of additional external
fissile sources.

Since the greatest value obtained for k_ , given in
Table [2.7], was k_, v 1.3, we must conclude tggi for the pebble

bed HTGR, stand-alone breed/burn operation does not appear

possible.
2.8 Summary

In this chapter the parameters affecting successful breed/
burn operation in the pebble bed HTGR have been examined. While
preliminary evaluation suggested that spectral hardening would
detract from system performance due to the decreasing values of
fissile n, cl&ser examination revealed that while n decreases

slightly, parasitic absorption decreases significantly while
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the fertile fission rate also increases substantially. In
addition, harder spectra yield higher asymptotic enrichment
values, thus making it easier to achieve acceptable fissile
enrichments in the breed zone with reasonable burnups in the
burn zone. The results also showed that highly thermalized
systems are best for the burn zone because of their high k_

at a given load enrichment and low asymptotic (hence discharge)
fissile enrichment. Of all reactors of current interest,

it was found that the HTGR had the most favorable ratio of
discharge burnup ro reload enrichment.

These observations, with respect to spectral hardening,
were found to apply for thermal and epithermal systems only.
In fact, for fast reactors it was found that the breed function
of breed/burn cycles would be best carried out in softer
spectra, such as those found in oxide-fueled LMFBRs -- or,
indeed, even softer.

In examining system criticality, although it was found
that a breed zone in a pebble bed reactor could fuel and
achieve criticality (k_, = 1.0) in an infinite burn zone, the
high BOL excess reactivity (k_, > 1.5) necessary for finite
coupled zone (high burn and breed zone leakage) system opera-
tion could apparently not be achieved. Hence, operating such
a system in the pebble bed HTGR would require some degree of
fissile makeup to operate for any sustained period; either

that or a substantially harder breed zone spectrum (yielding

higher asymptotic enrichment and hence larger k_ in the burn
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zone) . An even higher carbon-to-heavy metal atom ratio in the

burn zone could also be contemplated.
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III. COMPUTATIONAL METHODS

3.1 Introduction

The analysis in the previous chapter led to the conclusion
that in a pebble bed HTGR, it would probably not be possible
to sustain a stand-alone breed/burn system. However, the one-
group calculations performed could only indicate the gross
features of system operation and were limited to either the
beginning-of~life or the asymptotic limit of ultra-high burnup.
The effects of fission product buildup, U235 and Pa233 produc-

tion, Th232 depletion, fast fission, power density and group-

wise changes in flux and cross-sections, all as functions of

#1 burnup, were neglected. When fully evaluated, the sum of the
- | above effects can significantly alter the reactor performance
; characteristics as a function of time, which therefore neces-
sitates a more precise evaluation.

| Calculation of the performance characteristics of the
proposed breed/burn system, using state-of-the-art computer
programs, is described in this chapter. The system model,
cross-section generation, nuclear data input, codes used and

problem descriptions are described.

! 3.2 System Model

In the breed/burn fuel cycle, it is necessary for the

reactor system to operate under "breakeven" breeding condi-

|

!

]

B tions. That is, as a minimum, one fissile atom must be pro-
f duced in the breed zone for every one destroved in the burn
|
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zone. A first approximation can be used to evaluate this
ability (i.e., by considering a homogeneous system) as was

done in Chapter 2. The two-zone layered system, described in
Chapter 1, will operate with a strong neutronic coupling be-
tween zones. The burn zone fission rate, and hence, power
density, will be higher than that in the breed zone. Also,

the total neutron flux in the burn zone should be higher,
whereas groupwise flux will be shifted towards the faster groups
in the breed zone, assuming that the carbon-to-heavy metal atom
ratio in the breed zone is less than that of the burn zone.

A conservative overestimation of the performance of the
system can be found, therefore, by homogenizing the two zones
into a single region. If the conditions required for success-
ful breed/burn operation can be met in the homogeneous region,
then a more careful analysis is required to determine, when the
reactor is modeled in a heterogeneous, axially-layered configura-
tion, if satisfactory performance is still achieved.

In analyzing the heterogeneous two-zone system, the re-
guirement for the breeding of adequate total mass in the breed
zone to fuel the burn zone dictates size limitations on the two
zones, contingent upon the number of passes through each zone
required to achieve design burnup limits. That is, given the
compositions of each zone, in a period of one cycle, the total
fissile mass being bred in the breed and burn zones must equal
the total mass destroyed in the burn zone for net breeding;

for breed/burn operation the breed zone alone must provide the




preeoy

’ te Al o A
BRI SR ——————

-66-

burn zone fissile deficit. Therefore, calculations must be
performed iterating between size options for the two zones.
If the reactor is assumed to be infinite radially, then the
calculations can be performed using an infinite slab model
varying only the compositions and axial thicknesses of each
zone.

The first analysis to be performed, however, utilizes a
homogeneous zone as previously described. Unity albedo boun-
dary conditions are used for all three dimensions, thus effec-

ting an infinite reactor calculation. Again, an infinite slab

treatment is appropriate. As will be described in Section [3.4],

compositions (carbon-to-heavy metal atom ratios and fissile

enrichments) will be varied to determine system characteristics.

3.3 Computer Codes

Analysis of the pebble bed HTGR breed/burn fuel cycle in
the homogeneous system model described in the previous section
required precise definition of nuclear data parameters for
input into a code that would treat the one-dimensional diffu-
sion-depletion problem accurately. In this section the com-
puter codes used for this application and their respective

input parameters are described.

3.3.1 PDQ-7
The PDQ-7 code [Cl] was used in the present work for the
calculation of the operating characteristics of the breed/burn

system model. PDQ-7 can solve the diffusion and depletion
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equations in up to three dimensions in rectangular, cylindri-
cal, spherical or hexagonal geometry for up to five energy
groups. Depletion calculations and management of the neutron

cross-section data are handled by the HARMONY system [B2],

which provides a flexible representation of the time-dependent
depletion equations for any nuclide chain.

The PDQ-7 ccde solves the diffusion equation by discre-
tizing the energy variable and finite differencing (central) {
the equation in space. For this application, only one-dimen-
sional problems were treated, which the code solves by Gaussian

elimination.

For all calculations, PDQ-7 requires that input parameters
define the system geometry and energy groups with respective
chi (fission neutron) spectra, as well as the complete repre-
sentation of nuclide chains, decay constants, initial nuclide ﬂ
number densities and microscopic neutron cross-section data.

The problems described in Section [3.4] were all solved
using four energy groups in an infinite slab system, with de-

pletion parameters calculated for a static core arrangement,

from the beginning-of-life to an end-of-cycle fuel burnup of
120,000 MWD/MTHM.

The depletion chain treatment followed 46 nuclides, for
which the respective nuclide chains are detailed in Appendix

[D.5]. 1Initial nuclide number densitites were calculated as

a function of the carbon-to~heavy metal atom ratio and the

beginning-of-life fissile enrichment, as described in Appendix
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[(D.3]. Beginning-of-life heavy metal number densities are
given in Table [D.4] as a function of fissile enrichment, and
all other initial concentrations are listed in Table [D.5].

Exposure times (in hours) used for the depletion incre-
ments were calculated for burnup intervals as detailed in
Appendix [D.4]. All problems were treated for burnups to
120,000 MWD/MTHM.

Cross-section input for PDQ-7 was provided by calculations

using the AMPX Code System [G2], as described in Section [3.3.2].

3.3.2 AMPX

The AMPX Code [G2] is a modular system (NITAWL and
XSDRNPM codes) which evaluates 123 group cross-section data
with resonance parameters to generate coupled multi-group
neutron cross-sections. The reference ball design used for
number density calculations is described in Appendix [D.3].
The reference cell-averaged ambient temperature was 900°C [W3].

AMPX calculations generated all cross-section data used
in the present work, treating the 46 nuclides listed in Table
(D.1]. For the depletion chains detailed in Table [D.7], appro-
priate nuclide decay constants, fission product yields, energy
releases per fission, groupwise x spectra and the resulting
relative groupwise fluxes are given in Tables [D.8], [D.9],
(D.10], [D.11] and [D.12], respectively, as functions of the
carbon-to-heavy metal atom ratio. Energy group parameters are
given in Table [D.13].

The four-group cross-section data generated by AMPX and

uséd in PDQ-7 calculations is listed in Appendix C.
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3.4 Computational Methods for Evaluation of Homogeneous
Zone Parameters

As discussed in Chapter 2, evaluation of breed/burn
operation in a homogeneous one-zone system requires computa-
tion of system criticality and fissile enrichment as a function
of burnup. The performance characteristics of an arbitrary
region can be bracketed through the evaluation of several
reference examples.

Using the system model described in Section [3.2], the
carbon-to-heavy metal atom ratio and the beginning-of-cycle
fissile enrichments for the system were varied in a series of
eigenvalue/depletion calculations. From the calculated
information, the parameters necessary for an evaluation of
the breed/burn system were obtained.

For a given burn zone composition, varying the initial
fissile enrichment will yield a series of similar curves when
k, is plotted versus the fuel burnup, as illustrated in Fig.
[3.1a]. Achieving a value of k_ > 1.0 will satisfy the first

operating criterion: achieving system criticality. Then, a

linear burnup model of the form:

2n
B = a(e - b) ———
EOLc BOLc n+1

(3.1)

can be applied to the zone, where a and b are constants and n
is the number of batch fuel loadings. For a continuously-
fueled system, whose performance can be approached in a pebble

bed reactor, n + ® so that:

‘ s 2 vfé“( X \gr,‘; :‘gé"fj\‘
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EOLc = 2a(€BOLc B) . (3.2)
The constants a and b can be calculated if batch depletion
calculations are performed for two different initial enrich-
ments; therefore, to achieve any design-limited end-of-life
burnup for continuous burn zone refueling, Eg. (3.2) can be

used to find the required €BoL ° Hence, for a burn zone load-

Cc

ed with an initial fissile enrichment of ¢ bred in a

ASY’
breed zone, the maximum obtainable end-of-cycle burnup can be

calculated using Eq. (3.1) for either a batch load or for
continuous refueling.

In its fullest development, the breed/burn cycle uses
the heavy metal discharged from the breed zone at an enrich-
ment €,., as the fuel loaded into the burn zone at beginning-
of-cycle, again at an enrichment ¢ . Therefore, the value

ASY
ASY charged to the burn zone must be high enough to allow

of ¢
the next cycle to achieve an equivalent breed zone discharge
enrichment. Several successive passes through the breed zone
may be required for a given fuel ball to achieve a desired
enrichment, but as a very rough approximation, assuming one

fissile nucleus is bred (and preserved) in the breed zone for

every fissile nucleus burned in the burn zone:

B ($) > ¢ (%), or (3.3)
EOLbz BOLc

B (%)
EOLbz

Iv

€ASY (%) . (3.4)
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In evaluating this criterion, breed zone enrichments at
breed zone end-of-cycle will be taken to be equal to the
asymptotic values given in Table [2.5] as a function of the
ambient spectrum.

Burn zone enrichments can be treated more explicitly.
Becausea the PDQ-7 analysis takes into account the effectﬁ of
U235 and Pa233 production, fission product buildup, Th232
depletion and parasitic absorption, all of which were neglect-
ed in the simplistic analysis of Chapter 2, the actual system
operating characteristics may differ slightly from those
predicted previously. Concentrations of all nuclides appear-
ing in the depletion chains are calculated by PDQ-7 at each
time increment. Using Eg. (2.18), the enrichment of a given
burn zone as a function of burnup can be calculated. Operating
at a constant power density to high fuel burnups will result
in fissile enrichments being reduced to the spectrum-averaged
equilibrium limits at end-of-cycle, as illustrated in Fig.
[3.1b]. If the ambient spectrum in the breed zone is much
harder than that in the burn zone, the equilibrium enrichment
in the burn zone will be significantly less than the asymp-
totic limit achieved in the breed zone. Burning fuel elements
in the burn zone to high burnups and hence to low fissile
enrichments at end-of-life (for high carbon-to-heavy metal
atom ratio compositions) is in keeping with the nonprolifera-
tion objectives of the breed/burn system. Very low end-of-life

fissile enrichments thus allow spent fuel elements to be

AR
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discharged directly to waste disposal, in accordance with the
system schematic in Fig. [l.1].

Zone compositions were evaluated using PDQ-7 in batch
load depletion calculations, so the maximum burn zone burnups
(achieved using continuous refueling) are twice that obtained
by applying Eq. (3.l1) (setting n = 1) to batch zone calcula-
tions.

In summary, the second criterion for successful operation,
that adequate fissile material be bred in the breed zone to
fuel the burn zone, is accomplished only if the breed zone

end-of-life enrichment (here estimated as € ) As:

ASY

€ (%) = ¢

EOL (3) > B

L L5 GE (3.5)

bz bz EOLC

This requirement, combined with the requirement for system
criticality are necessary (but not sufficient) conditions
for successful breed/burn operation. The third assessment
criterion, that of zone leakage, must be examined.

Equation (2.39) defines the requirement that k_ > 1.5.
This value applies only when the burn zone breeding ratio,
bc’ is maximized, which occurs under end-of-life asymptotic
conditions, or when bc = 1.0. Since this condition (Eq.
(2.39)) defines a minimum value for k_  , only those combina-
tions of breed and burn zone compositions for which the first
two criteria for operation have been met and for which

Ky > 1.5 will be considered as feasible possibilities.

BOL
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Should all three criteria be met by any given candidate system,
then a more detailed analysis examining system geometrv in a
two-zone heterogeneous configuration will be required.

For this analysis, PDQ-7 depletion calculations were
carried out for beginning-of-life enrichments of 2.0%, 4.5%
and 7.0% U233, for zone carbon-to-heavy metal atom ratios of
110, 250, 325 and 450. The analyses of k_ and €agy S @ func-
tion of the zone burnup, previously described, were performed
to evaluate the operating characteristics of the breed/burn
system. Depletion calculations were run for all compositions

through fuel burnups of 120,000 MWD/MTHM. A summary of these

results is given in Chapter 4.

3.5 Summary

Procedures used to analyze the characteristics of cperat-
ing breed/burn fuel cycles in pebble bed HTGRs have been pre-
sented. A series of PDQ-7 eigenvalue/depletion runs were
carried out on homogeneous one-zone systems to evaluate
system performance, varying the parameters of the carbon-to-
heavy metal atom ratio (composition) and the beginning-of-life
fissile enrichment.

Successful system operation will be achieved only if three
necessary (but not sufficient) conditions are met:

(a) achieving system criticality, k, 2 1.0,

(b) achieving a fissile production rate such that

(%)

€ > B
ASY, EOL.

(%),

and (c) accounting for zone leakage by providing adequate
excess reactivity, ko 2 1.5.




e

Satisfying all three of these objectives simultaneously will
allow the two-zone layered pebble bed system to operate on a
stand-alone breed/burn fuel cycle (within the limits of the

conservative approximations used in this analysis).
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IV. BREED/BURN COMPUTATIONAL RESULTS

4.1 Introduction

The PDQ-7 runs made for analysis of breed/burn feasibility
were detailed in Chapter 3. The results, to be described in
this chapter, will characterize the operating parameters,
consistent with core compositions and power densities as a
function of burnup history necessary to assess the capability
of the pebble bed HTGR system to achieve breed/burn operation.
The analysis specifically addresses the three necessary (but
not sufficient) criteria defined for successful breed/burn

operation:

(a) system criticality, k_ > 1.0,
(b) rate of fissile production, B

and (c¢) accounting for zone leakage, k

4.2 Variation of k_ with Fuel Burnup

Three depletion cases were treated for each homogeneous
zone composition (carbon-to-heavy metal atom ratios of 1l1C,
250, 325 and 450), corresponding to fissile enrichments at
the beginning-of-cycle of 2.0%, 4.5% and 7.0%. For each case,
the depletion time increments corresponded to fuel burnups of
2000, 6000, 30,000, 60,000 90,000 and 120,000 MWD/MTHM. Cur-
rent materials constraints limit cycle burnups to an upper

value of roughly 120,000 MWD/MTHM [T1].
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For the twelve cases considered, the values calculated
for k, at the start of each depletion iteration are listed
in Appendix B, Table [B.3]. As illustrated in Figs. [4.1l-
4.4], it can be seen that for all compositions, as expected,

k _ decreases with fuel burnup, and for each composition, high-
er initial fissile enrichment results in higher values of

k, - A step decrease in k_, is noted during the first time
increment due to the rapid saturation of xenon-135. All
cases exhibited a nearly linear relation between k_ and
burnup beyond 6000 MWD/MTHM.

At the beginning of life all compositions achieved criti-
cality, with the exception of the case for which C/HM = 110
and €RoL 2.0%. However, all cases for which €ROL, " 2.0%
were subcritical at a burnup of only 2000 MWD/MTHM and re-
mained so for the duration of the cycle. 1In these cases, a
rise in k_ was observed at mid-cycle, apparently due to an
increase in fissile content. This will be addressed further
in the next section.

The linear burnup model of Eqg. (3.1) can be applied to
each burn zone case, setting n = 1, since the calculations
were done for batch loads. For each carbon-to-heavy metal
atom ratio, the fissile enrichments necessary at the beginning-
of-cycle necessary to achieve any given end-of-cycle burnup
for either a batch-loaded or continuously-fueled system can
then be determined.

A linear correlation of the form:

(o S R SR d Pl 8 Nina
B RS
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kK = ¢, B + - (4.1)

was fit (linear least squares) to the linear region of each
curve (i.e. for all burnups after initial Xel35 saturation) and
the coefficients o and c, were determined. The resulting S
and c, are listed in Appendix B, Table [B.5]. In this model,

B is the average reactivity-limited fuel burnup.

Equation (4.1) can be solved for the burnup at which

k, = 1.0, B, as :
1.0 = < B + Cq v (4.2)
;  for each burn zone burnup history shown in Figs. [4.1 - 4.4].

Since initial enrichments of 2.0% resulted in subcritical

systems (for all except the first time step) for all carbon-to-

heavy metal atom ratios examined, these cases were excluded

from further analysis. For the remaining two burnup histories
for each burn zone composition (corresponding to initial en=-
richments of 4.5% and 7.0%) the linear burnup relation was
applied. Simultaneous solution of the resulting two equations
yields the coefficients a and b for each carbon-to-heavy metal
atom ratio. These coefficients are listed in Appendix B,
Table [B.6].

Thus, for any initial fissile enrichment, the end-of-
cycle batch fuel burnups can be calculated; and setting n + «
in Eq. (3.1) yields the burn zone burnup limit for continuous

refueling. Table [4.1] lists the reactivity-limited burnups

R 2 URE

= =
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TABLE 4.1

REACTIVITY-LIMITED BURNUP* FOR ]

CONTINUQUSLY-FUELED BURN ZONES

WITH € =€ +
BOLc ASsz

BURN ZONE C/HM ATOM RATIO

110 250 325 450

110 67400 97590 94480 86950

BREED
ZONE 250 28210 67390 65092 58500
C/HM
ATOM 325 19920 61000 58880 52480
RATIO

450 13140 55780 53790 47560

* Values shown are MWD/MTHM

t+ Breed Zone €AY values are given in Table [4.2]

as €

EOC”

- ————— e
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for continuously-fueled burn zones as a function of the breed
zone asymptotic limits given in Table [4.2]. These asymptotic
enrichments, being the average end~-of-cycle enrichments, €roc’
generated in the PDQ-7 calculations for each composition,
approximate the asymptotic values predicted for each spectrum,
as can be seen in Table [4.2].

The burnups obtained vary substantially with the breed
and burn carbon-to-heavy metal atom ratio combinations, as
shown in Fig. [4.5]. The highest values of fuel burnups are

obtained for a breed zone for C/HM = 110 and a burn zone

composition in the range of C/HM = 250 to 450.

4.3 Variation of 523 with Fuel Burnup

Having met the objective of achieving system criticality,
the next objective is to examine the fissile production poten-
tial. The analysis in Chapter 2 indicated that a maximum
possible asymptotic fissile enrichment would be achieved,
given adequate exposure time, dependent on the ambient spec-
trum. The fissile enrichments (U233 only, neglecting U235)
for each zone composition are listed as a function of fuel
burnup in Table [B.4]. As illustrated in Figs. [4.6 - 4.9],
it is clear that an asymptotic limit is approached at very
high fuel burnups, independent of the initial zone fissile
enrichment. A comparison is made in Table [4.2] of the average
U233 enrichment at end-of-cycle inferred from these results
with the asymptotic enrichment limits predicted using the
simplistic analysis of Chapter 2. As previously discussed,

predicted values of €ASY should correspond nearly, but not

KRS
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TABLE 4.2
COMPARISON OF ACTUAL END-OF-CYCLE U233

ENRICHMENTS AND PREDICTED ASYMPTOTIC LIMITS

C/HM ATOM RATIO
110 250 325 450

€asy” 0.03526 0.02686 0.02497 0.02302

€EoC 0.03697 0.02137 0.01807 0.01537

€asy
o 1.048 0.7956 0.7237 0.6677

02
* Predicted using %
c

a
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exactly, to € due to the more rigorous evaluation of

EOL’
other concurrent effects by PDQ-7.

A breed zone, initially having no fissile content, would
eventually build up to a fissile concentration near the
asymptotic limit, as indicated by the low-enriched (2.0% U233)
depletion cases (which also exhibited an increase in k_ with
burnup due to the high fissile production rate). It was noted
in the previous section that an optimum combinacion of zone
compositions to maximize obtainable burn zone burnup would
use a breed zone where C/HM = 110 and a burn zone where C/HM
= 250 to 450. Continuous refueling, which can be approached
in pebble bed systems, would allow burn zone burnups in these
cases approaching 100 GWD/MTHM. Recognizing that for contin-
uous fueling very high burnups could be attained (Table [4.2]),

the criteria for breed zone burnup, ¢ < B , can be

BOLc EOLbz
achieved. Additionally, it is clear from Appendix B, Table
[B.3], that increasing the carbon-to-heavy metal atom ratio
for a given initial fissile enrichment will increase k_ .
This effect is illustrated in Fig. [4.10]. Because sysizg
criticality must be maintained, higher burn zone carbon-to-
heavy metal atom ratios (v400 or greater) would therefore
be preferred, even though the obtainable burn zone burnups
are not quite the maximum possible.

Breed/burn system design in the pebble bed HTGR can,
with careful selection of 2one compositions, meet the rather

conservative criterion established here for potential fissile

production and hence breed/burn cycle operation may be

e R Lo Dl dn ille B, "7 oo
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feasible. 1In this analysis, the effects of poisons, control
materials and reactor vessel materials were neglected by
analyzing an infinite homogeneous system. Therefore, these
results are, in fact, extremely conservative estimates, indi-
cating that true system performance might be substantially
poorer. The operation of a two-zone system, however, as

described in Chapter 3, requires an evaluation which accounts

for zone-to-zone leakage.

4.4 Criticality with Zone Leakage

Equation (2.39) required, as a minimum, that at the

beginning-of-life:

k > 1.5 {22399

This was necessary to account for the significant neutron
leakage out of the burn zone (into the breed zone). For the
reference homogeneous systems evaluated, beginning-of-life
values of k_ exceeded 1.5 only for iniuial enrichments of 7.0%.
Since the asymptotic limit for fissile enrichment in a breed
zone for which C/HM = 110 is 3.5%, as shown in Fig. [4.10],

it can be seen that idealized core configurations yield no
values of k_ > 1.5. This indicates that it is not possible
to achieve aBgi high enough to accomodate zone leakage when
using breed zone discharge fuel in the burn zone (depicted as

the "feasible" range in Fig. [4.10]). Thus, no combination

of the zone compositions evaluated in the present work are
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capable of satisfying all three criteria for successful breed/
burn operation. For these compositions, then, it must be
concluded that it is not feasible to operate a pebble bed
HTGR system on the breed/burn fuel cycle. Moreover, since k.,
appears to attain its maximum value (for all enrichments)

at a carbon-to-heavy metal C/HM value of ~ 450, it does not
appear to be useful to consider the use of even softer spectrum
burn zones. Referring back to Table [2.5], extrapolation to
C/HM < 110 indiéates that a harder spectrum breed zone, if
physically practicable, might have an asymptotic enrichment
greater than the 5% or so, which would permit k_ > 1.5 when

cycled into the burn zone.

4.5 Summary

Analysis of the results of PDQ-7 depletion calculations
for homogeneous zones has indicated that with high fuel burnups,
breed zone fissile enrichments approach steady state values,
as predicted in the analysis of Chapter 2. These enrichments,
when appropriate zone compositions are emploved, will allow
burn zones of infinite extent to achieve adequately high burn-
ups while maintaining k_ > 1.0. Considering only these cri-
teria, breed/burn system operation appears feasible. However,
requiring the system to overcome the effects of burn zone leak-
age showed that none of the breed and burn zone combinations
examined in the present work could achieve adequate values of
k, - Hence, the potential for successful breed/burn operation

in pebble bed reactors in not confirmed.

it o L o
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It may be possible, however, by further reductions in the
carbon-~-to-heavy metal ratio, in the breed zone, to increase
the asymptotic enrichment limit of the breed zone (to > 5%,
and preferably ~ 7%) and thereby make it possible to achieve
a system k_ > 1.5. Additionally, as can be seen in Fig. [4.4],
the use of slightly higher carbon-to-heavy metal ratios in
the burn zone (say v~ 500) can produce slightly higher values
of k_, and hence it may be possible to satisfy the leakage
criterion. Reasonable compositions must be maintained, how-
ever, because as the carbon-~to-heavy metal atom ratio increases,
the required core volume will increase for a given thermal
output requirement.

Another option would be to utilize the pebble bed HTGR
in a near-breed/burn mode, by providing the additional fissile
makeup necessary to achieve the required values of k_ . Reac-
tivity-limited burnups would thereby be increased, thus allow-
ing the system to better utilize its potential for U233 pro-
duction.

The goals of non-proliferation, while best-achieved by
a successful "stand-alone" breed/burn system, might still
have acceptable operating parameters for a near-breed/burn
system. Fissile U235 or U233 loaded into the system in a
denatured form, would not violate non-proliferation standards
and could provide the necessary reactivity to effect success-
ful breed/burn operation in the pebble bed HTGR system. Should
such a modified breed/burn fuel cycle be considered, however,

the effects of plutonium production would be to be evaluated.
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V. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

S.1 Introduction

The realization that a growing number of nonnuclear
weapons states, desiring to provide for their own growing
energy needs, have opted to develop civilian nuclear power
programs, and the implied relationship between nuclear
electric plants and weapons, has resulted in a broader inter-
pretation of the implications of proliferation. Both national
and ihternational reassessments, e.g. the NASAP and INFCE
efforts, are underway to prepare new guidelines for the devel-
opment and application of the nuclear fuel cycle for commercial
electrical power production.

The transition to a breeder economy is not in prospect in
the United States, under current governmental policy, and
alternative options must utilize nuclear fuel in a manner so
as to minimize the production of and/or commercial traffic in
materials suitable for weapons applications. The present
thesis is concerned with one such class of proliferation-
resistant fuel cycles, designated the "breed/burn" concept.

Fischer et al [Fl] proposed the implementation of a breed/
burn system in a fast reactor core, using depleted uranium
monocarbide feed fuel. After breeding sufficient fissile
material in a hard spectrum "breed zone," fuel assemblies are
moved to a more highly moderated region of the core where

energy is generated by the burning of the now slightly
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enriched fuel.

Application of this concept to thermal/epithermal reactor
systems requires the use of a compositionally versatile system,

capable of achieving the high fuel burnups necessary for effec-

tive fissile conversion.

The pebble bed HTGR offers inherent versatility in fueling

strategies, core burnup, fuel design and neutron spectrum

tailoring, as well as the ability to approach corntinuous fuel-

ing operation by using flow-through schemes. Hence, the pre-
sent work focuses primarily on the utilization of the U233/Th
fuel cycle in a breed/burn configuration of the pebble bed

HTGR.

5.2 Summary of Analysis

Fischer et al [Fl] have proposed that in implementing a
fast reactor breed/burn fuel cycle, the primary objective is
to maximize the breeding ratio through spectrum hardening.
More highly-moderated regions are used for fuel burning, but
a hardened ambient spectrum in the breed zone is reqguired,
presumably to increase the overall system breeding ratio.
Primarily through decreases in parasitic absorption (in
fissile as well as structural material and fissile products)
and increases in fertile fission rates, the breeding ratio
does increase with hardening, but it was found in the present
work that this is accompanied by a decrease in the asymptotic
fissile enrichment obtained for ultra-high burnups, when the

rate of fertile capture equals the fissile absorption rate.
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This spectrum-dependent apparent limit is expressed by the
relation:
i fertlle/o f1351le) ‘
€asy = b (P T8 (5.1)
1+ (o, /9,4 4

For fast reactor applications, the preference is for
softer breed zone spectra: softer than a typical LMFBR but
still harder than in common thermal reactors.

Developing the breed/burn fuel cycle for thermal reactor
configurations necessitates the use of a system capable of
achieving regionwise spectral shifts (in order to segregate
breed and burn zones) while being able to achieve high conver-
sion ratios. The HTGR is the most versatile among thermal/
epithermal reactors currently of commercial interest. This
inherently superior system, when employed with the U233/Th
fuel cycle (chosen because of its outstanding neutronic
properties in the thermal and epithermal energy ranges)
affords the required flexibility for implementation of a breed/
burn cycle. Very high fuel burnups, relatively low enrichment
requirements and the stated requirements for zoning flexibility
made the pebble bed HTGR a logical system choice. The present
work focused primarily on the use of this system for obtaining
a feasible thermal/epithermal breed/burn design.

Contrary to the situation with fast reactor breed/burn
systems, increasing the breed region asymptotic fissile en-
richment in the U233/Th pebble bed HTGR is accomplished by

spectrum hardening. In addition, the k°° values for a given
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enrichment increase as the moderator-to-fuel ratio (carbon-
to-heavy metal) is increased. Therefore, a system utilizing
two zones; a very hard breed zone and a very thermal burn
region appears most promising.

Successful operation of any breed/burn system requires
that: (1) system criticality be maintained, or k > 1.0,
and (2) breed zone fissile production be adequate to fuel

the burn zone, or, using a very rough approximation for the

breed zone discharge enrichment, eEOLbz(%) = eASbe(%) =

BEOLc (%) . Burn zone operation must then require an initial
enrichment, EBOLC' no greater than that discharged from the
breed zone, or EASsz (%) > BEOLc (). A final operating
criterion requires that system criticality consider the effects
of zone-to-zone neutron leakage. In applying a leakage correc-
tion to the macroscopic absorption cross-section, the criterion

for criticality yields the necessity that:
k. =131+ , (5.2}

where €L is the "leakage cross-section." By further manipula-
tion of Eq. (5.2), using conservative (optimistic) approxima-

tions, one finds that:

k - 4>

oo

1

e s (5.3}
1+ bc

and since the burn zone breeding ratio, bc' reaches a maximum

of unity at the asymptotic limit, for successful operation,




e e

~-100-

accounting for zone-to-zone leakage, k  must be greater than
15

Three operating criteria have thus been established for
successful breed/burn operation. These necessary (but not
sufficient) conditions define the feasible range of operation
for the system.

To fully evaluate the practicality of pebble bed systems,
state-cf-the-art computer calculations were performed using
the PDQ-7 code [Cl]. Four-group cross-section data was gen-
erated for the pebble bed system using the AMPX modular code
system (NITAWL and XSDRNPM codes). Homogeneous one-zone
regions were evaluatad in a series of eigenvalue/depletion
calculations, varying the zone composition (carbon-to-heavy
metal atom ratios) and initial enrichments. Depletion runs
were performed for fuel burnups to 120,000 MWD/MTHM.

For the various compositions evaluated in this thesis,
asymptotic zone enrichments are shown in the first column of
Table [5.1]. Increasing asymptotic enrichments are observed
for decreasing carbon-to-heavy metal atom ratios, justifying
the preference for a hardened breed zone spectrum in this
reactor type. Using the highest available asymptotic enrich-

ment, €agY » a@as the initial fissile enrichment

C/HM = 110
in a continuously-refueled burn zone, the burn zone end-of-

life burnups are also shown in the first row of Table [5.1],
as a function of the zone carbon-to-heavy metal atom ratio.

It is clear that this reactor system is able to achieve high
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TABLE 5.1

PERFORMANCE PARAMETERS AS A FUNCTION OF
BREED AND BURN ZONE COMPOSITION

BURN ZONE C/HM ATOM RATIO

110 250 325 450
B
EOL,, % 6.740 9.759 9.448 8.695 !
€ k*
ASY, .3 “BOL -
C
110 0.0353 1.069 1.246 1.290 1.323
A (0.0370) (1.110} (1.256) (1.286) . {1.313) |
dismin 250 0.0269 0.971 1.134 1.111 1.196 i
d (0.0214) (0.952)  (1L.095) (1.125) (1.152) '
| C/HM 325 0.0250 0.948 1.107 1.143 1.166
|
i e (0.0181) (0.910)  (1.052)  (1.082)  (1.109)
L T 0.0230 0.924 1.080 1.113 1.135
4 (0.0154) (0.865)  (1.005)  (1.035)  (1.062)
1
B
a
i MWD /MTHM .
; *In ————— , using ¢ = g for
A 104 BOL, "ASYy, o/um = 110

continuous refueling.

+For comparison, numbers in parenthesis were predicted by the
one-group calculation of Chapter 2.
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infinite medium fuel burnups while requiring quite low begin-

ning-of-life enrichments.

Values for k_ are given in Table [5.1] as a function

BOLc

of the combination of breed and burn zone compositions. Al-

though most combinations result in criticality for the infinite
burn zone (k_ >1.0), none of the combinations of zone composition
reach k_ values of 1.5. Hence, based on this simplistic
analysis, none of the compositions evaluated in this thesis

are capable of overcoming the zone-to-zone leakage effects.

5.3 Conclusions

R R Y e e

‘\9Successfgl stand-alone breed/burn operation could not

ki be accomplished in U233/Th pebble bed HTGR systems for the
?! ranges of compositions considered in this analysis:

: P ’,'\ =) 110 § C/HM < 450. gcWhile the pebble bed system provides the
| et flexibility needed to implement a successful fuel cycle, the

| effects of zone-to-zone leakage necessitates values of k,

that are too high to be achieved with breed zone asymptotic

= enrichments (<3.5% in the C/HM range studied). Therefore, if
\ the HTGR is still to be considered as a viable breed/burn

F! system, additional breed zone hardening will be necessary to
! increase the attainable fisssile enrichment: carbon-to-heavy
t metal atom ratios much less than 110 must be contemplated, so
7 as to achieve asymptotic enrichments on the order or 7% or so.

Increasing the carbon-to-heavy metal atom ratio in the burn

zone could possibly be used to increase k_ , thereby helping

to overcome the constraints imposed by the zone-to-zone

. - _1-—‘ e
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leakage. Such an action must consider, however, the additional
reactor volume required for a given thermal output, and the
fact that k_, approaches a broad maximum just beyond C/HM = 450.

For fast reactor applications, the breed/burn concept

offers good potential for successful operation. However,

"soft" fast reactor spectra would be most likely to meet all

operating criteria, contrary to the proposal by Fischer et al
[F1]. The much higher asymptotic enrichments available in ;
these spectra could allow a breed/burn system to produce large

fissile masses in the breed zone in a time span consistent

with lower fuel burnups in the burn zone.

A successful breed/burn system can satisfy the nonproli-
feration objectives of minimizing the traffic in sensitive
materials suitable for weapons application at all points in |
E the fuel cycle. Additionally, the use of fertile-only makeup
makes fuel enrichment unnecessary, while the high burn zone

J burnups attainable help reduce discharge fissile enrichments
/

to levels which are insufficient to justify reprocessing.

5.4 Recommendations for Future Work

Mk o e

|

;

| 1
\ The results of this analysis showed asymptotic enrich- |
| ments in fast reactor spectra were at their highest levels
i in the "soft" end of the available spectra. On the other

| hand, the highest asymptotic enrichments in the epithermal

range were obtained in the hardest available epithermal spec-

tra. An apparent maximum exists, therefore, for a reactor |

operating in the range between a "soft" LMFBR and a "hard"
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HTGR. Future analyses shoiid examine the possibility of de-
signing a system to operate in the described range, thereby
maximizing the potential for successful breed/burn operation.
In addition, Karam [Kl] has proposed the use of suspended-
bed reactors (SBR) as alternatives to LMFBRs. These reactors
would utilize pyrolytic carbon-coated dicarbide or metallic

fuel kernels (i.e. HTGR fuel particles) suspended by upward

flowing helium gas (coolant) in a cluster of pressurized tubes.
High breeding ratios (1.2 to 1.38) are projected for this
system, since.the utilization of HTGR-type fuel kernels without
the surrounding graphite matrix results in an extremely hard
epithermal spectrum. Thus, it may be possible to adapt some

of the features of the SBR to achieve a spectrum in the range

required for maximizing the asymptotic enrichment limit. Com-
bining the high breeding ratios and hard spectrum, and recog-
nizing the ability to maintain composition zoning through the
use of tube-contained fuel, this type system should be investi-
gated carefully for its applicability to the breed/burn system
concept.

Less exotic HTGRs still offer exceptional potential for
the implementation of alternate fueling schemes. Even apart
from the SBR, conventional or pebble bed type HTGR composi-
tions for which C/HM < 110 should be investigated, as it may
be possible to increase the available asymptotic enrichments
to levels high enough to produce the necessary burn zone excess

reactivity to overcome zone-to-zone leakage effects. Only
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after thorough analysis of all possible compositions should
the HTGR be judged as either feasible ¢ : unfeasible for imple-
mentation of a breed/burn fuél cycle.

Finally, once a combination of breed/burn zones pass the
preliminary requirements proposed in this thesis, analyses
should proceed to the logical step of multi-zone PDQ-7 calcu-
lations in which the zone-to-zone coupling is explicitly
accounted for. This is essential if the extent to which zones
can be spectrally isolated is to be established -- an essentizl

prerequisite for successful breed/burn operation.
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APPENDIX A

ONE-GROUP CONSTANTS

In this appendix are tabulated one-group cross-sections
(Tables [A.2] through [A.5]) collapsed from the four-group
cross-sections given in Appendix C. The four-group cross-
sections, generated using the AMPX Code System [G2], were
flux weighted using the relative groupwise flux values
listed in table [A.l]. Nuclides are identified in the cross-
section tables by an identification number, "I#", listed

alphabetically by isotope in Table [D.l].

e =S
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TABLE A.1l

RELATIVE GROUPWISE NEUTRON FLUX*

C/HM ATOM RATIO
GROUP Au 110 250 325 450
) 4 4.400 1.000 1.000 1.000 1.000
2 5.750 1.534 1.533 1.533 1.534
3 5.750 1.025 1.194 1.236 1.282
4 $.916 0.920 2.305 2.939 3.874

* Normalized to ¢l for each carbon-to-heavy

metal atom ratio.




-108-

T00395€25°0
€0+329082°0
€o0+aLZNOL "0
104392909°0
T0+36251C°0
hO+3LS121°0
C0e3L0ENL "0
204350 L0°0
T0+3L27091°0
204200851 °0
to+aszoLz o
TO*3LNSIL 0
T0+39L6SE °0
T0+301615°0
80+3890€1 0
TO+30€Z00°0
204260120
TCOICELL °0
f0-3zsooL o
T043ILN9IZ°0
20302921 °0
T00304€92°0
104309090 °0
1003€EL9Z°0
10432826€°0
00+43Z08LN °0
T0426LTAN 0
T0+21295C°0
204395211 °0
Z0+31606L°0
€0+360L29°0
nOeYLLE6S "0
h0e2LLE22°0
N04390LEE 0
20+4380816°0
10+321022°0
204310911 °0
TCra65LNL°0
9943Z1(BL °0
10-32¢0SC1 °0
10-3¢L€(8°0
€0-3850¢€S °0
€C-2850€5°0
€0-39628C °0
€0-39620¢€ °0
€0-3LEC0S°0

auniavd

O0TT = WH/D ¥0d SNOILDOAS-SSO¥D dNO¥D-ANO

€0+38SEON°0
10+3€0601 °0
C0+3€0N8NH °0
10-3L9016°0
00¢352Z0€1L °0

0°0

cococcoococooccoce
e
ccoccoccocacco

00+3Z1L8S°0
€0+39ZL11°0
0C+3ZCNhES°0
€0438S1 91 °0
L0-381L€E6L "0

0°0

0°0
00e39LNLA°0
0042LL165°0
00+42LL861 °0

* o o o « o v o
o000 O0O0OO0OOCOCOO

CE-E-N-N-N-RK-X-X-N-N-NX-J
.

RCISS1anN

€043S21L5L °0
0042L8C9€°0
€0+3C 1891 "0
10-322€€C°0
L0-291L1S°

.
co0ooo0o0o0oCo0o0ooC0

o000 oo9ococoocCc o
.

00+4209812°0
T0+3Z6100°0
00+3A%606L °0
2043LESHI°0
20-359600°0

0°0

[}
00+4g5E0L "0
00+dnht6L "0
10-29280L°0

N CO000COONOCOCOOOODOO
.. .
N COCOOOOCOOOODOOOOCO

e

=

=

TR DTS 3

€UeaL9EO0Z ‘0
€0+360LM0Z°0
€LeaoLzLT o
104365609 °0
20+431851€°0
LI IR TR 4 W]
CosaLNEnL 0
20+ 3500L8°0
T043LTHYL O
LU+dCOHSL "0
ToeaALOLT 0
Z0+ILNnS9L "0
704391651 °0
Z04301616°0
h0oe38YLLL°0
€040t ZHn°0
Z0JLIRIZ°0
20439001070
€0-32%00L°0
Z0+399812°0
TC+a910092°0
Z0e26999C°0
cCednni L0
LO4dnIK9Z°0
10442626€C °0
00e¢d2C010°0
TLIZZNER"C
TGC4dnLASE *0
ZO*IOLENL°D
20+41606L °0
(C+deuL29°C
hC+3LLNES 0
nOo+3LLETT°0
Hh0449NLLE"O
ZU+3B80RL6°0
LoedLLI0CT Y
TO+418911°0
20+36uLNL 0
Y0+42LEBL "0
LU-4204€1°0
10-3€40LL8°0
0-304L0€8°0
€0-465CCS°0
L0-3v6LTuc o
£0-490Z8C°0
£0-3L€C0S°0

NOLJdUCSUY

€0edLZNIZ 0
€037 LBILE "0
€0+356202°0
T0+356622°0
20+4dLLZIn’0
h0+490221°0
€0¢dsibnl *0
€0+396581°0
Z0+AEFELL "0
zoedL e 0
(A LR R 4 ]
Z044LN5YL°0
€U+406411°0
Z05Z5L09°0
©0+3090€1 °0
2043Z8Y60°0
TO*ZEMILNZ 0
20+390C1L 0
10+49169¢L°0
T0+291L2C°0
Z041S1CUL°0
Z0+4ZIEAN"Y
Z0+aRn0LE "0
2042906191 °0
10¢42v2Z6L "0
00¢3ZuHLn®)
TGr399165°0
2043L¢SE5°0
2024100920
T0+2ZLb68°0
€0¢3Z20LY 0
h0+562109°0
n0+dLLELZ O
h0¢39NLLL 0
€0+360121°0
L0425LE18°0
Z0eELLYLL 0
T0ezZg Nzl v
9044CLL91 "0
104506 0
L0-4€¢EL8°0
10+d0 L0
L043599%9E "0
L1030 LLZN "0
Lo0eanLLZN "0
104309121 °0

wNice

$T°Y d19vYL

Co*aviILIZ 0
€o0earzzZL0
€0¢210EBZ°C
[AXYIAT 44 A7
204251900 °0
h0e3EMIZL°0
(R VLT 4
€032 LYL°0
203 n0AULE"0
ZCeanss5n” O
20441852070
Z2C+dBCtvL "0
LCoSZLYILO
050090
h0+ILbEZL "0
Z0+3ELY60°0
C04aLb6202°0
2044%€M1°0
10ealsTNC’0
AR PIATE4A 0 1}
uednZouLo
LU*dy9L0n‘0
ZCeauB1Z8°0
T0*310951°0
Luss300Z6L°0
[ ENIR T4 )
20eaLSLLS'D
T0e3E 5 €S°C
Z04300252°C
20+4299S64°0
0v4051LY9°C
h0*ahY16S°C
N0+ILENZT 0
n0eALLYLE D
L0sdEZIZL 0
tLednttae(
20+301911°0
oeazea 20
9Ced1 20Ut *0
1ceageeeecoe
10-31C0L98°0
1oedcmse e
104390LLSE°D
1CedSuILn®0
104356110°0
100dukSILTO0

ilUO0eSRYIL

6
8
L
9
S
L]
€
z
)




-109-

€0¢3g12Z0L 0
FO*INLEEE"O
€0e3TCEGL °O
100306L95°0
T0+309LHE"O
h043C06C7°0
€0+4302992°0
€0¢3Z6101°0
T043ZCLET°0
Z0+40996L °0
204309075 °0
T0+36LN2(°0
20+asconn °0
200365LLS°0
$0+3L 19620
T0+3nS8L9°0
70435008€°0
Z0e39100L °0
€0-2nE0NS °0
T003ZLINT°0
20+3LL102°0
ZO+5EH50C°0
20431 0L2ZL°0
L0+391CLE"OD
LCeINEBLN O
00+3506h0h °0
T0432001LS°0
20eac19L£°0
204301801 °0
€Ce380L0L°0
004312624 °0
S0+3ENECL 0
h0e35LN06L°0
90+43SLENS °0
€0+291L01°0
L03Ln99Z°0
T04dL162Z°0
TCAZNnONIL°0
90+438Z12%°0
10-3L80LZ°0
00+3L1MLL"0
€0-38601L0 °0
€0-385h1I0°0
€0-3Ln60L 0
€0-2LH60L "0
T0-39h601°0

38013V0

06Z = WH/D ¥0d SNOILDIS-SSOUD dNO¥d-aANO

€0+399158°0
00+4d00106°0
£04200G516°0
10-300009°0
00¢31E00L "0

0°0

cococoococooc0c0
coccoccoscocoo

.

0043n1BEY°0
€Ce30N022°0
00428 486€°0
€0429€0LT "0
L0-anEnnt “0

0°0

0°0
00+436205€°0
00+2ghL00"0
0043€SEHL °0

cooco0cco0cococo0o000cO
cooccoccoocooco

=
o
I~
n
v
ld
B
=

€0+3ZHh06Z 0
00+36066Z°0
€0+aomsiIt o
10-30064Z°0
10-38n98E "

.

cocoo0coo0coco0o0
.
cccoccccasScece

0043ZLE9L "
20+4306906°0
00+39€8NL "0
€0+4300001°0
T0-350509 "0
0°0
0°0
00+38ZLOL °0
00+2LEHNL O
10-3029%5°0
0°0

0

°0
‘0
‘0
‘0
0
°0
‘0
‘0
‘0
‘0
‘0
‘0
‘0
°0
‘0

- X- RN NN N-N-N- NN NN NN N

ROISSIA

€0430926£°0
tueano0ne 0
C0+3B2115°0
Lo+ H0LS "0
204466LNE"C
h0+3€06LZ°0
€0+306992 *0
twe3ze10L°0
ZU*3ZLLIEZ O
204409961 °0
C0+dhYoLs ‘o
20+3d6LnZC "0
ZusduLonn o
T0*dbNLLS "V
hO*dL 1952 °0
Z0+43AuLRB19°0
Z0+45008¢ 0
2C+d910vL v
L0-dytCns 0
Z0435ChNZ 0
€0+39C¢011L°0
ZV+dY60LE "0
€0+41L021°0
LoeagLeec o
LO*dnL 8Ly "0
004450600 °0
20449062L5°0
c0edLsLLe o
2043998010
€o+4eCLon ‘o
LI R 4 YA
SeedenceL o
h0+A6LNGEL °O
H04dGLENS O
€0¢391(01°0
1044LN992°0
zoedeieezo
20¥an0n9L “0
90+282120°0
LG-3L80LZ°0
Cosdcir "0
€U-3u5hIn°0
€O-dbsm 0
£0-dLnboL *0
U=-3Ln6eL o
20-d491601 °0

NOIlgdcsay

E0¢2hCLON"0
E04d0LELE"D
€0+4309126°0
T0+9LELLZ "0
204anLihn °0
h0+aLN6ET"0
€osaLs0LT0
to+d10n6L *0
2043009S€°0
Z0+4An95nC °0
204311LLs°0
TV*E6LNZE "0
€o*azZnLLL "0
204396 C(99°0
H044L1h)YSZ 0
204429099°0
20420 60EN°0
T0+dY91 00t *0
10049949€ °0
Z0+409LsC 0
€o+d10221°0
ZVedtuysh o
R ETR NN A
204280991 °0
L0+IhEALN 0
00+5Sh0LNL "0
20+3n9599°0
T0*39C0NY °0
T04AGLYNT O
€0+42€9911°0
hoe30ZOLL "0
S0+46LNEL"O
h0*3d6LM61 °0
h0edsLENS "G
€0+1s0C1L "0
1043100€L°0
T0+3L1622°0
T0+3npeZl "o
90+4RZIZN "0
10+461622°0
00340 LL "0
10+3082LE°0
103911 LE"D
104392000 "0
10¢432000 "0
10432511 °0

nicli

€Y FTHVYL

€0+486700°0
t0esap9LLE"C
€0+3LYE25°0
20+4406L02°0
ZCedSLLED 0
t0+a18LET 0
€0459HEYZ O
C0+alLh6lL *0
Z0+39CCSL°0
70edRbLNE"C
20+34078S°0
204216128 "°C
€o*L9LLIL"O
T04442749°0
h0+489L52°C
20+3L959Y°C
ZU+ds%10°0
CC+3E90M °C
10432065€°0
Z0425060€°0
oednLIZL 0
2045%150°C
€0+35LCEL "¢
204322091 °0
104duZLLn 0
00222900 "0
Z0+4LsLY9°0
C004(99€S°(C
T0+a0eCnZ"0
(0+3uet911°0
hoetnL6ZL°C
S0eLLBZEL O
h0+IC1%6: "0
n0+at 9205 °C
(codecuts o
1043%6LLL"0
20437402270
ZCe31 11220
90+30LSLE 0
10439441270
CO*a690LL °C
10¢31L1LE"0
1043¢CCLE"D
10e36CCE%°C
104:2606E0°0
L0¢30ZLUL"0

4804Sk Vel

6
L
L
S
S
°
€
z
3

-
]




-110-

€043€98L1°0
€0+TLEENE "0
€0+399122°0
L0431 LENS 0
T0+3S7LNE 0
h0+3NEBLT O
€0+30180€°0
€0+30L401 °0
TCeaZC0SZ°0
20430€L07 0
T0+355619°0
T0+36008LC°0
T0+4S0L9N 0
204362285°0
h0+36086Z °0
T0+2%60997 °0
TO+3LSEEN°0
T0+3sL801 °0
€0-3G60060 °0
20+39€802°0
T043LS92Z°0
T0+390LHE°0
2043Bn6EL °0
10+32000€°0
10+4302205°0
00+30065h °0
704356785 °0
20+30H0LE "0
20439€501 °0
€0+anLsSLL 0
104390261 °0
§0+301651°0
h0+agnhoL ‘0
h0+4390219 °0
€0e3sioLL o
104361182 °0
T0435L992°0
20430C991L°0
90+38000S °0
10-32091€°0
004302661 °0
€0-actLiec °0
€0-3€110€°0
€0-360618°0
€0-360618°0
T0-39n621 °0

amidyd

GZE = WH/D ¥0d SNOILOIAS-SSOUD dNO¥D-INO

€0+388986 °0
00+3900€8°0
©0+36E50L °0
10-39€Z19°0
10-3Z8Z06°0

c°0

©cocoo0ooccocco00co
.
cccoococsocccoco

.

004345Zn6E°0
€0435095Z°0
0043CS8BSEC "0
€00321750€°0
10-306621 °0

0°0

0°0
00#3L881{ 0
00+aAnZL6E 0
004389€€L °0

0°0

P
ccoccoccaccescoao

ROISSIdLN

€03NS9LCL°0
00+aL6LLZ O
€043LL99C°0
10-3110ZZ°0
10-3G€6LnE"

cocooCcooCscoe0OC
-
CocoooCcCocooo0

004d6L901°0
€0+37€s01 %0
C0+3a6hELL °0
€043E6121°0
T0-aLShhS "0

0°0

0°0
10-319596°0
60+anB6ZL°0
10-3290C5°0

0°
0°
0°
0
0°
0°
0
0°
0°
0°
0°
0*
0
0
0°
e
0°

e COCO0OCOOOCOCOOCOOOgOO

€C+3L1GSN 0
€0+3h9CNE"0
€0+43EnBBS°0
104356505 °0
20+4309L0E°0
h0+3nEBLZ 0
€0+30180CC °C
ECedOLNOL O
204421042 °0
ZUAUYELOZ O
T04EGLNLA°C
u+d60uLL 0
20435019n°0
20+362285°0
hC+36006Z °0
04 4L60Y9°0
TO4ILSEEN"O
eedgLant o
(0-Usun6h*0
20edtu6nZ °0
fLedneLeo
Z0+30usnr °0
t0+4380GEL "0
LU439400E°0
104302205 °0
00+400640"0
ZU45Z6LE6S°0
ZueagLieLeco
204196501 °0
CLeInIsSiL O
h0+3902S1 °0
04301661 °0
ho+d6hneL 0
h04%9hZ1L9°0
ceeldgiottL o
104461182 °0
204451992°0
204380991 °0
90+.10h1n0S 0
LU-32Co1L°0
004402661 °0
€0-3€110€C°0
C0-3C1L6C°0
€0-30C61R°0
L0-360CLB°0
20-3%n62L °0

NOIlducCsuy

€0+3€C659h°0
€0+aANGSLE *0
€0+402855°0
20430ZH0Z°0
T0+98€000 "0
noesnLBLTZ VY
E0449NLLE 0
€0+310201 0
T0+396L59C°0
T0+356€C0E °0
2043161990
T0+3608LL "0
€0+31S6511°0
20432LT59°0
80436066C °0
Z042C1LLY "0
ZO*As LN °0
204481201 "0
10439P49C°0
2OVIACHLESE "D
L0239C6EL"Y
20+439LL60°0
€o43LY9m 0
TO+d6LLIL 0
L0+3€7L05°0
00+30UELN °0
Z0+3U6NHLY" 0
20442162 °0
TG*36CLET 0
€0+dnZ 0L 0
hO+dNCESL 0
$04361C91 %0
hOo+dBL NNl ‘0
hU*390719°0
€044269501 "0
10+dnCOL "0
20444L992°0
20+3h9612°0
904300008 °0
10+3€L1022°0
0020UT 661 °0
L1031 2ZNLE "0
1044292LE°0
1043L6ENN 0
LO+dLLERD O
LO*dLLLLL O

Wici

tpTY JTEVYL

€0+ILASYDO
€0+30006€ °C
€0+anL009°0
20+37900Z°0
20+4dCh6EN "0
n0+dL L c
€o+39001C"°C
€0+Z0iZ6L" C
04a5009L°0
Z0es9rong " C
Zusitey9to
ZeeI0ELLE"C
03729511 °0
70445%159°0
E0+4SBLLT 0
2043L900L°0
Z0+a6CBN°0C
20+36508H1 "0
WGediuyL o
LCed9YLSL*(
fCedLsbrL "0
Z0ed6ssn’0
€043E29M °0
TO+A16S91°0
104351105°0
0C+2YyZIsh *0
[ARFTRTIR A ]
704aHELZSC
Z044L0NEC"0
£0+360NZ1L 0
hoedLLZsL L
SO+3CHESL O
hoedhYtLuL*0
hoedenit9°0
(oeaZnsr’c
10sasnEL L C
C0+401992°¢
Z0e 162020
9041 hGER O
10¢att912°C
00*iuLB6L “C
L0eduhLLL °C
10441 uSLE"L
L0saLELnn°C
10+5CELNN 0
10+31 60610

ddUCSA VYL

~Nmzsonoro»

-
~




=131~

€0+a6z8el ‘0
€Oo+IneZLC ‘0
€CeITIGST 0
104255015 °0
T0+38ZE0E 0
h0+3aNSSZE°0
€0+448SLSC°0
€043anZLoL °0
Z2oes1c2L20
20430L612°0
Z0428ENZLO
20+301200°0
2043LhESBN O
204392€(85°0
h0+30060C °0
20+3nh90L 0
204389160 °0
20+3NSLSL 0
€0-3ZnBLn 0
20+360082°0
204302962 °0
20+3SPEYL°0
20+3P8BESL °0
10+32529C°0
1042€5625°0
00430S0Ln *0
T0+3€2065°0
20+3LL6SE O
L0+3L0B866°0
€00300021°0
h0+39L6L) °0
S0+3C2061°0
h0+3L2ZLL O
hC+3200569 0
€o+2nigiL°0
104300867 °0
20+380LLE "0
20+42€nL91°0
904319509 °0
10-2n20LC°0
00+5982€2°0
€0-20600C 0
€0-3n600C°0
€0-2€L056°0
€0-3€L0S6°0
Z0-aHSESL "0

4401472

h0e298M1L°0
GOeZENLSL O
h0+2340L 21 °0
10-3800(S°0
10-301Z8L°0

0°0

0°0

* . o0

cococcocceasso

[-X-N-N-N-N-N_-N-N-N_N-¥-}
-

00+38hLHE°0
€043LZ086Z°0
0043£S01C°0
€0035590€°0
10-3€S2Z11 °0
0°0
0°0
00#3529¢2°0
00+aLLhRC 0
00431 8G51LL °0
0°

cocooccococo00c000000
ccoccoccooaccceso

NOISSIZOR

€0+30LL6C°0
00+3L80S2°0
€0+43ahChZH "0
10-351H61°0
L0-aneEL0c"

ocoococCooCococoeo200
@ 9 W =8
coococCoco0coo0o0cOoOC

00+aNILZL°0
€0+3P9Z21L°0
004319611 °0
€CednnBLL 0
T0-3LLLtn"0

0°0

0°0
10-3n59€8 "0
00+430SZ11L°0
10-30LECH "0

0
0
0
0
0
0
0
0
0
0
0
U
0
0
0
0
0
S

N COoOOO0OOCOCoo0o0cCOoOO0CcOO

ROISST

€0+436667S°0
€04360€ENC°0
C0+3916L9°0
10+36HZ1S°0
Tee3NSENC°0
h0+30GSTC "0
€0+4USLSE °0
EC+I0ZL0L°0
Z0sNf2L2°0
20440L612°0
Z0eukENIL O
204E01Zh0 "0
TO+ALNELR"O
T0+3YZLHS 0
h0+d006hE °0
T0+Enh90L°0
20+369L60°0
20ednulsSL o
€0-4ZnBEN "0
Z0439LSSC 0
t0+30LBHL"0
ZCedL9NYE O
€0+dELEYLO
10¢30629C°0
1043750625 °0
OL+d040LH°0
2C+390165°0
20436609 °0
zoearzoor°o
LCeILhnZL "o
t0e39L6LL"C
S0+d£2061°0
hoedLCZLLO
h0+400569°0
€oeantcL 0
1043CHRGT "0
coedgaitr o
T03EHL "0
9043L9509°0
L0-an20LL"0
00+43902€2 °0
fO-4n600E°0
€L-31600C°0
€0-5€L06°0
€0-40L056°0
Z0-3nSESL "0

NOIldycsav

0SSP = WH/D ¥OJd SNOILDIS-SSO¥D dNOu9-INO

€0+39L005°0
£04505€ELE "0
€0+3LL689°0
T0+d1SN6L "0
20+302SEn "0
h0+38642C°0
€0440509t *0
€0+306LLVL"O
Z0+39191€°0
Zusdutang °o
Z0+3CLEYL"O
T0o+d017Z0n "0
€0e3Z7Z1L°0
Z043C6YNY°0
0h0450060C 0
TosdycounL o
20431 mZ0s "y
20+3ans(SLC
104311 99C°0
20+35€0C9C°0
€0449G0SL°0
20431 5205°0
€C*350091 %0
Z0+39GH9L°0
LQ+dES625°0
00420%0Lh"0
T0+322089°0
20+301L215°0
T04391622°0
€002L0u2EL O
h0¢31 (081 0
S0+20nL61°0
hoesdLZZLLV O
00+300569°0
CosdELSEL o
L0+30L1LT "y
20+388LLE"D
Z0+50uNLZ "0
90¢4L9%0Y°0
10+30LKLT°0
00 +49AZET *0
10+39¢9LC"0
10e39ENLE"0
10¢dLhpnn 0
(VAT AL )
10+40%¢0t 0

wiod

:G°VY aavL

0+3CZI0S°0
CO0+3ENLLE"C
CU+356169°0
T0+aZBLLL 0
TO+ILSSEN "0
nuedLns2e o
€C+a01 C9C°0
tcedirLeL’o
C0+36452LE°0
T0ed6CoNL "0
20+3ZL6YL°0
T0ICSLNN "0
L0+ 221D
20046090970
fCedisung"C
T0*32090L°0
Z0PILHTNSTG
20sanLLSL O
LO*LNBYL"0
20e30ECSC°C
(03Tl
0ssLitEn’o
£0e38509L°0
20*dSELYL "D
L0+3L5824°0
Cos3CLBIN"0
204aLY5u9°0
2044Z20L0S°0
204460822°0
C0+ZnoultL"0
N0 +4ZL0PL"0
S0+35n68L°0
h0e3IKRZZLLO
LUTETAR 13 2 (]
(CeebTyCL 0
L0*36Yr89°C
Z0+a9nLLE"D
CoeiruLLZ 0
YUesLULES O
10+:26E%1C°0
004:5S5CE2°0
104401 0BE°0
10030 2786C°0
10439LSn L
10¢391LS2°0
LO*5L 610170

d404SHVEI

~-NmMFVero®




=112~-

APPENDIX B

TABULATION OF DATA USED IN CHAPTERS 2 AND 4

In this appendix, data is tabulated for the Sheaffer
et al [S1l] cross-section correlation (Tables [B.l] and [B.2])
used in Chapter 2, as well as the data resulting from the
computer runs specified in Chapter 3 and discussed in Chapter

4, (Tables [B.3] through [B.6]).
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0.3 0.6028
0.4 0.4550
0.5 0.3658
0.6 0.3061
0.7 0.2633
0.8 0.2311
0.9 0.2060
1.0 0.1858

~114-

TABLE B.2

3.739
3.306
3.005
2.780
2.603
2.459
2.338
2.235

3.214
2.907
2.689
2.523
2.391
2.282
2.190
2.111

Cross-sections in barns.

NEUTRON CROSS-SECTIONS FOR FAST SPECTRA*

0.4556 2.623 2.050
0.3806 2.401 1.964
0.3311 2.242 1.900

0.2954 2.121 1.849

0.2683 2.023 1.807
0.2468 1.941 1.771
0.2217 1.872 1.740
0.2147 1.813 1.713

*From Sheaffer et al [Sl] correlation, o = clsg.

T A AL, SR AR AT M T N, £ e ——
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TABLE B.3

k_ AS A FUNCTION OF FUEL BURNUP (from PDQ-7)

23
€poL
(%)

2.0

7.0

BURNUP

(MWD/MTHM)

0

2000
6000
30,000
60,000
90,000

2000
6000
30,000
60,000

90,000

0

2000
6000
30,000
60,000

90,000

110

0.8863
0.8226
0.8356
0.9114
0.9169

0.9046

1.164
1.103
1.081
1.010
0.9529
0.9180

1.307
1.253
1.230
1.133
1.036
0.9651

C/HM ATOM RATIO

250

1.036

0.9450
0.9038
0.9091
0.8949
0.8724

1.353
1.269
1.231
1.086
0.9515

0.8827

1.495
1.416
1.386
1.257
1.098
0.9601

325

1.067

0.9705
0.9120
0.8837
0.8713

0.8477

1.402
1.313
1.370
1.095
0.9288

0.8523

1.548
1.463
1.431
1.290
1.103
0.9352

450

1.086

0.9853
0.9072
0.8335
0.8343

0.8102

1.442
1.350
1.302
1.090
0.8851

0.8062

RS
1.506
1.473
1.315
1.094
0.8893

RTINS S




TABLE B. 4
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U233 ENRICHMENT AS A FUNCTION OF FUEL BURNUP (from PDQ-7)

213
€BOL

(%)
2.0

BURNUP
(MWD /MTHM)
0
2000
6000
30,000
60,000
90,000
120,000

0

2000
6000
30,000
60,000
90,000
120,000

0

2000
6000
30,000
60,000
90,000
120,000

110
2.0
1.937
2.114
3.047
3.422
3.524
3513

4.5

4.367
4.291
4.044
3.844
3.720
3.616

7.0

6.840
6.667
5.810
4.956
4.358
3.962

C/HM ATOM RATIOC

250
2.0
1.845
1.758
2.019
2.116
2.095
2.038

4.5

4.310
4.061
3.168
2.487
2.192

2.072

7.0

6.799
6.494
5.115
3.719
2.772

2.272

325
2.0
1.828
1.681
1.771
1.846
1.813
1.753

4.5

4.300
4.013
2.944
2.158
1.865
1.772

7.0

6.792
6.458
4.929
3.388
2.370

1.897

450
2.0
1.814
1.603
1.521
1.615
1.574
1.512

4.5

4.292
3.964
2.711
1.845
1.581

1.524

7.0

6.785
6.419
4.729
3.059
1.990
1.575
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(%)
4.5

TABLE B.5

CURVE-FIT COEFFICIENTS FOR LINEAR

k., VERSUS BURNUP CORRELATION
COEFFICIENT C/HM ATOM RATIO
110 250 325 450
Sy 1.092 1.251 1.292 1.326
cq -2.092E~6 -4.445E-6 ~5.336E-6 -6.359E-6
S 1.247 1.418 1.470 1.520
< -3.286E~6 -5.177E-6 -5.995E-6 -7.009E-6
k

-c1B+c

0
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TABLE B.6
CURVE-FIT COEFFICIENTS FOR

LINEAR BURNUP MODEL

COEFFICIENT C/HM ATOM RATIO
110 250 325 450
a 1.256E+6 9.680E+5 9.420E+5 9.118E+5
b 1.014E-2 -1.344E~2 -1.318E-2 -1.071E-2
2n

Bpor = 2(€gop, - PIg5T
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APPENDIX C

FOUR-GROUP CONSTANTS

In this appendix are tabulated the four-group cross-
sectior " .ta generated by the AMPX code system for carbon-
to-heavy metal atom ratio of 110, 250, 325, and 450. Refer
to Appendix D and Section [3.3.2] for code descriptions and
input parameters. Table [D.13] shows the neutron energy
group structure and Table [D.l] gives the identity of each
nuclide corresponding to the I# in the tables of this

appendix.




(L 30 T @bed) OTT = WH/D ¥Od SNOILDIS-SSOUD dNO¥OD-YNOd :T1°D ATAVL .

9% L Z0-36RL95°0 0°0 0°0 00+30LS96°C L0+2610LC°0 104Z09791°0 CO+TLLZEL0 I0476P0A0°0 1047SHCIG0 90
(1] L €0-7608LC°0 0°0 0°0 0043Sh996°0 LO+APLLLIE 0 CC+426h9L6°0 COTABILL C LO0+7Z095L°C 10+47L0C€55°0 SN
L1 L £0-21686L°0 0°0 0°9 0043LL996°0 1043 F1GS0C°0 (04FLLGILC (O-TNLFHL°0 LO¢Z2PLTOPC LD+3L0NA5°0 ba i
w (4] 1 20-3€208C°0 0°0 0°0 CO0+43ISCS96°0 104N CFLT0 00301601 °0 (0-THCnCR°O  (O2ACLHZRC  10+70CTCC"0 € )

Th [} €0-3C2LN6°0 0°0 0°0 00439Gh95°C 10436565Z°N O00TMLPLET"C C0+3ZLE7 0 L04ALA"IL"0 IN+7CRISS*0 Zo
th ! €0-3€990n °0 0°0 0°0 0°o0 cre 0°C 0C+342AOL°0 L0STUASILC 10430900 L°F 3%
on L €0-29€5Ln°0 0°0 0°0 0°0 00 0°0C CCeTLOSLN"C  ID4IGPCELC  LAeIGCILL"D O
6¢C | Z0-3r999Z°0 0°0 0°0 0°eC 0°o0 0°0 LO-J19G9h 0 MO LLLLL"0 L10439GR1G"0  6C g
({3 t 20-309992°0 o°o 0°0 0°0 00 0°0 I0~IPTACH 0 (CLILSLLL®0 10+38%.0G6°0 8¢ {
Le L €0-210LL6°0 0°o 0°0 0°c 0°0 0°0 LO-NAILL 0 10¢7(FLINI"C I0+79LL9°C [ |
9¢ L €O-ALNLLE "0 0°0 o°e 0°0 0o 0°0 10-37NGCH "0 LD4TITHI"I°0 L0+3Rh0%2°0 9C
St ) 0°0 0°0 c°o 0°0 0°0 o-c 0°0 c°0 o°0  of
L14 t €0-32L865C°0C n°0 0°0 0°0 0°0 C°0 LO-H0K0NL 0 LOeTHATL9°0 (0T (5619°0 a(
€ ) €0-312902 °0 0°o 0°0 0°0 (] 0°0 ONeINESIC 104T77109°C 1047074 (9°0 €
(44 t 0°0 0°0 0°0 0°0 0o°c 0°0 L043LLONZ°0 QT LIORT (¢ LPeT107%2°0 2C
(34 t €0-305LnL °0 n=c 0°0 0°0 c-o 0°0 C0«I9LL9L "0 (LO+3HGLET0 Lo« RLOL""0 LC
ot L h0-2€02LL°0 . 0°o 0°0 0°0 0°0 00 1)-7T1SL°C 10T UUNIG e LNneTZaneG 0 OF
(24 L 00 0°0 0°0 0°C 0°0 0°0 Z(-3M956L°C 7ZC-74L0G6G"0 T0-InCIPA°C G2
az t 0°0 60-30ZSth°0 Z0-96080C°0 o°0 c-o 0°0 #I=FLIULH 0L IDeSNSZIL 0 IDeTCRLAZ 0 B2
(24 1 20-152882°0 0°0 0°0 00439GL96°0 LO0*AL9RAZ "0 OC4ANENLA°0 00+ GILLL 0 IDFZA™IA"0 (10718 PGN (7

AW 9z [} 20-3czL9oz °0 n°o 0°0 00476%L95°0 LOCIAOLST C LOeILACZL"0 O0047AFRLL 0 100UGCELL™0 LD2CrZHS°0 9T

~ sz ] £0-399289°0 0°0 0°0 OC+A6MLI5°0 LO4TLLARIZ-0 ONACOZHITC O0OeT L% . HL°C I04INTANL 0 (LPe20L4LG°C G2

— LE4 ] ZO0-2n62LT°0 0°0 0°0 O0C+IEL996°0 L023CC09T°0 LCHALIGKL 0 00eIZ7NOL C LO*ILCASL 0 1941672 uG5°C ol .

1 £z L T0-380ZL"°0 0°0 0°0 0043CLO96°0C L043INAPET°0 LO-FLA7ACC OCNeIEZFEL "0 10+4Z0°RIL°0 10+Thtfr0°0 €7
|44 [} 0°0 0°0 0°0 0°0 (] 0°N P-TTERLN9°N  L0-3RAIR9°0 10-75770G "N :
(¥4 [} 0°0 00 0°0 0o G0 C°C 10="M6L 0 10=T90(G1°0 10-FORANL"0 (7
[ 4 \ 0°0 0°0 0°0 0043C0696°0 LOILFOCE"0 NOLTLALINIO J#IGATLLTO LD THIRIGCE L0010 0F
(13 3 20-38€0NL°0 0°0 0°0 00+3€06°6°0 LO'ILARIOC "0 OCIIRFTEAC LO-"THILLL°0 LCeT22%ALC  1C+=61516°0 61
L1} i TO-30528L 0 (] 0°0 O00+A6NLIG 0 (0¢T(OLIZ"C 004309CLF"C OIS0 (Z°0 LU+INPLI8°H 1Ne=9LIN%"D 81

: (A} | CO-RSLOLH 0 PO-ANZHIL 0 HO-THZN9L “0 0°0 0°0 0°C CCaTCIN07°0 1C+TAOLOL 0 1C4AGnGP5 "0 [

" 1 0°0 0°0 0°0 0°0 0°0 N°0 CO*IINRZC LOLLAFL 0 ICeTLIFHRM"G 9L
St t Z0-809CLZ°0 WnO0-3h300h 0 NO-35900+°0 0°0 0o°n 0°0 COsICHLN0Z D I1D4TFHSETL 0 LRe7S0L°G°C 6L :
" 1 0°0 0°0 0°0 (e} 0°0 C°0 0ONeTUIGEL N COSTOUGIL"0 ONPeIZI51L°0 WL oy
tt L 0°0 0°0 c°0 0°0 0°6 O°0 1CsTRFLITE N (O LZS°0 10edlAL) [ :
21 ] €0-291882°0 c*0 0°0 0°9 o-e 070 00eTILANZT0  L0eNIZLINC LheIN7Hr90 7L
(4} [} €0-InLRZC°0 0°0 0°0 0o°¢ o-¢ 0°C LC=TERA(C 0 1CeT6n779°C LFeT17909°C 10
L1% \ 0°0 00 c°0 0°0 0°0 0°0 n°o ce o°c ot e
6 4 £0-20LHZE°0 0°o 0°0 0o°o 0°0 0°C 10-IGH71G 0  LO=OMETAIC  LO+ZTNIGHC 6
8 ] 0°0 0°0 00 0°0 00 0-0 0°0 0°0 0’0 @
L L 0°0 20-31Z€9Z°0 0°0 0°0 0°n N°C FI=37FRF°0 10T LZLLA"C 10478020 ¢
9 ! 0°0 0°0 0°0 0°0 0°¢C 00 E0-7PLFHL°C fC-"81CAL"C fO-3CLLIL°C 9
S ! . 0°0 G0-3LSNEL°0 T0-2180E2°0 0°0 0°0 0°C (I-TUATZL *0= LO*TR(ASE 0 IP+7LIZRZD § {
° ] 0°0 SO0-3LSHBED TO-FLHOAEZ 0 0°0 0°0 0°C GI=-TURZZL0= LO4TILCN5C°0  LQeILITPZ 0w
€ 1 0°o0 0°0 €0-310051°0 0°0 (] 0°C Q0=36Y2LLC LOSZCOLRZ0  ACaTOO7Z°Y ¢
z ! 0°o0 0°0 €C-2L005(°0 o°e 0°n 0°0 Q0-TRIZLIO 1C470013T 0 LFPeZCE77°0 T
1} 1 - 0°0 GS0-3Sn611°0 0°0 0°0 0°0 o*e 00 INATZHNLE0  LDeRZHHLZ0 1
(34 1381 NZ-R YHITIT ~N 1Hd ne NOISSIA YRRV ON-R 1yi0L Jnpacnval L B

I 40099 204 SNOILDTIS-SSOHD DIJONSCUITA H




(L 30 z @bed) :1°D TTAVL
on T 0°0 0°0 0°0 10-3LATPE°0 10+TONFAZ 0 LO4TLELOG0 LD420LZLEL°0C Z0+70FSLL°C Z0+70%0LL "0 9% *
(1] T 0°0 0°o C°0 L0-20GSEE°0 1047L2L02°0 O004THFL°0 LO+ALPLOL°O 2047Z1991°C 7C*769°GL°0 G*% |
nh b4 0°0 0°0 0°0 LC-TLE7FE°0 LOCACOLAZ 0 L04TZRHINT 0 1JeAL29LL "0 7CeTITAGL"0 ZO4ZZLHSL°0 o8 H
(1] 4 0°0 0°0 0°0 L1C-A%S9NC°0 L0e3LLTCC" CO-FZ1HLL°0 O0DaTICZG6°0 7Z0430/ACL C 700IS/HGL"0 (0 |
t 4 4 c°o 0°C 0°0 10-39€05€°0 0°0 0°0 LOATNRMET®0 204505010 ZPeTLLATL D 78 |
(%] z 0°0 0o 0°0 c-o 0°0 0°0 1C+TLZINC"0  23ICZNCL"D  Z0+79(271°0 | *
L1 1 0°0 0°0 0°o 0°0 0°0 0°0 LOWTLGANL"0 TOF6SLEL D ZCARZ7CL°0 O®
&6C 4 0°o «°o (S} 0°0 0°0 C°0 COMILIGLYI®0 704710971 °0 704200721°0 6F
3 (.14 4 0°0 0°0 0°0 0°0 0°0 0°C O00+TNEHET"0 7C+7513721°0 Z0+37e271°0  8f {
LE z 0°0 0°0 e°e 0°0 0°0 C°0 O0sTRANGAT0 TOTNUINIZTT0 7CeTRNINZTC LT !
€ 4 0°0 0°0 c°o 0°0 0°0 0°0 0De(FAIR"C 1047ARZH9°0 (Pe7p+rG0°Q 9¢ {
111 [} 0°0 0°0 0°0 0°o0 e°e 0°0 NYeINIHNNF°0 00+39IKPC°C OreITLENZ 0 ST
2€ 14 0°o 0°0 0°0 o°o 0°0 C°C 1O*LRZCL 0 LOTIFLLA°0 104217990 af
€€ 4 () 0-¢ c°o o ¢ o°o C°0  10sTNGZLT 0 LOSZNLAKO (LILI75H°0 €F
(41 t oo 0°o o°o 0°¢ -0 00 7030610F°0 77300106 C°0  Tretansarr  2f
Le 4 o°c c°o 00 c-e 0-c 0°C LCeTRAUCML 0 LOATIGARN  (PeT60020°0 LT
v (9 4 0°d 0°0 o°o 0°0 o°e 0°0 10434991170 10T 74HL"0 10T 1ZInL"0 OfF
62 t 0°0 (L] o°e 0°e o0 0°C O0C449%101°0 (04T7CLOL°0 OC+1GLr0L1°C 62
[1}4 < o°o o°o 0o°o 0°0 0o°0 o-e 0°0 L0498 /SE"0 LNeThONFE"N FZ
(R4 14 0°0 0°0 0°0 LO0=-39CHZC°0 LO4AONLGZ D FO-ZG7RAVG°0 1Nex (HLK"0 70377651 °C 7Ce31CPnL°0 (T
| 9z 4 0°0 c°c C°0 LO-ABAGZL°C 10479CHARZ°0 10+2090Lh°0 (243(A7AL°C 70+799191°0 704u50 010 9T
1 u (%4 z [} 0°o0 0°0 LO=THOSTE"0 LO4Z0ZLIGT 0 ZO=-4fZEO°0 OS2 4CIHL"N 70225 L7L "0 Tha™narr1°C 67
— L14 z 0°0 eo 0°0 LC-TCLTEL P LOOIRTALZ 0 LOTIZH RS0 COeT(UME L Z08=77591°0 7030040 1°C #l
I (%4 z 0°0 (] 0°0 10-7€L7LC"0 0°0 0°0 124347L0L°0 79e71GANL°0 Zre70rnnL*C (7
[ £ 4 t oo 00 neo 0°0 c-0 N0 00eI6FIOL N COTLIIOL0 CPaTLF A%°C 27
%4 L 0°0 0°o [\l ) 0°0 0°n 0°G CLeI54007°0 COIGLONZT0  OGe™OLGF7°0 17
0z T 0°0 oo C°0 10-39940C°0 10+50RNOE°0 ZC-3G2CNL1°0  L0eOLNIZN 704775561 °0 703541710 07
64 z 0°0 0°0 0°0 1C-7996CF "0 1043(SIAT 0 LO=-30F9Z7°0 1070010 704T0CKARL"0 Z0eT1516L°C 61
nL T 0°o c°0 0°C 10-3amsce” oo 00 LOeT0OFPUL D TROTUNMIL 0 2QeGErCL"C 9L
Lt 4 0°0 0°o c°o 0o°o 2°0 0°3 1Je100ISL 0 7N8TLTSHAL°C  2Ce5ronLC (UL
9 4 0°o 0°o n:o 0°90 0°0 0°C LOCUNKINTQ 704T500PL°0 7reZa9Gr 10 91
St 4 0°0 0°0 0°0 n°o 0°0 D°C 108376 0 TIeTLESLT0 7reTogitZzn GL
]} [} 0°0 00 c°0 0°0 o-e 0°C FO0ISNARL C EOOTSPERLF  fNaTRCIGL 0wy . .
(43 ] 0°0 0°0 c-o 0°o c0 0°C FCei0TH®C FOLSLEGITE 0 FR+Z0HN1e°C (1
143 4 0°0 0°0 c°o 0°0 c*o 0°C 12639402970 Z0eCRZITTC 70eTrIZ°0 2 -
(93 L4 o°c 0°0 0°0 o°e 0°0 0°C CCe7CA7IG C LCATASPIE L LC2LLLTR" 14
ot ) 0°0 0°0 0°0 0°0 0°0 0°0 0043CIZ 0 CO+70A9Z°C NQeZLZFCZ 0 OL
6 4 0°0 0°0 0°0 0o°o 0°0 0°0 10473050810 LO*ANPFER"C LPAeSITITA"0 6
8 [} 0°0 0°0 0°0 0°¢ 0°0 C°C H(-TNTSL 0 4C-TAHUISL C HC-7P61NL°C @
L 14 0°0 0°0 (1} 0°0 0°0 0°C fO-F1CRNLL°0 (O™ LZINT "0 10T HLHALL D %
9 L o°c 0°0 [ ] 0°0 0°0 0°C 70-1%9(07°0 0-INPLO7°0 IA-ICPCT° 9
S L4 0°0 0°o 0°0 0°¢C o°n 0°C 90=39nsLL " LOSCLASEC L10e3DFanF D §
L] (4 0°o0 0°0 0°0 0°0 2°c 0°0 20-T9n6e1L°C 1047EL55C°C LQeT06LME°C 0
[1 z 0°0 00 o°c 00 0-¢ C°0 SC-FULCLIATC LCeTLIFORC 10e™I70r8°0 €
z z o°ec 0°0 0°0 0°0 0°0 D0 SO-TLELEA"0 Q1QeILIF9%°0 LFe392°70°0
t 4 0°0 n0-7381C1L1°0 0°o 0°0 0°0 o°¢ 0°0 AHeITIATLT0  ORZIEHP9°0 L
T L3S zZ-n THA1V-" md ny NOISS T4 TuReN-% TvioL LUNESHYEL (B

T dromd %04 SAOILOAT-CSCRD JTIMSCEIIN

s L P WA e a el i o B ] - ; . v o i

D NPT TV R WY S PR T A O e




=122~

(L 30 ¢ @bed) :71°D ATLAVL
9 [ 4 0°0 0°o0 0°0 SO0-0CLY99°0 LOe3GTEKZ 0 TO0+3IZOUSL®0 704Z9FLN9L°0 FO+3LIN0L"0 (€0+TL050L "0
St € 0°0 0°o0 0°0 S0-306169°0 L0*3I8699Z°0 O0042BSH0OZ"0 ZO0+TSIAGT 0 T70TLALRG"H  TCeINTA7G°C 6Sh
LA [ 4 0°0 0°0 0°0 SO0-IC7Sh9°0 P0*ICCLRZ 0 ZIO4INANEL 0 TC4TIOZOG7 "0 T0e2GLTIZL 0 707L177L"C nn
(4] € 00 0°0 0°0 SO0-anen(9°0 L043SHIET" L0=-2(0BLIT°0 TO+ISAONT")  7043CLINS 0 7007C757.5°C €8
(4] [ 4 0°0 oo 0°0 S0-3ASLGPI°0 0°0 0°0 70¢7hALOG"C 7CeTNTHLI°0 TL43945(3°0 T*
iy € 0°0 0°0 0o 0°0 0°0 0°0 FIGILBLIN G (04759578 °0 (*
(L] € 0°0 0°0 -0 0°0 0°0 0°C Z0eTCAFS6°0  FOCTOLIONL®D FLeTLAINLT0 OF
6¢ € 0°0 0o°e c°c o-°e c°0 C°0 €O+3UNG0UIr°N FO+ PCLLL 0 (OeZ8Lr1 L0 6F
(14 € 0°0 0°0 0°0 0°0 0°0 0°0  72430(NCR°0 TIANGUBIETC TOeTLLILR®D 3T
Le 1 4 0°0 0°0 0°0 0°e 0o°o 0°0 7C+3NO0LY°0 70+7197AC6°0C Tre7UIG776°C L€
99 € o°o 0°0 0°0 0°0 c-o 0°0 704FLLACL"0 70e7Z7SLT"0 70e30(512°0 9F
111 ] 0°o0 0°o0 0°o o°o o°c N°0 1C*TIZHZLN°0  10¢TTH71970 10+3LPHIN"0 SE
L19 € 0°0 0°o o¢ 0°0 0°0 0°0 FOYICSHIL 0 fCeT09/"n°0 (QeZRF70°0 0of
(11 € 0°0 0°0 0o°o 0°0 0°0 0°N  FIeATGAULT0 FOeANNELT "0 f0+47¢97172°9 ((
143 1 0°0 0°0 c°o 0°0 0°0 0°C (0477 GFELN"C F00UCLN"0 (FCeTLS5(0"D Z(
Le [ 4 0o°o c°o (0 ] 00 0°0 00 1OIFINLHC TOLSHALILT0 TO07GONFL O AE
0¢ € 0°0 o°ec ol o°o o°n 0°0 706759097°0 TOCINGTILCO  (NeTIROAL0  OF
62 [} 0°o0 0°o o°o 00 o°e 0°C 70301 OFF°0 70NN C  TCe2710°F°0 K7
[:14 4 o°o0 e°o 0°0 o°o 0o°o 0o 0°0 LI+3G90L0°0 1QeZE7790°0 37
(%4 € 0o°o 0°o o°e 00 0°0 0°0 70eANLONN0 704IGERNRT0 TRLIO0ICART0 (T
9 € 0°0 0°0 €9 C°0 100307002 °0 ZO04TRONPCE"0 70¢IANRLAL"0 70478961 9°0 7022F619°0 92
L 14 € 0°0 [ o°n o*e¢ - c°0 0°0 7I8UFCNGCHTO (NATITOZLD THWWBUL0 ST
(14 € 0°0 0°0 0°0 0°0 10e2GZ0SZ°0 TO0TLIGLIT0O 7O042050RL°0 70 InIMLAC 2047970L°°C 7
(24 € 0°0 00 0°0 0°0 5°0 0°0 ICPICASCL®D ZRTLLT "0 7N IWF7°0 €2
[£4 [} 0°0 0°0 c°o 0°0 0o°n D0 TI4ATHINILTH 7NeTZAOLLD  TCeZAZALCC T
(%4 t 0 0 (1] 00 0°o0 v°0 N0 LCe"RrACL "0 LOZHFACL 0 LfeZFnsnL®0 17
oz € 0o-e 0°0 0°0 0°0 o°e 0°0 JO+TIALCEHTQ 7TReT7HLIHG 0 TAWI07 5N 7
61 € 0°0 0°0 0°0 [ 0°9 C°0 E0eIPFL*ITC (Oe2FENUL 0 (Ne2rSPLL°C 61
111 € 0°o 0°0 0°0 0°0 0°0 0°0 <TCe”4NH%0°0 704717S0L°0 2ZNeTf0PRO°D AL
(4 C 0°0 00 0°0 0°0 0°0 0°0 I ILLLI 0 FO*I7AMIZ°0 (ReTYRGL7 0 (L
9N 1 3 0°0 0°0 0°0 0°0 c°0 0°0 FOTIMNE7°0 ECeTLPLHT 0 EreTnien7°0 91
St C 0°0 e°o 0°0 0°0 o°o 0°0 (O¢7LANL°0 (Ce7FLNT 0 (QeTGLCLZ"0 SI
L1 (] 0°0 0°0 c°0 0°0 0°0 0°0 I3 1PMOHT0  HOCTLNIRT0 N0 IR0 WL
€t 1 0°0 c°o c-0 [} 0°0 0°C H0eI(IYUDD  RLA5099 9T BNeT2AYL9NT0 (1
4 [ 4 n°0 0°0 0o°o0 0°n n°0 N0 10T FROF 0 (Ia=240LN°0 FNSHCALNY0 2L
Lt € 0o°o 0°0 0°0 0°0 0°o C 0 10e20LPLS 0 7CIPICHL"0 70e3Lr7FL°0 (1}
ot L 0°0 n°0 c°0 0°0 0o-°¢C C°0 10426M91EN"C LOeZLRAER"0 LQPeTETOr*°0 OI
6 € 0°0 0°o c°0 0°0 0°0 0°0 TIeNML7S°0 72077689 °F  Zra3(fSN°0 6
8 } 0°o0 0°0 0°0 0°C o°c 0°C TCOUUMNOL G 708LANGEC Tra=cocre* 0 8
[ 3 € 0°0C 00 0°0 2°0 0°0 0°0 Z20-297€06°0 (1045SELTT 0 LCe309772°C L =
9 i 0°o 0°o c°0 0°0 o°n 0°0 1C=(LSZE°C  10=TLLS7C°0 LC-3e0L7F°0 9
S € 0°o 0°0 o°c 0°0 o°c 00 SC-TCFILATD LOOINUIOLE"D 1CeI7FOSE°C S
i € 0°0 0°0 0°0 0o°e 0°0 0°0 S0-TCLELA"C 1NeININLC*0 L0eIZPISE°C &
£ 4 0°0 0°0 0°0 e-°c oo 0°C (O-TrZOfL°C (0¢T&IGLH°0 (OeTLrIS2"C €
14 € 0°0 00 0°0 0-0 0°0 0°0 (C-"AZOCLO  1D3GESLN"0 LOeTLEICH0 T
1 14 0°0 (€o0-36tLl0Z°0 00 0°c 0°0 0°0 WO-INEPTT0 0CeALZHILC ACeZR7C19°0 L
[} 1084 a-n RZ-R YHAT1Y-R Imnd nn ROTSS 14 YUNYD N iviol 1804S<val

€ 4no1d %04 SROIZDIS-SSOND DI4MOSORIIN




(L 30 p @bed) :71°D FTAVL

1 9 L4 0°0 0°0 0°0 00-Z9Z0ZL"0 10¢ACICH7°0 CO*RVNLLEDI 0 FO+INGIET "0 FOTZONEU 0 (0TRErAR"0 99
s Se € 0o°o 0°0 0°0 B0-ZNSLIL "0 LOINAINT "0 COSIOPAST 0 HPeTUARCLT0 HD4INGANL O HFeZETLNL0D S»
hh € o°c 0o C°0 90-TZCILL"0 LO*RAFFIRNRZ"C €D+IGCHLL"0 (OITONIN D H04T6(GZL 0 HC0+29(°7L°0 *»

£» g 0°0 0°0 0°0 0C-T65LTL°0 1042561CZ°0 #0=-3G77R9°N 104351 MIL°0 12e0ANAHL6°0 7043LTTOL°0 €@

n " 0°0 0°0 €°0 01-3900CL°0 0°0 0°C 7ZCOIPPANA®0 ZO0SIZLZIL"0 7C+TCLE7H"°0 2%

(1] z 0°0 0°0 0°0 0°0 0°0 0°0 MIPANGLES 0 NO4ANLULFG 0 MO TZUNTSTD LW

(1] T 0o°o [} 00 0°0 o°o 0°0 (079 2G°0 FOINNG N (NeI60F/G°0 OV

L14 14 0°0 o°o 0o°o 0°0 o°c 0°0 70*T(O7NR°0 7047(NZKN"0 7030770R°0C 6F

3 8t k4 00 0°0 0°0 0°0 0°0 0°0C 7I411795F°0 704719920 °0 TOC4THLL7CTO0 6T
(41 z 0o°o 0°0 0°0 0°0 o°e 0°0 704479AZ2°0 Z04°F9427°0 ZC43CLSFZ 0 L€

9¢ 14 0°0 0°0 c°0 0°0 0°0 00 FI*CELLL O FNIGELLL"C FQe70OZFIL0 9¢

St i 0o°o c°o 0°0 ese 0°0 N0 Z04Z900LL°C T0¢3700€CL°0 70 «29967L°0 S(

e z 0°0 0o 0°0 0-0 c°o 0°0 ZCsTULLGH 0 TOSINLIGH D TNeATZCF %0 ol

3 € t4 0°0 0°0 e°o o 0°0 N0 7R43HL990°0 TOATHINNE 0 TOeTrOUNT A
144 [} 0°0 0°0 0°o0 o°o 0°0 0°0 t0AMN UG 0 WCATWUG O *PIUNTUIS0 2

(33 T 0o°o 0°o0 0o°o 0-o 0°0 0°0 (04142307°C (OC7HLIAINZ"C FOeAGIUNZ 0

ot 14 0°0 c-o 0°0 0°0 oo 0°0 7COUCFSI™0 704TLEFGL0 70+300750L°0 OF

52 L 0°0 0°0 0°0 c-o 0°o 0°0 ZCsAUAZLL 0 7Ne2L6TLL"C 70419°171°0 67

8z k4 0°0 o0 o°o 0°o o°o 0°0 HD-34LFu2°0 104T7GINIC0 1CeASOLLH"0N 87

(24 4 0°0 0°0 o°o 0°n o°o N0 TO4I-H107°C TOITEHUOL0 7NLIRCRTIC L7

..hu 9z L] 0°0 0°0 0°0 0°0 1043T0FNZ°0 C€O0266161°0 7O043/LLOF "0 FN=ZANNT "0 FNeTGS/ (20 92
o~ s {4 0°o 0o°e c°o 0°0 (] NS0 72447an0r°0 ZRe0L4L40°0 2?3477 %0000 G2
-t L24 4 0°0 oo 0°0 0°0 100aACGFOSZ 0 CO20LCIZ 0 7O0eINART 0 F(4ARKILZ 0 (CeTLwra?*n w2
1 (%4 4 0°0 oo o°0 0°Q 0°0 0°0 1C047Hn507°0 ZO0T7LIGCL N 7RI LOGSL°D €2
[£4 \ 0°0 0°0 0°0 00 0°0 0°0 1074219570 104T6719G°C 10«71 20550 22

[ X4 ] 0°o 0°o0 0°0 0°0 0-¢ 0°C O0047H%IZH 0 CO+SLR9Z0°0 00+211578°0 12

L1k 4 € 0°0 0°o 0°0 0°o () 0°0 FINTCLALL 0 C0"HLh9NL "0 fFCe3Lo(ul"0 o7

61 € 0°0 0°0 0°0 0°0 0°0 0°0 ZO+47GCEL"0  Z04=UIACTZ0  7(eA70077°C 6L

18 4 0°0 0°0 0°0 U o°0 0°0 10°ULLNZ "0 Z043E6LLIL°0 ZNeZ2€ENP71°0 PI

(4} £ 0°0 [ ] 0°0 0°0 0°0 0°0 FO4IR774L°0  (04I7LIGL°0 (NeTr9CL®0 (L

i 14 0°o0 (] 0°0 0°0 o°e 0°0 ST LLZ 0 MG 170 9

St € 0°0 0°0 0°0 0°0 o°c 0°0 GOTOOLNZ°0 6De4INILHZ ") GOTCTSu N 4L

h I 0°o 0°0 0°0 0°¢ 0°0 0°0 f0+7067(G°0 FReTANS"D FOLLRTLS°0 9L

€l L [ ] c°o c°0 00 G0 0°C S20IGLTOL "0 SDeIGIFOL"0 SOeIZ1EN°C £I

zi 14 0°o oo 0°0 0°0 0°0 0°0  ZD0IEG5L0°C TOOTESSIN0 ZCeTLATLALO TH

it ? 0o°o 0°0 0°0 0°0 o°c 0°0 LOATRZNEF C 104TISZPFC°0 10e29P097°0 1L

] [} 0°0 0°0 0°0 0°0 0°0 0°C <TOWAPPRLS O Z0e3NPHIG 0 7ZNe3LLIIS"0 OF

6 4 0°0 0°0 0°0 0°9 o°c 0°0 7C0INLFLL0  ZOSTINLELIL"C  Z0e3n501L°C 6

L] ) 0°0 0o°o 0°90 0°o0 0°0 0°C ACeTILEN°0 QReTYQLIAR°Q aLe0 (N0 P

L [4 0°0 0°0 0°0 e°0 0°¢ C°0  10-30LMIT°C  1NAISHLLLD  LNT7A7°0 L

9 L c°c 0°0 0°0 0°C o°e 0°0 ONeZeZuRf*C  ONOTSZNPEC ORI 7RLO7°0 9

S L 0°0 0°o0 0°0 0o°c 0°0 0°9 NO-TYNSKI "0 L1O047LEIPC 0 10ZNFIN°C S

L] " 0°0 0°0 o°e 0°0 0°0 0°0 P0-3(MCHI°C LD*IALERLC D LOeSIA0ER"C 0

€ L 0°o 0°o 0°0 0°0 0°e 0°C TO-JCLFSL O 10STCAN R C (NeTPZI7S°C €

4 L] 0°0 00 00 0°0 0°0 0°0 Z0-ICLESL°0 L0+"0L™(H°D 10e7L7IFG"Nn T

L 4 0°0 0°0 00 0°0 0°¢c 0°0 Z0-37H29Z°0 CFOIILELL 0 N0e«AENREN"0 |

7 2250 g-n Yid1v-n IR (4] ROISS IR THHYN-R 1viol 1¥0as%Ynl "1

& d4r0¥9 B0 SKOILDAS-5508D DILJCOSOEDIN




(L 30 g @bed) :71°D FTAVL

0°0 00479864Z°0 TO0¢3ILZSLL°0 9n
0°0 00¢3C€CZRL°0 TC+T99PHL°0 SH»
0°0 0043LHLNHL "0 TO+2N9NLL°0 &0
0°0 0C+3anSS0Z°0 Z0+366601°0 €
0°0 O00+3ELLEA 0 TZO*ALWROL"O0 2w
°0 00+76180Z°0 10431S869°0 (N
004ZLN6LZ°0 LC*Z791965°0 On
00422901 "0  Z0429ZELL"0 &F
004357961°0 70e2°70LL°0 9F
L0-30L60A°0 ZCeTNNSOZT°0 ¢
10-399C9H°0 1C+RCLS96°0 9¢(

0°0 0°0 Sf
0042CLSZTL"C 10¢4TBLLOS°0 [
PO+AEEPSL™0 104377905 °0 €F

0°0 0°0 2
00+3ZCCCL°0 10430GERL°0 L
10=-3ZSLCO°0 L0+T996L9°0 OF

[ ] 0°0 62
00¢3L6ALL°0 (CeRLECSE"0 87
00+76ZSEN°0 Z0eASILOL"O0 L7
00+3CLLIL "0 ZO0+2PLAOL°O o7

10+70L989°0 9%
10470921970 S
L0437%CL9°0 &b l
104TZ0610°0 € !
10477 €9Z9°0 Zw
1Pe7678L7°0 L8 |
L0sI%5199°0 O
10474906770 &€
100T1LE69°0 €
tPempEnzo p  Lf |
10+7n010°0  9F

00 of
10456921970
1007266050 €€

cto zf
1043002790 1
LAeZInGEG "0  OF

a0 62
trei(roarg Rz
1003707000 (2
10+725220°0 97

.

ODVVUANID0D009UDV0VONOTNDODIIVUNDOIIIIDNIO00A00I0O
.
0OV VDNDIDNDIVVDVVI0V029000WNTIVNOIO0DOTITQUOOIN0AVOODO

.o
3

.
. e
Q 3
VDOO0O0O0D22022792I73797929099309390020903099202%2009000Q9250900
.
.

& 8 W
SocesSccasso

. "

. .

B

0000303093833 08000330000
3
.
.
v

)
.
.
.
.

. ‘0 00e2NLOLL"0 ZCHASE2LL°0 4 . . 0 1007509970 ST

! ¢ 0 0ONOLZGL0 ZO0INCOOL"0 5T ’ 10474GHES"0 W2

- ‘0 00430961Z°0 Z0eALNICL*D €7 *0 1Ge7SICNL"0 fZ
i . - 0°0 0°0 22 . . . ng 22
{ 5 0°0 0°0 2 * ® < LR ¥ 4

t0e¢e0LRan"q
LO" i7" n
LCe2nRNRL "D
L L ol W A ]
INsZrs0nn "0
10eZ0CI "0

S

r-o
104362002 "N
102T09066 "0

CO+2CNE65°0 Z0+360RCL°C 02
00¢3EC0ZL °0 TOCATLUAL"D &t
00429097Z°0 20+395(%°0 91
00+INFZSL"0 ZTOsAGLEZLI®O LU
0043Z97wC "0 (0¢T0LSL6°0 It
00439Z10C°0 704370071°0 St

[ ] 0o°n w

0°0 00 1
LO-200NAG"0 200202091°0 21
0043ZL0SZ°0 100UTHLL"O0 L1

° .
K3
. 0
. .
. vy .
000020979 720003590902939Q0903097903000020200909 0900000

. . .
0000050800098 000033080303000
Y
.5
v

0000090000990 929900909

0229999009209 00029909C INO0O0MNMTOV0000ICO0O2O
.

S 00 P 0000 ODP o0 g 80P Ve g0 g ® gty ® g dgregrgean
D000 CO0P00090000N0CIDVD009000PO0Y2702000n09Cco00P0900
.

0009000000090 000C00000000009000N0I0000000090000°
.
009090090000 200900909000090090009090MN0OVQOO0OI000
.

,FNMPNORDEORNMININD SO
- e e e . ey

s $ 0°0 0°¢ ot * & 0° 00 ¥
* “0 0003R6CHT0 10+ALLO6L"0 & * . 0°F 10e700NNS A

e . 0°n [ I ] * 5 0 eec

& "0 0003ZONZZ°0  LO2AREALO0 (L ™ ¢ 0°9 t0s2&nNa[ 0

. & 0°0 0°0 3 . . 0° 0°0

i “0 00+207LCL°0 (0+36C25C°0 * . 0°0 LOs2Eronr 0

- “0 00+70ZLCL°0 10076026C°0 & - - 0°0 10errrang 0 >
* “0 0042nLS6L°0 104761150°0 € = E 0°0 1043701970

bt “0 0043nLG61°0 1062071600 I 4 = 0°0 L0e70RLO7 0

. *0  00+39COLL°0 0043CE(9°0 | ® ¥ 0°0 INe3LELBZ "0

9--(t-9) 9--(2-9) 0--(1-9) 9--9 " 9--(g-n) 9-=(2-0) fN-=(1-9) 0--9 '}
Z anono 1 anoun

SROILDIS-SSON) ONIEILIVOS




-125~-

0°0
[
0°0
0°0
0L-266L0%°0
0°e

Qo000 ccod90000
CO200000090CO90

90-352Zubl "0
0°0
0

“0

‘0
0L-2n6689°0
01-276689 °0
60-36%129°0
60-768129°0
0°o

9--(g-9)

©coo0o0o00c000c000029000
e85 00069538000609G0

0°o
60-38L1€Z°0
80-3L6LSL "0
80-325SL€°0
90-36L6LL “0
‘0

. 9o o @9
Po0C0390990°2c0

3

.

L0-39802

I
009D O%0Pd20c000

Q0000990000009 0d9000
.

60-38LLN

90-2120L1L

acoO~0o®o

f0-20€£09

(T .
COoI900909 2000000 n

©c0©9009092c090900
.

9--(2-9)

(L 309

Z20-TL LELB0
L0-7LS06Z°0
T0-39LN066°0
20-39%88°0
10-20ZLCL°0
L0-394SZL 0
20-3GLL6L°0
10-795471 °0
10-399¢CLL"0
L0-30069C°0
10-3LS019°0

c°0
10-352Z12°0
L0-20LhEL "0

c-o
10-319L91 "0
L0-3agtzotL°0

0°0
10-3016€S°0
10-387¢01°0
to-21C6C1 °0
10-3€0901°0
10-360671 "0
10-asLLzL°o

0°0

0°0
10-3€1LLL°0
to-3Crq8T "0
70-3€0S16°0
zo-asrooeC "o
70-31LH069°0
10-annsnAL 0

0°0

0°0
Z0-3S6h6R°0
10-2605€L "0

0°0
10-3L08¢€1 "0

0°0
10-30PL 6L °0

0°0
10-391266°0
10-7h1255°0
10-73CL 76 °0
10-2AFLZ6°0
10-aseLne "0

N-=(1 -9)

0 anoyo

obed)

Z04307LLL "0
T0+3L0LE6°0
1043L07Z6°0
10+30906R8°0
L0420a0ZG50° 0

2900992090000 CoO
"
00DV 0O0C00CO”PO

10¢31L909C "0
T0*3A9%1001L°0
T0eILLSTL O
L0+3NZI06°0
T0+217571°0
T0*ALLISZL0
c°o
0°0
1043629€L°0
104355106°9
L0*3RCLER"O
10435ACHKN°0
1043954ZL°0
€0*a5Z661°

* " e b0
000N GI2900

L0+3001L

Qe 00090

10eRCC99C°0
1043I9NERC"C
L04anLHIn "0
10+3ZLHLY"O
00430h9LL"0

0-<9

$T°O d149YL

9n . 0°0
(1] . 0o
nh 0 (]
£n . 0°0
(Al . 0°0
tn . o-¢
on . 00
(18 . 0°0
13 . [ ]
Le . oo
9r - 0°0
St . 0°0
L1¢ . 0°0
or . 0°0
70 . 0°0
Lr . 0°0
ot . 0°0
67 . 0°o
L4 . 0°0
L7 * 0°d
97 . 0°9
s? . 0°0
L4 . oo
(%4 . 0o-o
44 . 0°n
1z L] oo
e? . 0°0
189 » 1}
el . 0°0
(A% . 0°0
91 . 0°0
i1} . 0°0
L1} . 0°0
i . 0°¢
H48 . oo
181 . 0°0
ot . 0°0
6 - 0°¢
e . oo
L . 0o°n
9 . [
S . c-o
L] . 0°)
3 . c°o
z . 0°0
[} . 0°0
(3 9--(¢-9)

SHO011D35-SS0¥D ORIVALLIVIS

SO-ThANGL 0
90-1600tLL°0
S0=-281977°0
$0-35L¢e5L °0
*0-377002°0
S0-39h167°0
co-30L17€°0
CO-IRLIM7°0
S0-36LRIT "0
00-2901LR°0
90-2GhILR°0

n°0
C-Iu67n1°C
S0-arr oLl 0

n°n
se-TonLZL=0
90-4(S1F% "0

0o

o°o
$0-355500°0
hO-7LPLOE"0
SO-30RL7°0
SC-IL74NF "0
SC0-IRT96C °0

0°0

o°n
r0-32001L 0
W -3L6%F 90
Lo-3geewnco
H0=-320105°0
Se-35LiLL-e
n0-INT P97 "0

n°n

0°e
S0-202691°0
GO-3LMUE"0

c°o
[REs FALTA S ]

n*o
RO-TLT7GFR°0

o°o
L0-2ToneL"0
-22+0 L0
90-355067°0
90-35505Z°0

e-e

n-=(2-9)

10-2€G60LL°0
L0-anzneL o
Le-26LCH2°C
10-3Z7401°0
1c-365€6L °C
1o=-zLf0G61°0
LO=2FLLLIL*O
10-376266°0
LO=37G766°0
10-3I0ECSC°0
1e=3¢0221°0

nee
to-3cetLo
LC=-309797°0

0°o
1O=-TR0 161 °0
10-268092°0

TR
10-27L00L°0
)-210F %1 °0
10=-34L5%1°0
tn=39nnpL °0
1e=3ngzoL=n
to-7gzsar 0

f°e

0°0
10-1F6H91L "0
10-2uhignn
(SR VA LLL A
1y)-30%2LE"0
10-3IGZIRL"0
LO-I8TLEL"0

0°0

0o ¢
L0-20€002 °0
10-3961072°C

o°e
10-38G59:7°0

(]
L0-3ZAN9Z 0

0°0
L0-37sF0L°0C
10-372r¢0L "0
0Ces9s51L°C
NO439LALL "0
10-31L960°0

9-- (1 -9)

€ Jnnas

7047 €9€2Z1 0
704704087 °0
7043951EL°0
R EATI44 o]
7esz0zZLL "0
1C+3F1ACL 0
LO+7hL 00570
£0471 65040
7047PPRCH"0
70437008 "0
T0+2Cr501°0

()
[(0e200CrC°0
td el Tl 4 Gl o]

60
104266LF°0
7046128170

0°0
L0e7Gon9r "0
2002041910
7047 ESLILCO
T0eTEGLGE "0
0797 iL°0
70e2G0CEHL"D

o 0

f°o
Z0+76 9521 *0
T0231SANE "D
7043201970
204ThEHLLO
Zes311CLL "0
70e3LEESL 0

n°o

0°0
£047CSICL"D
A0+3GEO TR °D

()
2041 Gnl "0

c-0
104266027 *0

o°n
104265259F°0
1he792gar *0
16470199570
L0+79199%°0
€0+202580 °0

D=--9

R T [T TR O e e

NP O~ND




~
O

(L 30  ®bed) : A79YL

ZO-ILLELR®D AD-JESTLL"D PO+?9u6L7°0 9% {
L10-9L5062°0 LC=-ZAZ0CL"0 ONeTIFLTHLC S%
TO-19L065°0 10-3GLCP7°0 COTINLHL"C 0
Z0-IHAAT°0  L0=TZTHNL 0 ON4TKRGSOT 0 [h
LO=TCTLFL "0 L0-T56EGL°0 CO+ICLLIS"C Z* }
10-39PC71°0 LI-3LTOSL 0 CO*ILLRC7°C L&
ZO=SLLAL 0 I0=TCLLLL®D CO+71PGL7"0 On
10-396P0L °0 LO0-A7CZAK°Q ONTH796L "0 6
10-3194€LL°0 LP=T75766°0 CO4367961°N BE
LO=3C0C92°0 19-20€CSE°C 1G=-"CLheP°N (€
10-3L6719°0 10-T71N271°0 10-Z99g ek ¢ 9¢
0°0 (che ] c°0 st
10-3ST717°2 10=-I0L9LL°0 COTPISTL 0 &L
10-T0LhFL°0 1C-3+9292°0 (N+TE(ARCL°C EC
0°0 0°0 ¢c°0 2
10-2LL°0  10-3HOLAL"0 CO*7FCIL°0 €
Le=-37271 °0 10-3GP097°C 1C-7251CP°0 OC
2°0 50 0°C 52
10-3I067G6°0 10-I7LE0£°0 CO+216911°0 RZ
LO-INZYOL°0 1C-"LOFAL"Q Q0+2(Z5ra°0 (2
IN-TLE6TL°0  L0=26LHIL°C 00+7FhLOL "0 9T
LO-3(PON{ "0 LO-S99hAL°0 FReZ%10L1°0C G2

£0+430€CLB°0 TOSABLITH0 10+70Z6E9°0 10¢3609L1°0 9%
$0410SC1L°0 Z0+4307192°0 10+3ZZSLL°0 LO*AUEGOL°0 St
h0e2L802L %D LLASC LCeAYECHN"0 LCeS6ZLLL O ne
9 104351601 °0 ZO0¢AS00MZ°0 00439C956°C 0C+30hYnZ"0 €%
Z0+2P09%0°0 2043081 95°0 104TN6ERT0 00+IZOOLN "0 n
N0+3INALES "0 €O04ILLOIN°0 LO+ALTIRC0 004360091°0 (1]
€04397SLS°0 704756960 L0+I6SHL"C 00¢AHISLP"O on
T0+3ICOZNR°0 (CO0+3LASOC"C CCe?RISLI°0 10-3IRZZ60°0 6C
Z0+31992C°C Z0420L0EN"0 O00+IREERO°0 LO-30KZAN°0 L12
TO+3C9CZZ 0 T0¢391"LHh°0 00+7APKGR*0 10-31LITP°0 Le
CO4AAELIL 0 ZO*FLLuIL"D 00+SCL996°0 (10-20969*°0 9f
Z0+3900CL"0 10472NCL9°0 0OC+300K0C°0 0°0 St
704INLLSHT0 €O¢20SHLL"C LO+3L6ZOL°0 LO-2ROSHL"O 114
TO+ANLIIL 0 (CO°TOSHBLC L0*AWSZLT™0 00+ALLCSL°0 (43
HPO+39E9LG "0 C€O*ICICLH™C TC4INRGLOC O (C4TLLCA7°O 141
E04ANLYOZ 0 LOATCLNAN 0 LO+TIROCEL"O0 000LCLI91°0 ic
TOSALLESL®0 T0035909Z2°0 LO+*3K60LL°0 LO-3CES69°0 0t
Z04LGTLLC0 TO+INLOEC°0 00+395L0L°0 T0-369%66°0 6T
%0-356C89°0 0°0 c°C Z0-3W9L0C°0 (14
70436NLCT°0 T04301907°0 LC*AZPALE"0 10430PGLL°0C L
€0+20102ZZ°0 TOIILALCS 0 10+2CSEAS°0 L1021 CLEL"D 9T
2043ZR6CT°0 T043LFOSB°0 104IGLPHL°0 104ILPZOL"V 114

. 0

. L. L sl IO (5 TR (R G e I
D9002002909V920PCI0DNIO0DVO0OLIIVVVODI0QCODI2000292730aC0O
RS TSI, N SRR WAL W

| £0+2L6LS2°0 TO0+3995SL°0 10439255970 104319602°0 " 10-3004021°) L0=Z6L791°0 CO+7°1Z%1 "0 97
o LO43INNG9Z°0 (0+4T0BSSL 0 10+ASZTLOL 0 0C+257+LL°0C z 10-3SLLZL"0  IP=-FEZSOF° 0 CQ4309¢LZ°0 (7
N 10+36Z196°0 Z0+7Z00LL "0 00*26€10L°0 (VC-RPLPI"O (44 i 00 0°0 c°o b4
.ﬂ. 0043689Zn°0 LO0+2hE0L°0 00+3SCONZ°0 10-39h(HL "0 12 y e°n o°¢ n°0 12

LO-RELLLL°0 LO-IFAN9L"C (Ce36PCF"0 O
Z0-36€097°C  10-2UNLLN°0 00477 COZL "0 61
Z0-JE0SLE"N IO akhn*0 C0+790927°0 81
TO-1900QF °0  LO=-T0F7/F°0 CORFRTSL0 (L
ZI-TLHOGATA LO=TG7IHL°0 CO=TOTEr"C 9l
LO-3nhent °0 1C-300(6L°0 (08727187 °0 SI

' CO+ACIBLL 0 ZO+3165Sh°0 10430809770 0003790S5L°0 07 -
204369€CL°0 CO*3IRBLNL°0 LO+ANLPLL"0 O00+3LLEL6°0 61
10¢3L6U02°0 Z04350MnH°0 10430€091°0 0043L06°5°0 ol
€0+36ZZS1°0 €0+280L6L°0 L0+IB6CLSL"C 00+3Z9h07°0 L
0 +39ILLT 0 €0+3IINCLZC LO0+2LONIA"0 0C+ILILZ29°0 91
S0+30CLBT°0 (FO0+3ILCHLI"0 104276G90°0 00236910270 St

2P 00 0080 05,8000 0 900 L0000 PBsetedyPesPsoen?
R R-N-R- RSN R-N-N-N- N - W= N NNt N NN N - NN N NN NN RN RN N~ E- N N- - NN -0 N BN
.

€0+39C9LS°0 a0+3L9N0Q°0 €QeASASAL 0 00e2916CL "0 L1} 3 (] 9°0 c°o ot
: G0+2GLEOL°0D HD*I099LN"0 FO+ILOITH"0 L03INCLI7S°0 14 A 0°0 o°n n°e €t
TO0+3CSSL6°0 €04AMCCOE°0 10+I96179°0 004502%592°0 L . 70-1GAn6R°0 LO-T0FR9Z°D LO-ZCHRG 0 Z1 i
10+362Z0EC°0 1L043CLBLS"0 00+3E6ZCS°0 10-auLOLC"0 i * 10-T6ESF1°0 10-396L02°0 ONO+A710G7°C 1L
20030001LG5°0 1043609C0°0 00¢309912°0 0°0 ot ) "% [ ¢*0 ot
TO+InLELL "0 ZO+ALEITS 0 1042CH0NL°0 LO-ACLSEC"O 6 o L0-3LOGFL 0 LO0-TRSONZ 0 CON4THLGLHERT D 6
20+4399160°0 Z043L910C°0 1h0-3912651°0 0°0 8 ¥ 9°n (o 6ce e
10-36LM19°0 ZT0-A9LE0S°0 £O0-ALCREL"0 ZO0-3NREZI°0- L o 10-T00LAL 0 1O-07K997°0 O0e7TINTZ "0
00+2nZN3E°0  LO~TLLSZEO 70-"nALOFT°0 C€O0-2WLEGL O 9 5 n=o LA g (I | A
£0-3£8569°0 SO-I0CEL6°0 90-IIn6LL°C TC-ACHOET"O S & LO-3917G5°0 LO-37HFOL°0 COe?CZLEL"O0 S
70-3.8569°0 SO0-2CLCL6°0 90-39n6LL°0 TT-3CHCOET°C 0 ¥ 10-3%1765°0 10-3THFOL 0  CO+=0ZLEL"N 0
20-30LESL°0 ([0-A6Z0CL°0 SO-AUELER°0 (€0-36LOSL°O € . LE-TIPCLZ6°0 00039L6LL"0 CCo7%SAL"0 €
20-20LESL°0 €0-26Z0CL°0 S0-1CLCB°0 €0-a6L05L°0 T N 10-3PCLZA°0 00¢3°LbIL°0 COe7RIGHL"0D T
T0-3€9%992°0 €0-29€E6BLL°0- H0-ABAIEL 0~ SO-3ShHeLL "0~ 1 & VO-ASLIRFD  IP-312960°0 OC23InROLIC 1
h» 40089 € dnoud T ano19 Lt 4n0yo LB ¢ & anono f Janond Z anons L anoxn LD ¢
ROI2480S0Y TYAONI Y

SNOTILIDIS-SSORD QALVINITIYD




e

g——

(L 30 T ®bed) 06Z = WH/D ¥0d SNOILOAS-SSO¥D

00430L596°0
004350996°0
0043LL996°0
00435€696°0
004395796 0

0 . * e
R L L - L

e e

0ODoOMON0 o000 0Q0 2
.

004395L96°0
0C+360L7% °C
004260 L26°0
0043€LY96 "0

10436201 €°0
10435L110°0
10+30250¢€ °C
10430€FL2°0
(0355652 °0

] S8 e e
009DV OOT02909020

O9m20g0CcoPaooCco?
.

1067919270
1042FLLST°0
10eT10LRAZ°0
Ltee2gccnz 0

104369291°0
00430 +0
104290691 °C
one3nOOSL D
00420L€€7 "0

0°0

coasmesnoanoco
. (R . 8
393530~ 393330

I

00e36(7N5°0
LneagsezL °c
00e4327G6HH"C
LCeZAZAGL"0

m 70-2%2895 "0 0°0 0°0
) t €0-19€8LC "0 0°0 0°0
T £0-20£66L°0 0°0 0°0
ot Z0-30106¢€ 0 00 0°0
s L £0-292616°0 0°0 0°0
te ot £0-39600°0 00 ¢-0
on ot €0-3L9ELN"0 0°0 0°0
6 .t Z0-200n992°0 0°0 0°0
.t 70-301997 *0 00 0°0
et €0-2L2SL6"0 00 0°0
9t 1t €0-392S6°0 00 0°0
st 1 0°0 0°0 0°0
ne i £0-295ASE°0 0°0 0°0
%3 t €0-758502 *0 0°0 0°0
2¢ ' 0°0 00 0°0
et £0-a01L%L "0 0°0 c-o
oc n0-30C1LL *0 00 00
< 1 0°o0 0°0 n*o
6E & 0°C S0-3ZLELN*0 Z0-FLLPOC'O
e ' Z0-311907°0 0°0 0°0
| 9z i Z0-20%197°0 0°0 0°0
~ 52 1 €0-350LR9 °0 90 0°0
o~ "z ' 70-300€17°0 00 0°0
~ re t 20-€0ZLN °0 e*0 2°0
! 13 6 0°0 0°0 0°0
vzt 0°0 0°0 0°0
0z 0°0 0°0 0-0
o 1 Z0-362001°0 0°0 0-0
ot 1 20-382201°0 0°0 c-0
0w 1 £0-2€589n°0 %0-70SH9L°0 HO-T0SHIL 0
9 ' 0°0 00 0°0
st 6 Z0-26ZCLZ°C H0-TLZLON*0 %0-ALZI0ON°0
"t ' 0°0 00 00
€L i 0°0 00 c-0
7 i €0-anZRAZ 0 0°0 0°0
" I £0-35£L2C°0 c*9 0°0
ot § €0 00 0°0
5 1 €0-35€L2C° 00 0°0
8 ' 0°0 0°C 0°0
L 1 0°0 Z0-2LSE9Z *0 0°0
9 ' 0°0 0°0 0°0
S 1 0°C S0-70928°°0 7C-LHLCZ°0
" 1 0°0 $0-20723€°0 ZO-TLNIEZ 0
€ ! 0°0 0°0 [0-7656%1°0
z 1 0°0 0°0 C€O0-3656%1 °0
: t 0°0 S0-7SE5L1°0 0°0
T 18y 1 nz-n YHaTY-%
1

00+2CL99A°0 1043569€7°0 10-376N9C0°0
(] o°o A
0°0 c°o c°o
0043C0696°C LOLIOFOEE"D 0O0+INGSSHN"0
0042C0A%G "0 10+3In6900 "C CO¢7T6SCN"C
0C+3I6HL96°0 LOeIRNLOZ°0 00+3LNSEC"0
0°0 oce 0co
0°0 0°0 0°0
0°0 0°0 0°0
0°0 0°0 e°c
0°0 c°0 2
0°0 0°0 0°0
0°o 2°0 o-c
2°0 c°o e°c
0°0 0°0 0°0
0°0 0°0 0°e
0°0 cse n°c
0°0 0-0 o°e
0°0 c°0 0o°o
0o 0°o e°e
0°0 [ 0°n
0°o0 00 n-n
0o°o c-o 0°o

IRD ne ROISS T4

4nouo n0d SKOTIIZS-SSOMD DIJONSO¥DIW

dNoy¥d-dnod

00+INGZCL "0
0o+ LLIL"C
L0-3896LL"C
1)-3021%6°0
roe2zOLL?"C
0oeyLLLOL"C
CO0eALTHLN"0
LO-26CY9%°C
10-3£966%°0
10-3P54610°C
L0-7nEhGH °0
0°0
Lo=-an5PCL"C
Cne7e261 °C
(LR VA LY Sl
0pe2GL09L "0
10-3¢647H7°0
20-40CrI6H°0
AD-37h60N "0
0Cs T .aft*0
COOTHRELL 0
00*3IHKANL"C
1e-"201066°0
(LEEINS 4 S 0]
10-2¢4Cy9°¢
10=Traant "0
00eITAZILO
1o0-21516L° 0
0)*IRFFEZ 0
00+23¢r07°0
coe206L2n e
LR FEA A & &d+)
fRe3GPaELC
LpegaLnzs e
(LR AL T ad o]
10-378G0f °0
0°9
10-3000€G°0
o°c
(9-3UGERC"0
(0=-3nZ61°0
A=3Lr72L °C-
6)-310n7T1°C~
°0-3LACLL"C
np-7T7FOLL"D
[\l ]

YREYN-N

LOWIRZEPR O
LO*ILINSHL 0
LNe2C72CN°C
14370626 °C
1oe3t739L "0
LoedsesLL 0
10 4TEHOrL*0
1pe26571L°C
teesoniL Lo
LCeC5i09°C
104300%0 °0
0°0
1043(9279°C
127970890
(FER TSI S}
L0+2066N059 0
1047LEGLS O
70-aCnfnece
LO+SPRLLT 0
10¢Tn9n0q°0
LteeTengL e
1247936070
10eIN NG *C
10420601L"°0
10-I5RGF9°C
LA=-10R901 0
193269260
12e3GFSRL"N
L0e7LERSR O
10471L99L "0
(LR IATA N AL
[T S & 1]
COILPRF LD
10+351(T8"0
1941790100
L0+379279°C
0o-c
L0s21EN29"
c°o
L0+3S506F "0
fC-THL261°0
tesroLse o
(LR YL T34 ]
1QeATS0OR7°D
1243260AZ°N
104765651 C°0

1viol

$T°0 A19VL

107 L3960
103 €6255°¢C
INsAgHAGSO
L0eZHETSS 0
rea50156°C
10+305C0L"°0
Leer01L"0
LN 2110 5°0
L0+Z(Z405°N
tee3nft ve*0
LOs7RE0%9°0

c°e
1Ne260619°0
L0+3G6PH0T "D
LCe=CntuT"D
Lpe™Lo7L9°n
Lre70Ln* 5" 0
T0-TRLAIPT0
L0e=anenZ"C
ifre76931:6 0
(o001 56°C
[ KR A Sl
10e767946°¢C
LOe"EZEr2°0
10-30640G "0
te-7¢7901°9
10 o3RS "0
(GRS R
10esnEO0°0
(0397 0i5°0
Lee 0060
LS FA b ]
PCe3G6H611L°0
[ Rk o Lkl i 1]
(0a36f k20
10e3Z1°P07°0

2°0
10eIP60F "0

cto
LO*NLASLZ "0
fe-29¢C11°0
tGetorrzo
[ %A &1 8 i, |
10e3€TS7770
10e707C77 %0
L0eSEENLTT0

1yndssyal

—-NmInor~DN

-
—

R ————

Sy




(L 30 z ®bed) :g°D I14AYL

9% 4 0°0 0°0 0°0 10-FLAZHED 10°3On(62°0 104ISING D 10SICHTEL"0 7I47985LL°0 ZOALOLLL"0 9n |
Sy 14 0°0 0°0 0°0 LO-TNSSEC 0 LOILTLOT 0 00+4400SCL 0 LOIGEFAL 0 7247146G991°0C T0+432C6C1°0 GH i |
(1] 4 0°0 0°0 0°0 10-FLC7EC"0 104379/ NZ°0 LOCTLOBIZ 0 104Z(INLL"0 204311651 °0 7021 LNGL°0 0% | b
(4} 4 00 0°0 0°0 10-ANGIRE°D L1042 7CT°0 EO-5010ZL"0 0O04172676°0 7TI¢3MDNAL°C 7070765170 (€n f
(4] z 0°0 0°0 0°0 10-~39EHSE°0 0°0 0°C 1043INLINF G 7043GFrNL°0 7042710010 Z% ]
(%] L 4 0°o0 c-o c°0 0* 00 0°0 I1C*IGHIHET0 70+40LHOL "0 7OINELOL N LW |
on z 0°0 o°e 0°0 0°0 0°0 0°C 104G °0 70+INCSCL°C 7(+797FF1°0 09 ]
6€ 4 0°0 0°0 c°0 0°0 0°0 0°0 00+75ZhP9Y "0 ZO0AIGHNTL 0 TOIFHETL 0 6E 1
RC 4 o-°¢ 0°0 0°0 o-e 0°0 0°0 00¢TLL"62°0 Z04TEONZL°0 7AILSFZL"0 ©f
Le 4 o0 0°0 0°0 00 0°o 0°0 COSTNICK P 70470CUTC ZCeZrHnLT°0 LT ﬁ
9C z 0°0 0°o 0°0 0°0 00 0°0 OCOC*2FIFLA"0 1D+ THDHAO C (0e"GELS59°0 9T
St t 0o°0 0°0 0°0 0°0 0°0 0°0 DCsIGRICE™0 CHISTCUDC 0 OC+3IGHRAT°0  GF
L19 4 0°0 00 eco [ 0°0 0°C 104372001 °0 1047:D729°0 104772619970 of
€t [4 0°0 0°0 0°0 o°0 0o°o 0°0 10e3NLFLZ°0 LOTI7FIH"0 10eTGZLSH 0 (€F
(41 ] 0°0 0°0 0°0 0°0 0°0 9°0 TO0SILSHOF 0 ZO*TIGHOE C TC(+30PL02°0 ZC
tc z 0°0 0°0 0°0 (1} 0°0 0°0 10+39INEL "N J0+329699°D IN3BSALR°0 (E
[ S 4 0°0 0°0 0°0 0°0 0°0 0°0 10*71701°0 10¢70076L°0 10+70970L°0 OF
6Z i 0°0 c°o 0°0 0°v 0o 0°0 CO+NNOL°0 CRA4NNNCLC NALTLOOLC 67
) :k4 4 0o 0°0 0°0 o0 00 20 0°D 1D47LNUSF R [1Pe20945C°D B2
j \ L 4 0°0 0°0 C°0 L0-29EhZF "0 10430ONIGZ°0 CO-TLEKGHK°0 LOSIFLFPN"0 70+T/NCSLC  7he5260%1°0 (T

) 97 z 0°0 0°0 0°0 (0-3ACSTC"C L0439CHHZ°0 LO+TTAILA C 1D+T704ML "0 704391971 °0 7Ce7eCIOL"0 <

~ sz < 0°o0 0°0 0°0 10~330G7€°0 (1C4707LST"0 T0-AT93T72°0 L04TI97anl 0 Z24797L21°0 70354221°0 S2

—~ (14 [4 0°0 0°0 0°0 10-3CLZCC°0C LO+TH70SZ°0 LO0+ISPYCS N COLAUTHNTL C TO+TI7ANC 7heZnLfGL"0 W2

] €z 4 0°0 0°0 0°0 10-3CL7FC°0 c-o C*0 107RFLLEL "0 7O0WIARLANL 0 7N0e6Lo0L°0 (2
t£4 L 00 0°o o°n 0°0 60 0°0 CD+IRN0L 0 O0+IGANIL0 0C+392779°0 22
(%4 ] 0°0 o°c 0°0 o-°¢ 0°0 0°0 Q0¢ITAZN?°C (QeI247H7°C GheCOLr7°0 1T
0z Z 0°0 0°0 0°0 L10~39960C°N LO+T0RNCC 0 TZNP-3CFZOL°0 (1D UMLLZ°C TI4500L5CL°0 700722771 °0 OZ
61 z 0o°c c-o C°0 (C~T996CC°0 LOITGIAT C (O0-T7LNZ7°0 (0¢TLLILL"0 TO4TOFGOT 0 71476527170 61
L1 4 0o 0°0 0°0 10~390G7¢°0 0°0 0°0 10491210 704708010 7NeiCLOMN"O B
Lt 4 0°o0 0°0 0°0 0°n 0°0 0°0 10#36GHOL°0 THeINECHTC TCeI™/rL"0 (1
91 4 0°0 oo 0°0 0o°c oo 0°C (Ce2H(NLA"0 ZCe~L90CL ") Zas7p(Pet"C 91
St T 0°0 0°0 0°0 0°0 c-o0 0°C 1007 RINRTD TONINLOLTO TAATLMILTO SL
018 1 0°0 0°0 0°0 0°0 0°0 0°0 (N4I9GALL°0 FLeTICGRL 0 FCeANCFIL™0 W1
(41 ) 0°0 00 0°0 0°0 0°0 0°0 (24790F(N°0 fOOTINCIH"Q0 FOTICLO"D (X
143 Z 0°o 0°0 0o°o 00 0°0 0°0 10*ICLLEN"0 7I47PRNZ7°0 7043L3H17°0 T '
[} Z 0°0 0°0 0°0 0°0 0°0 0°0 (047T7ZALS 0 10*=FLGFR*0 10eZ2007R°C L1 |-
cL ! 0°0 0°0 0°0 0o°o0 0°0 0°0 OCO0*INEARLZ 0 CO4INCHLTC O0TSITIT 0 0L
6 T 0°0 0°0 c°n 0°0 0°0 00 LO*7007R1°0 120IWNGFR°0 10eIKLC76°0 6
] t o°p 00 c*o 00 c-o 0°C HU=-TCNIGL"0  H0-TFOOGLT0  MO-TKINSLCD 8
L z 0°0 0°0 0°0 0°0 (U} 0°0 €9-I0%HLL"D INARILOZ "0 L0eA55e61°0 (
9 3 0°0 0°0 0°0 0°0 00 0°0 70-2(Gh07'C 7(=-TLSRC7 0 20-T(AWMZ7°C 9
S 4 0°0 00 0°0 0°0 0°0 0°0 90-371081 "0 1C2RLASE"0 LCeIRLENE"L G
L] 4 0o°o 0°0 0°0 0°0 0°0 0°0 90-371%HL"0 LOCTIRIAST 0 LOI0RANE"D @
£ [4 0°0 0°0 0°0 [ ] 0°0 0°0 G0-T7"9AB°C LOTLZFONTC 1Ne3TZGFH°0 €
4 4 0°0 0°0 0°0 00 0°0 0°0 SD-39ZPER°D 1DeILZ7FOND 104227257 0°0 T
[} z 0°0 %0-290€C1L "0 0°0 0°0 0°0 0°0 0°0 OC0+I0N27L°0 CCeZL(LP°0
()4 paly) a-n nZ-« Yid1y-a IRD (4] ROISSIZ YREYO-N TVINL I¥DASSYEL o1

T dnogd ¥0d SNOIIDZ2S-SS08D D120050MOIW




(L 30 ¢ obed)

+Z°0 d14vL

98 s 0°0 0°0 0°0 S0-2U0L99°0 LO+A5TC6T"0
y S € 0°0 00 0°0 G0-In61S9°0 1043969070
nh £ 0°0 00 0°0 S0-7€2GH9°0 (0+IFELAZO
LI+ 0°0 0°0 0°0 GO0-2hhh(7°0 10+3S6LEZ°0
z £ 0°0 0°0 0°0 S0-352689° 00
) € 0°0 00 0°0 0°0 0°0
on £ 0°0 0°0 0°0 0°0 0°¢
6C ¢ 0°0 0°0 0°0 0°0 0°0
! o€ € 0°0 0°0 0°0 0°0 0°0
Le 3 0°0 0°0 0-¢ 0°0 0°0
9¢ £ 0°0 0°0 0°0 0°0 0°0
st 1 0°0 0°0 0°0 0°0 0°0
13 € 0°0 0°0 0°¢ 0°0 0°0
(13 € 0°0 0°0 0°0 0°0 0°0
43 1 0°0 0°0 0°0 0°0 0°0
1€ £ 0°0 0°0 0°0 0°0 0°0
o¢ £ 0°0 0°0 0°0 0°0 0°0
14 L 0°0 0°0 0°0 00 0°0
3z z 0°0 0°0 0°0 0°0 0°0
@ € 0°0 0°0 c°0 0°0 0°0
] 97 € 0°0 0°0 ] 0°0 104707962°0
o 52 £ 0°0 0°0 0°0 00 00
N "z € 0°0 0°0 0°0 0°0 10¢36205Z°0
—~ €z € 0°0 0°0 0°0 0°0 0°0
! 144 \ 0°0 0°0 0°0 00 ; 0°0
1z 1 0°0 0°0 0°0 0°0 0°0
0z r 0°0 00 0°0 0°0 0°0
6l € 00 0 0°0 00 00
9t s 0°0 0°0 0°0 0°0 0°0
1 s 0°0 0°0 €0 0°0 00
9 € 0°0 0°0 0°0 0°c 0°0
st € 0°0 0°0 0°0 0°0 0-¢
nt 1 0°0 0°0 0°0 0°0 0°e
1 L 0°C 0°0 0°0 0°0 0°c
p 41 € 0°0 0°0 0°0 0°0 0°0
" € 0°0 0°0 0°0 00 0°0
ot L 0°0 0°0 0°0 0°0 0°0
IS £ 0°0 0°0 c°0 0°0 0°0
® t 0°0 0°¢c 0°¢c 0°0 0°0
L 4 0°0 0°0 0°0 0°0 0°0
9 t 0°0 0°0 0°0 0°0 0°0
[ € 0°0 0°0 c°0 0°0 0°0
" £ 0°0 0°0 0°0 0°0 0°0
4 € 0°0 0°0 0°0 0°0 0°c
4 3 0°0 0°0 0°0 0°0 0°0
1 z 0°0 €0-%LZC1Z°0 00 0°0 0°0
1 298¢ a-n nz-n YHATV-K ms nn

TOeTLHI0Y°0
0C+ILESOL "0
TO+3ALAIHE D
LO=7h K927 °0

.

.

Z0e3L LKOD

-
-

T0+ALRLY

.

L I I R R R I I R O N

2907900009990 000I0DIDVD2000IVIMOD0T00D20D229902020
A2 0P0897A0090500030307303003203U033330030383

S015514

€ dno¥d BCA SNOTIDIS-SSOND DILDSOEIIN

7043697LL°0
T0+3F 0957 °C
T04IGLAGZ N
7003090670
7neI7L00°0
€)43GuZHn 0
7043G99(R°C
FCeINTSEE D
7043156106k 0
7003LL90%°0
sk L0L "0
1ce301269°C
CCsTUSTZL0
€2+435017°0
Lo+3ZoL0S" 0
10+3In0106 °C
zeeCOLNZ 0O
70437G6hEE°C

n°e
2043791 L°C
734359707 °0
7303005500
70¢7(9151°C
103079060
70434L711°0
10e39C70L °0
euntLeLnco
(rearsnog °c
Z0+3ENLLN O
foe7teLLZ°0C
0717147 °C
fs3pLorL°o
tOLTLNLSLC
$Je30L0GN "0
€I2I0HLEF" 0
104796866 C
[LEERA VAL d]
ZCeTFPYGC
720430451070
23-3€4LnhG°0
10=71061E°0
G0-29)AC6°0
S)-1076(6°0
€0-3€¢55EL°0
(0-365601°0
"0-"50097°¢0

YRRYD-N

£742€9591°0
TO*FLLING D
2043LRZELD
20479(009°0
T047067LL"0
04396464 °0
€0+396201°0
F0+2676LL D
70077GHL0"0
7R4349076°0
7047249612 °0
1047019€2%0
€0+20R0ONN 0
£)+3€2977 0
02291050
TO+3ELFLL"O
70471001 0°0
7047758770
Lo+=500LL "0
T0IIERLED
Tosqerere o
Fle7alze-o
TOe16%7C6°0
Z0e7CHOPZ "0
20+361LCLL°0
104397701 °0
204376702 °0
feeLOMBL"0
7reTMLG7LC
[de3rnerz o
fne1anfaz o
FO430LHLZ °C
LAt AT A Ad ]
PO IBLOGH O
E0¢3G1056%°0
70eInnIELC
124279098 °0
7oev5101L"C
7CeGALTEC0
1peL7e72°¢C
10-T1CEHE"C
toe300LLE"D
1pe30dMLF"0
LGeLnSLN°C
(S REIRATA B
COe"SZNTL"D

Tvior

£0+3616501°0
04TELOTSA
70436L70L°0
CeIGLIN9°0
TCe6F71 L0
fre=rareGco
foesosnL®0
fNeZ9e7nL0
TAsqLCr0QcQ
TRAAGETHN
00047 "0
1030017970
fN+RCLPRO
FLaIGL5r7 "0
ECeZLSPNe" N
Z0e22001L "0
TNeZGenrR "0
7ee0(°rr 0
(0eanCqSr0
IneINCLILATC
70e270A79°0
{peaCHIZL "0
TOATILZIG°0
70+56R1IHZ°0
7C47CIFLLO
(LA R AN )
‘?bﬂhvu’doﬂ
Fla™% (H1"N
co07 L0
ICEVE2 0
o070
LIAR A ]
nCeqeLZOL?
rheTLENORD
FO4SRBO SR A
7heqLeactLcn
10e=Ghunn =g
7ee1040L"0
T0+39CKeL "0
L0eZ0fF7770C
1C-70968("0
Lpe39r0gE "0
tneagroce e
10a71ersn 0
10+70£050 "0
Cre36C109°0

dr0eSevsyL

b

~-NMThorao®

-
-




—
~

s 8 0 ¢ 0 0 0@
g

0000QD0O0OT000V00000000VAONT00CCO00CcO0C0000cc00

OO0V 00O90O00O090

.
’
"0

-130~-

* o 0
¢ o 0
COO920O0VvVOODO0OS
" e *
0000V O0N0090COVD000000DODTO0V0QCOOINONI000O0IQGNOOOQ

o

° e
So9o9c
.

3
3
3

L
[
-2~ K- X -N-N-¥-J

]

NIPRIlrNT"TNT"TNNTEMNANOIMATENNNINNTNNEANNNNNNNNTIMM ™ N
0000000000000V 09CO0 0090009000900 00900P00Y000aQ
000N DO0CO00ONO0OOCONNO0O000V0NOD2000 0000000000

—-_NTVO~D
Ed 000200009000V VD0O0DONONOOO270000900000000002QOD200D

Jo y 8bed)

80 -29Z 021 0
RO-TNGLLL0
MO-AZC9L1°0
H0-3651L7L °0
ot-39000L"C

0o

. 8 0.
OO0 90

R
0009009302

3 ¢ e e e
0000V ?P09090009000

0000V 0O0CPO00C0O0O00C00000CVO0O000COONCO0R00000
.

md

O
0000900020000 Q

0000V 00C00CO000DO0N0200000NONIOCODS00mMI0a000
00000000000 N20228029029290222

$C°0 ITAYL

CosasENLL"D
00+3Z1IuNL °0
€0+4300€LN "0
80-3nhGLF 0

»
NOODD20O0INOBO0O2D

.

COo+3L0RLT "

€0e3LSEN

L)

R N
QONDO0O0DDVO0O00ODIIOIV0ONCODOID

ONVO0O0VD0IODO0TVIIVIVO0OI0T729020NIVNOOCO0OD0092320
.

NOISSTY

dnoud 802 SNOILIIS-550R) DIACISCHOTH

f0+306LS52°n
£0+7090L0"0
Co*I6LL0LN" 0
LosALraLL 0
T0sT0uNLG 0
PeIH665°0
FOe1£G7%2°0
2243I0ASZ6°0
TO4IILNOEC0
20*AGL957°0
feeqIn7eL "0
ToeTonrLAC
70e3201G°0
TO*ALbMRC0
w0257 190
043107061 °0
704 T9%°0R"0
7Ce0L7 5 °C
h)-79M729L°0
[ALETR A S S 4l ]
703706000
TALICLIGE0
ZoeICRRYZ 0
106319910€°0
t0+706519°0
00¢20405LN "0
(me3dCZLC
TCeR1S74H1 °C
(0e2IR7197°0
F0e166591L°0
hCeIrENZE "0
(TR TSI AT
[0e1267 020
§ne59G1 L "¢
F0e3IGLI0L0
LQ+L92LF "0
IN+IGLELS "0
ZCeITNZL"C
LosanzoLg "0
12=-301rcn 0
COLERTHC
$)-3955L4L°0
n0-16SSLL°C
To-3InfLLL"C
T0-3INELLLO
T0-3LDL6Z°0

YHRYD-N

€IeIrHTRGD
f04790G£6°C
hd+INCLEL "0
Z042ZLI01°0
ToeTCR5970
$) 47609465 °0
FOeZrSZ00°9
70440NG7 A0
70430109€°0
704351962°0
£0eTL7FL 0
Toe3MFLOD
7he397015°0
72043L606T 70
LIl S 4 L A /]
fesanzast o
700310018900
TOMTNUTHLO
1924300997 *0
70470G(FT 0
foeaCL7ZIZ"0
2147679000
AR ELIId 244 d
70+78€551 °0
104776619°C
00 ¢TCAGLN O
foe2crofL 0
70470L7€72°0
ZyezunnZt "0
FOea=964091 0
%0+30757F°0
€naTnr0sST "0
€Ce=26709°0
G0+7GOGLL "0
051 131L°C
L0+7(092LF"0
743640150
704370971 °0
LosanzniL e
(B R4 Y A Sy
CCeICERTR 0O
LOSZLNRFE"D
10+3860AE€°0
10+3509L0°0
LJe76O9Lh "0
NCeIEMGL 0

qviol

FO+38LING"0
FO+2K0F%6°0
*0e%171L "0
TreaLNraL =N
20479F%099°0
*NI2CLL65°0
Lkt 2 -Tol L Al
7047261260
Tne+szonIC"C
7re3LN792°C
feeT(reg =0
7ne25%1LA°0
020160
70473GL00°0
faNeZ 200090
[ ARt SR I ]
ToATERNCSRC0
IreT6L701°0
[E L TN LR ]
70428976 (C"C
o200 1272°0
704269400
fCeTyprnz=C
THS%9HGL 0
tos300rie°c
LA LTS A ol
feelG1711°0
TCeTRTECZC
TO20H7ZL0
FROINCRIL 0
LU L el o
SheThLENTCO
(Ce3Zarn0°C
CO+21FSLL" D
fhe70L10L°0
1Ce27(00"0
7042637150
7047EFRZLT0O
LOTOLRCOLD
LeesIrrCcz 0
CoeInCLTNC
10e21FCrn"0
L0+320570°0
{nagaprgee
L0+369476 0
C04I9ZENR"0

lu048srvysl

- ~,NMmMTHAO~RDON
-~

T ey =

P ———— e




~131~

¢°D dT19YL

(L 30 G =bed)

3
.

.
.
3

10+3(0939°0 9+ '
1047CG1L2"0  Sh
1C+7L70L9°0 &%
1047POR(L 0  €h
Le+300920°0 T
L0eThZALO N b
tcesLrI92°0 0%
LE4T0GEH0 0 AT
1047764000 eg
10+706P79°0 LC |
L0 +%990(9 "0 9¢

0°0 of
10e400Z1L9°0 of
10+70SKRS 0 €€

a0zt
1043%GIZ"C L€
Lre=215%6°0 0OF

ren 62
10076006C°0 AT
Lhe?rogua e (2
L0eATNZ29°0 97
LGs7n98G0°C  §Z7
LOATIOI MG "0 #7
1+arseeL "0 (7

re0 22

e0 12
100767 599°0 07
10430kl Pa "0 61
the=(anll "C 6L
1Qe3FRLL""0 (L
1047G715R"0 9L
1ce370CcLo"0 ¢t

c°c ot

o0 f1
tneacL0o°c 24
te+za9ree= "0 1L

00+3CLOLZ°0 20+2625L1°0 9%
CO*INGLHL"0 Z0+ALLAKL®O S*
00431 0LHL "0 TO+AGLNHLL"O0 th
0045LLS0Z°0 ZTO+3RZCSL"0 €%
00+7B86ZE6°0 ZC+A9RNCL"0 Th
0043ZEBOZ 0 LO+79MU69°0 L
00+2Lh612°0 10+4%26565°0 OF
00426F96L°0 ZO0+TCONLL°0 6F
004700961 “0 204279411 °0 Bf
L0-399068°0 ZC4+3LS0072°0 LS
LO-ZL9NAN"0 1C4ZL609G°0 SFC

0°0 0o°¢ st
CO+3615ZL°0 104369996°0 H(
0043900GL 0 103109960 (€

0°0 0°0 ¢
0042hZCEL "0 LCeARRKANL"O0 1T
10-3G1670°0 10+3095.9°C Of

0°0 00 hZ
00+2hHLLL "0 LO#3CTOSE"D 07
00¢5.9%EN°0 T70*a4LFLOL"0 (7
004360191 °0 Z0+706180L°0 97
00¢3GZ0LL"0 7C+3PZ7IL°0 6”7
004366LG1 0 ZC+ZLL001°0 N7
0043NAHLZ "0 TO43ALILEL°O0 fT

0°0 n°*c 70

0°0 c°0 1?2
NOSTLETHS 0 ZCeARGAVLT0 07
00+2TNHLL 0 Z0eATOLBLTO 61
004321627 °0 ZTC+ZL6LTL°0 11
CO*3LSENL"0 T04ASHEZLT0 L!
CO+IBOZHE 0 10436IGL6°0 9L
0042LS6EC°0 20¢39PR91°0 6L

0°0 0°0 i

00 0°0 f1\
10-3TH966°0 ZCeanOLILI®0 T
00¢3ZAGNZ "0 LO0*2996LL°0 LI

* 80
.0
*e
¢ .
ODDVODVOIVD30099900000DIVOTO0CDO03203929V03T00C00C02
LK

.
.
.
.
3 .
DODHDODNDVOIVDDIVOD290?TTOO0ON0COTSDITITIINTL20020eCI709T700

s .
. o
.
.

.
0000000000000 0000C0000000000NOPCO0AO0CO00O000CV0

.
.
Q
.

T R T R T W S e 172 = e

° v
..
(3K
* .
. .

.
.
.
.

o

s o
.

" .
.
.

.
" ®

.
. 0
s e

000000000000V NOI090N00000PC0TC0PO0P00C00O00O09OVO
.

0000000000000 000000V00C0000000N00090020°9009009%e
.
0000T0009090900200000CV00009020020000°90030000090
LA BTN R T K IR I I A IR T K I R I K AT AR R IR R N S I IR I IR R I R O 2
DODONO0CODDN0ADONIONIDOOHODO0CODC0D2000O0CCOIOCooPCo@
»
00N D00I9D90922929900290709022909009239292°9°999995392950272709009
DOV DAV DITTDDIO0DIC2907I9H909092979030I3T79VHIIJIIO9D00D
v
VOO DODMNIVCOCOOODODNDDI2290970007OD239093000MN000002
3

. o ¢*0 00 o1 . . . o o1

= “0 0007696nZ°0 L0+IEROEL"D = 5 ‘0 L04270M5°0 6 -

. . 00 00 8 . . . f0 ©

% “0 00e209222°0 1043€6961°0 ¢ > 7 A L0eTIRLYTTC L

“ % 0°0 0°0 @ * > ¢ 00 °

. *0 004796SC1L°0 104256151 °0 S 2 % 0 1CATFONRFTO S

* “0 00+¢796SEL°0 ICeRS6LSC°0 " ¥ 0 LOsTHCHEED W

¥ i 00+36KE6L °0 L0229606H°0 € 5 . ™ tpemetor e ¢

= *0 00+266E6L°0 1043960Sh°0 2 5 2 *0  LCe3CIL9TC T

% “0 COsEL0691 "0 0043+16¢9°0 = 5 S0 10ATEOPRTTO0 U i
9-~(¢-9) 9--(z-9) 9--(1-9) 9--9 (31 9--(g-9) 0-=(2-9) 0-=(1-9) ne-n "

z anosd t anowd

SROIIDIS-SSOMD DKINALLYOS

0
B S e

L e




-132~

0°0
0°0
0°0
0°0
OL-TLERON °C
0°0

90-50596

CO000000P000000000000"0029000000000O090Q
.
00000V TVNO0O0CO0VL0PO20000Q0CC00ICOO2Q

01-320069°0
01-320069 °0
b0-395£29°0
60-395(29°0

0°o

9--(-9)

0°o0
60-3H862Z°0
RO -3ILSLSL °0

Lo-3z (zoL "0
10-31710C°0
L0-156211°C

87-IHHZLC0 L 0-7LGHOL "0
P0-39LRLL"0 10-367LI1°0
0°0 L10-3LLLnl *0
0°0 Z2-2ZROE6°0
0°0 LO0-3°L€61°0
0°0 10-390rC1°0
0°0 10-35291C°0
0°0 10-7Z0LLL"0
0°¢ 0°0
0°0 10-2656+Z2°0
0°0 10-359.51°0
c°o 0°0
00 10-350L61 "C
0°0 10-7RLNHI2°0
0°0 0°0
0°0 10-2rACFI°0
0°0 Ln-A719ZL"C
LO-34L611°0 L0-3BLENL "0
0°0 10-355571°0
0°0 10-79£151°0
0°0 10-361061°0
0°0 €0
0°0 00
0°0 10-302802°0
60-3GLNER"0 ZO-TREALC"D
0°0 10-3H5L0L°0
90-3FZ60L "0 Z0-2ELCSC°0
0°0 Z0-761218°0
80-310296°0 10-3ZCB1Z°0
0°0 0o
0°0 0°0
0°0 10-712501°0
0°0 10-ZL1ASL "0
0-¢c 0°0
0°0 10-76ME9L°0
0°0 0°0
0°0 10-360622°0
0°0 0°0
0°0 10-3Z16%9°0
0°0 10-721509°9
0°0 CO+4CL1RCL°0
0°0 00437£1POL°0
0°0 10-29L30%°0
9--(2-9) 0--(1-9)
» 30089

(L

T0+ANREOL"O
0*36nZ09°C
to+arospa=0
Lo+7LNIG6R "0
—o.aHGQHa«o

o°o°°o°a°°ooo
°°°°°Q°°°°OO°

104350977 °0
047610010
T0+ZL17G21L"0
104272510670
T0edASTSIL 0
zoeatzeTL o

0°9

o0
Los30€9cL"C
104260106°0
104329LF6°0
L0*2701L00"°0
L0+2nENLL"0
€0420€661 " o

.

"9=0ocenn3ao
"
P R L

10+3217L

10+3G060C°0
1047665PE°0
L10eTRASLA "0
1Ce3905L0°0
00432ZhLBL"0

9--9

Jo 9 oabed)

9% » 0°o
(4] . 0°0
hh . o°on
o - (]
Th . 9°0
e * 0°o0
Ch . 0°0
6t L] 0°0
0g . 0°c
Le - 0°0
9C . 0°0
Sf . 0°¢
Xy . 0°0
(43 . 00
ol 3 . 0°6G
L . 0°0
cr - 0°0
6z . 0°0
nz . 0o
L? . o°o
L4 . 0°0
114 . oo
LT4 . 0°0
fT7 . 0°9
(44 . g o
1 X4 . o0
0z . o°e
st . 0°0
el . 0°0
Lt . o°c¢
oy . 0-0
St . 0°C
nt . o°o
€L . 0o°0
4 . ce°o
it - 0o=°
oL . o°c
6 . 0°n
f . o°e
L . 0°0
9 . (]
S . n-o
L] . 0°92
€ . Ly
L4 . 0°0
) . 0°0
i -(c-9)

CNOI IDAS-SSORD DAIKALIYIS

SH-1CMNGL N
00-3TIN L0
G0-35662Z2°9
S0-3L7091°0
Ho-1G490E7 "0
G3-7CMLL7°0
S0-3%6L7F °0
§N-173682°)
S0-377697°0
90-1519L7°0
=294 0L6°0

o°n
G0-326f01°)
Gh-3706LL"°0

0°0
S0-107721°0
20-3CC9r "0

0°d

n°n
so0-IpCZan ")
%0-310G17F°0
S0-37Z897 °0
GO-ILnPRE"D
GO-2hZ(*F°C

0°0

2°p
h0-3LLOLL °0
an-1£0(09°C
(r-316%9°0
HC-10GLFG "0
S0-3¢1CLL°0
"0-29659¢ °C

0°o

0°0
G0-1LRCIL "D
co-zLRoLrt0

0°0
S0-3LeLr°0

c°o0
AO-I7CE"5°0

0°o0
Le-2999LL°0
(0=-39090L°0
uC-207167°0
90-32€LISZ °C

0°0

n--(2-9)

$C°O0 d14vy

to-aennLL o
LO=-T961CL"0
10-3r9uuz o
n=-30€¢7°0L°0
Ltno=-2p=ncL *9
10=379061°0
te-19n171°0
004395701 °0
0C+390701°0
Le-2672€97°0
10-aurszL*o
c°o
13-30907L°0
1c-3200LT°0
n°o
LO-34h3nLL°0
LC-ITTRIT0
0°0
15-31907L°0
LO-T50RGL "0
10-35009L °0
1e-30ConL°C
Ly-34FL01 "0
10-7056L5°C
0°0
o°n
LO-3RGEIL"C
(& B bALUL R v)
1e-71CLGn°0
LO-TNATRE"C
10-22€9%41°0
L0-39EALP" G
n°e
()
w=-TeLvezece
1e=-3InpELz 0
G0
10-366€57
c°o
LN-30€ZL2°0
0°0
Le-20€F2L0
12-70877L "0
CosIn0EZL0
CO+IROEZL "0
10-3r9036°0
n

(t-9)

€ andoud

TO4ALEZZL "0 O
70430070270 SN
7047060671 °0 hh
Z04TINGESE 0 €h
7047772100 7o
LCeZRELAI°N AN
1C4TFCEZS°0 O
LU RLEAS L I 2
FORA RSl I S LI ] 4
ZCeT0MER"C  LE
70+7CCLLL"0  9¢€

0°0 st
fO+7L70CF "0 ofF
Z0+36G7967°Cc ¥

peo ZE
10 EHZn"0 1L
7CeROL7HLTC  OF

0°C &2
e 1Lr9eE "0 A2
04 T9L°0 (2

Tre05LIL°Cc 92
70+A92791°0 ST
I0eThuLL "N w7
TReTINILAL"O b
c°c TT
£ A7
TC42+7521°0 02
04701600 51
Z04CRES? 0 BL
70+2€96L1°C L1
coeStrL UL " 9
ZCH47R9K771°0C St
e°0 i
(G J 3 |
gre~egZit o0 2t
tes3geLte o 8
c°0 ol
TCATHLLRLCD
e
LCA=RUSTZ 0
o°c
1047158970
teezgrar -o
104=PGhOL “
CeZeghae°C
coeCL6LO "0

NI NO~SD

-t

»
-
-




=133~

€0+358LL6°0
ceeLLnLe0
n0+3T00CL°0
LO+3LEBLLC
20+3990LS “0
20+369665°0
€CeIESZNI 0
20¢3005TL°0
TO43ACLNIE0
200351952°0
€Cc+3192¢1L°0
20+398€18°0
200392016°0
Z043L696EL°0
®0*IESTN9 "0
£0+262851°0
Z0*302090R°0
20+39L261°0
h0-39029L°0
ZoaLgiIcz 0
£0e3L60GZ°0
70+3F195C °0
€0+a5%492°0
10+3n91L0E 0
10+305519°0
00+306S5LY°0
€0+3L0€ZL "0
204365201 °0
104362L92°0
€0+3G55n91 °0
h0+280HZE°0
G0 +1SEBRE"O
£0¢325209°0
60435951t °0
fo+35L101°0
L0+3L92LL"°0
70¢3I66CLS°0
720+3229Z1°0
L0+anZoLL "0
L0-29€¢509 °0
00935€0ZN°0
n0-3955LL °0
#0-23555¢LL°0
zZo-antiLL o
T0-anELLL O
¢0-210¢62°0

¢ dpond

204399€L6°0
Z0*R6ERSZ 0
TC+399€09 °0
2042090652°0C
20+2210C7°0
€0+358260°0
T0+2659L6°0
£0+36265C€°0
T0+26r960°0
20+3L/ "0 "0
T0+3ny 0L°0
104201959°0
€0¢345271°0
£0+326012°0
€043Z9L05°0
10430010670
7043r0L92°0
20432507 C°0

0°0
2072291 L°0
TO*Z0NZLS 0
T0+39(56R°0
T0+4TSCLR°0
1043L€9%6°0
203RLELL°0
10+39€Z01L°0
TOATUNLLY "0
€0+ uCIL "0
Z0eZgRLLAC
€0+31€c12°0
€071 2152°0
€043L L9010
h043LNLSL"0
h04+7618S5H°C
€o+300LCEC"0
10#296%55°0
LC22Z9L9n "0
T047EH296°0
T0P2A6LNE"0
T0-3E8LNS°0
10-3L067C°0
S0-3906C6°0
$0-3906€5°0
€0-2656CL°0
€0-2656€1°0

€0-2EN98L°0~ H0O-IJ0CEL"O0~

€ 4no39

. 10+366CH9°C
L0+a579L1°0
104389901 °0C
0C+39€596°0
LO+3hLLRE"D
10436690€°0
1032295L°0
00435289 °0
00+3LL159°0
00+3L9906°0
00+3£06L6°0
00+35ALOE °0
Lo+32Z2001 °0
10+430LELZ°0
20431 500F°0
Lo+3naNEL"0
10«37171L"0
004394001 °C

[l
L0e322C00°0
10+3In0OP6S°0
L0+36900L°0
10+342659°0
LosancLLL-e
00+36890L°0
00+4376Zh7°0
tosaisiz e
LOe3GHOLL"0
10+39LL9L°0
L0+366%9L°0
1042 nL0L8"0
LO«ano0Lh "0
€0+39566L°0
€0+290€EN"C
10+30L1L€9°0
00+3226€6°0
00+3nE6LT "0
L0+300Z%1 0
ho-31CaGL°C
€0-39006L°C
T0-3LS502°0
90-3ZLNRL "0
90-3ZL1h8B1L°0
5C-352RFR°0
S0-39706£8°0

Z anowd

NOIlJaBOSaY

ST i W -

(L 30 L =bed)

10+2609L1°0 LL]
L0*anL60L"0 Sh
L0+3nr LLL "D hh
00429L61Z°0 (4]
00+3L0LLH°0 e
00+3LLAYL "0 (]
0042€9+LN°0 . ON
arpine o of
L0-TL91P0"0 LAY
L0-TrEGZR°0 Le
10-2ELN9N "0 of

10

LO-2CLZhL"0 he
004325257°0 41
LO+TLY6LTZ 0 4%
00306091 °0 LE
L0-521069°0 og
ZC-3ChELL O o7
70-35€P0C°0 Likd
10+306t91L°0 (X4
Lo+as2eeL o 9z
10+360€01°0 Ss7
L0+ LPROZ "0 LEd
00+asLHLL"0 [ %4
10-35U569°0 [ 44
L0-3RBI6 1 °0 1 X4
0C2725L5L°0 oz -
00+70CLLG "D 61
00+3L90LS" 0 81
0042LLF0T"0 A}
00+369L29°0 9
00+30L902°0 1)
00+3540C1 °0 L1}
10435107570 €t
003(L%9Z°0 Tt
L0-36C60€°0

L0-22LECS "0

T0-211622°0~
€0-3ntLT61°0
Z0-3f0LEC"0
z70-acoLez "o
€0-79€051°0
£3-39€0S1°0
60-35€611°0~

0°0 sC

[ e

S S A

-
-

0°0

.

0°0

0000000 NVOOODO0O0IDNOCDOO0O0OD2OC 0000 0P 0020090
N BT T .
ONDDOCOOCNONDDVADDOODP020DD2000279979950300°220°2020Mm703

2% 2 5% 5 % S L P B PPt BB qesSeaPe®ee

TN TVNO~DIND
-

Lt annas (D¢ h énono

SYOIIIRS-5S0MD QIlVINDIVD

$Z°D ATV

L0-37LZ0L "0
1IN=-3171%F°0
L0-3¢60L1°9
LO-316#01 "0
19-167191°0
LNn=3LnentL 0
Z0-31700F6°0
Ip=-3501001°0
LO=G9RIFL "0
10=-327911°0
Lo=-2z000L°0

n°o
LO-1rG6hZ "0
L0-359L61 °0

0o
10-316G0(RL "0
te=4pLeLz 0

n-p
LG-290002°0
10-171071°0
te-30/€¢11°0
16-365521 °0
L6-39L161°0
10-36L051 "0

o°n

0°n
10-3nZ0P37°0
Z0-10671F°0
Le-396L01 °0
TO-TELLES5E°0
T4 St Sl 8 L]
\0-370RL7 "0

60

0°0
10-317501°0
Le-3LLectL =n

2°0
LO=36HEN D

00
10-260G677°0

[}
10-171 600D
L0-37L602°0
00+37LACL "0
Coe2CLyIL "0
1C-12LF0 "0

£ 4n0uo

te-agsneLco
Lh=-40&rCL "0
Le-3196A2°0
Lo=-7ceenL "0
tp=-"nzncL *n
t6=3179%G1°¢C
1e-395121°9
00eINA?91L°0
LR b TR
10=207¢97 ¢
1e=1eRGZL 0

00
Le=700021°0
to-4900L7"0

0°0
10-"Ph941L°0
L0-272Z092 0

c*n
Le="1017(%0
IP-359401°0
10-75n 571 °¢C
LC-360051 0
to-7PELIL"°0
LO-GhGSLF O

0°0

L0 ]
L0-14G621°0
—7ld’—v’°2|°
Lo-3agoLsso0
L0-2042AF 0
10-"¢gonL e
1I-398613°0

0°0

00
1o=-3(L1L7*o
LO=TnPELZ°N

00
10-16%CS7°0

o-e¢
to-iegczee o

0°0
10-70CETL"C
te-3ceezece
0deIn0F7L0
00eTHOCZL0
10-3FnROG" 0

7 Z2nonn

TYA043N

CoeCLAL7*9
COeIPGLEL "0 Gh
CRe2ICLHL "0 &
00+TLLS0Z C En
CO+TLLTCH 0 THh
0Ce7rRCT"C LY
LUEEVATAR AL 1]
CCeRFOn "0 £E
00¢300961°0 of
Lc=29906%°n (f
L1e=3L9507°0 of

c°o of
rreaT6I57L°C o€
C0+AGRAGL " (F

0o 2¢
LCeRZICL°0 I
o= 620" 0OF

n'o0 67
Co«2vPLLL"C A7
Che2L5ern "0 bd
(recci?°c 92
0CeCZogL "0 ST
COI"ARLSLC nT
CO4TNEM? 0 (7

00 2

°0 12
CO+™LT765°0 0O
Coer7HBIL"C 6L
cnes7esTZzCc 1L
LR RAUL Al A |
CCea°( 7670 91
CO+T1G4rC "0 SU

0o ot

oo €1
10-"7800%°0 Z1L
COa=7CRNT"0 L

o°ec o
CO+769607 "0

"0
0ne=09277 0

c*0
eeerangel 0
cosTo5cgL "0
COeTAALLL0
[ YN
CosdLCRAL"O

—-NMmIOVOo~DO

-
-

L 26049

—




(L 30 T ®bed) Gzg = WH/D HOd SNOILOIS-SSOHD dNO¥O-UNOd :€°D ATAVYL

3
.

20-3158095°0 00430L596°0 L0+29Z0LL°0 10+3S9ZIL°0 00+30SZCL°0 104200698°0 10+39509G°0 9»

70-a9zZ0r1°0 00+3€0696°0 10+30690C°0 00¢30SYEB°0 L0-FCLLHL 0 1CeACZSOL 0 1C+TLANIS D 61

0°0 0°o
s co-3c281€C°0 0o 0°0 004759996°0 1D43ISLIIE 0 00422LIP6°0 004269911°0 LO43ICESHL"0 LC+AZHZSS 0 Sh
L1 €0-ALL66L"0 0°0 0°0 0043LL996°0 10470Z50L°0 1L0¢IRN6IL°0 " 10-3S6BCL°C LO+30LZCP°0 1CICC555°0 uh
(4] 20-an008C°0 0°0 0°0 00435€S96°0 104320CCLZ 0 00+3nL0GL°0 L0-3PCCSH°0 L0+36ZETB°0 1C+30ZISS°0 €W ‘
n €0-310006°0 0°0 0°0 004395096°0 L0ASSHST 0 00¢3CCLEZ"0 O00+3IL62(7°0 1042ALIYL"0 10+269055°0 20 ]
(4] €0-3¢90%00°0 0°0 0°0 0°0 0°0 9" 00+T4L(IL°0 (0+20LSIL"0 (10+30000L°0 N 1
on €0-321CCL0°0 0°0 0°o0 0°0 0°0 0°0 00+29LhLh°0 (C+ACRCEL"0 L0eTLCLIL C OO |
3 6c T0-3€C992°0 0°0 0°0 0°0 0°0 0°0 L0-391n90°0 1042ZGLIL"0 1C+A9Z605°0 6 |
' RE 20-30€992°0 0°0 0°0 0°0 0°0 0°0 1LO-FZRANGA°0 LO+TCNLLLO 10+3ALL160S'0 RC
Lc €0-3ALNLG 0 0°0 00 0o L} 0°C 10-7h(GIN°0 LC+3LSLNI°0 ICedLELN9 0 L€ |
¢ €0-38LNL6°0 0°0 c°o 0o (] 0°0 1C-3ZIAGH'0 LO+dEONHO°0 LC+3Z0LH9°0 9C {
St 0°0 0°o 0°0 0°0 0°0 o°‘e 0°o c*o 00 st ;
ne €0-30285¢€ °0 0°0 0°0 00 00 0°0 (0-T640CL°0 (0eTCIZC°0 10030051 9%0 n(
3 €€ €0-3sz502°0 0°0 0°0 0°0 0°0 0°0 0043L176C°0 104395009°0 1LO+*In6CC9°0 (C
2 141 0'0 0°0 0°0 0°0 0°0 0°0 10+3%E6LZ"0 tosqELnZ 0 2
te £0-2£0Ln1 °0 0°0 0°0 0°0 0°o0 0°0 00+3L9091°0 10¢=€00G9°C IC+TANZL9°C ((
o€ hO-ani Lo 0°0 0°0 0o°o 0°0 0°0  10-329575%°0 100472¢0LS°C 10+In0NNS 0 OC
6z oo 0°0 00 00 0o 0°0 Z0-366266°0 ZO0-2NK26C°0 ZC-39L6GLN"0 67
1 k4 0°0 S0-289ZLh°0 T0-2LBOOF"0 [} 0°o0 00 A0-320M90°0 10+4AMLLE°0 100390697 °C @Z
l (X4 70-390R80Z2°0 0°0 0°0 00439SL96°0 10+AZINIZ ‘0 O0+ICICRG 0 O0+H0SILI"0 (0¢THIMOATO (OIS0 ¢ 2
L14 20-3ZN192°0 0°0 C°0 004360L96°0 1044nLLSZ°0 (04I6SCZL"0 OC+AINCAL"0 LOOIALALLC 109210570 97
114 €0-369009°0 0°0 0°0 004I6HL96°0 L0+IBLAIZ 0 00¢300SHB°0 0043060NL°0 LO+JESHLL O LO*LEnNPLS O ST
! zZo-3n0€12°0 0°0 0°0 00¢3€£996°0 1L0¢3INEO092°0 104392661 °0 10-39¢I66°0 10+a0Z0GL°0 1C+79190S°0 *Z
=5 €z 70-206LL0°0 0°0 0°0 00¢3CL996°0 10+25G002°0 10-36T59€°0 OC*IUGZCL C LO*”LLLLL O 1C4TL0€E9°0 (2
w ™ 144 0°0 0°0 0°0 00 0°0 0°0 10-d9uHGNI9°0 10-ANKGB9°0 L0-TESwNS e 22
L, \z 0°0 0°0 0°0 0°0 ) 0°0 0°0 10-3LLO6L°0 10-3LL951°0 1C-3L1P9L°0 12
I 0z 0°0 0°0 C°0 00°3€0695°0 (04IGZCCC°0 00¢INI9INTI°0 00+305LLL°0 LO«ISCNOR0 10*3nEPLS5 D 02
0°o 0°0
0 c°0
1°0
0°0
"o
0°0
c°0
0°0
0°o0
o
0°0
c°0
o
0°0

>
~
O P e P P et P P T e e T e P T T P R e e P O e T g v e e P g - P v g - g - g

8t T0-3ZZZ8L "0 ‘0 = 004360L96° 1043H0L9T" 00+308SEE°0 O004ANCEEZ 0 10*2RUI65P°C 10+7LL009°C 81 .
et €0-3€1891°0 ND0-2%S091°0 HO0-2nSH9L° 0°0 0°0 0°0 004!GLE0Z°0 L0*3R99DL°0 (1C+43ImLwBS°0 LI
9N 0°0 0°0 if 0°0 0°0 0°0 00+42h(L79°0 10+4Ln6CL 0 10+307CH""0 91
St ZO-FLZELT 0 HO-TIEION°0 N0-29€CI0H° 0°0 0°0 0°0 00+36LFOZ°0 L0+H296ZL°0 10#3L1995°0 St
" 0°0 0°0 X 0°0 0°0 0°0 O0C+AARLAEL"0 00436LHEL°0 004736L51L°0 W1
€L 0°0 0°0 i 0°0 0°0 0°0 10+ 66LS°0 LO23C66LS°0 16+225090°0 £
4} €0-296L8Z°0 0°0 & 0°0 00 0°0 0047SCHh97°0 1L04IUBLEI°C LC+2EnpE9°C T
3 113 €0-290L2¢€°0 0°0 ¥ 0°0 0°0 0°0 10-3L9S0C°0 10431 NZZO°0 1C+301009°0 I
ot 0°0 0°0 ¥ 0°0 0°0 0°0 0°0 o°e 0°0 ot
6 €0-390L2€°0 0°0 i 0°0 0°0 0°0 10-3800€S°0 10+30CNZI°C 1D+268BIZW'C 6
8 0°0 c°0 = 0°0 c°0 0°0 0°0 0°o 0*0 8
L 0°0 T0-379€9°0 i 0°o 0°0 0°0 €O-3nLhhC 0 10424N0SE"0 L0e3QLSLZ0 L
9 0°0 0°0 i 0°0 0°0 0°0 €0-719926L°0 (0-399ZAL°0 (C-T0LCLt°0 9
S 0°0 S0-30ZT8C°C Z0-30SLE7°0 0°0 v°o 0°0 GO-FLETTL "0~ LO*ILLLSE 0 LC+I0SIBZ°0 S !
L] 0°0 60-2027ZBE€°0 20-30S4€2°0 0°0 0°0 0°0 K0-FNEITLC~ LO*2LLLSC 0 L(*30G\RZ°0 !
C 0°0 0°0 €0-360671°0 0°0 0°0 0°0 J0-46S0LL"0 10+2CHORZ°0 LC321522°0 € !
[4 0°0 0°0 €O0-36hENL°0 0°0 0°0 0°0 9C-3650LL°0 1043Cn0BZ°C 104321922°0 2
i 0°0 S0-INE6LL°O c'o 0°0 0°o0 0°0 0°0 10*+21PSLE°0 LO301SLZ°C
" 1080 a-n HZ-N TH41Y-N INd nx ROISSTA YHHYO-R Tviol 1H04S8¥YYL 41X

L d00%9 ¥04 SAOILDAS-SSOHD D130DS0UITIN |

IR T T e
il o b —_—




=135=-

5
8
L
9
S
L4
€
z
3

8 MNMVNANANNENTNTANT=NNNNNENNT NN ANNNNT NN NNENNNNNNNNNNN NN~

(L 30 g 9b6bed)

S

L0-2L6ZHE "0
10-30855€€°0
L0-TLF7EF°O
10-3n59nT "0
10-39EnGC°0
0

00 NO0CQOO020000
.
000N VO0QO00O0OOO

3
.
.

.
.
.

10-29¢n7¢C °
10-TROSZC"0
10-340452E°0
10-3€LTCC "0
1e-acLeee°o
0°0
0°0
10-29960C °0
10-29960C€ *0
L0-3R0OSZC°0
(o

[ I
[ v

.
3

0000000909000 0000000000000 CACO000090 0200900

3
" o .

0000000000000 0N00000000000O0T00COC000NON00Q0ODO
.

0000000099009 0000000200000000C00AND0000O0"O0NCOO

00000020 N00NTO00ODIDI00T00000TDOR0C0ITNOD0IOD20000900
"

2000000000000 0000
Soosossccos00ca0

20-262FC1L 0

0
=
o
[
=

RZ-K YHETY-~N mo

L0+39NC6Z°0 10+I92215°0
L0eILZLNT"0 OC+RLLISEL D
LO43EART0 1431 ERIZ°C
t0e3LL2r7°0 EC-anS0ZL°0C

QO"00TVOePORO0Q0C
.
Q0O NVNDIHOOIO000O

VOO D0Q0V209292900
0—39'So¢30<5°<~0<:a:30

L0+ICNISZ 0 E£0-76S5LSH°0
L0+39CNHZ°0 10+7R6CLH"C
L0+30ZL52°0 Z0-IH4G72°0

LOACEOST "0 LCeRESLYS O
4 0°0

. . 00

% 9°9
10e300%0C" T0-351201°0
L043ZGIR7 * 1C-30n022 °0

D2O0O0MDMNIIDCINOODIIOIDD
’
DODODITVONIDINDIISCITIOND

09N MHOVOOTOO0OIO0IDNCOONMNODO
.
0OCDODHTNO0ONO0O0ODODICPOOD0OOD

s K0I°5514

T 4rOEo ¥04d SXOIIDTIS-SSOUD DIE0DSOSDIW

3g*

O dTdVL

1047437¢€1°0
104359¢ 91 *0
1041F0KLL°0
00sTTOLE6"0
LOs3RLLNF "0
1943 (uLnr 0
Loeq970GL "¢
004350909 "0
09+7L5002°0
COsTICRO0R"0
03+I05(RE"0
(LEE TR LI &)
L0eTUNNEL "0
10 Ttmg L0
TOT135CF°C
15309 EL "0
1007057110
00+ 7HIP0L *C

0°0
10s300 08¢
104750601 0
1203190 681°C
COsT6NCTL O
1247177080
COeTALLOL"N
0I+3LEFNZ "0
104366122°0
LCAA%RILL "0
Ine 1701 "0
Les7(ncaL "0
LOsALCZ (8D
trezao (8 0
foemrr70R"C
[ ERLA LIS B}
10147700
(O ALNOSE D
0361696170
10427F201°0
KE-TLHIGL =0
12=-10L66L°0
Z0-3THE07°0
ap-77058L °n
-1 CiL* 0
CC-3IFIREP 0
§9-3194(0°0

0°0

YERYD-A

7043u56LL°0
Tosn0AqL g
TOaZNPENL 0
TueT%I01 0
ToeaTLETHLO
TOeTHIMOL O
7047055110
7043894921 °0
70T L9710
04=n7OL7°0
1243110990
00471992 ¢C 0
1da7g77L0°0C
1247457723 °0
Toe3LL500
tee=zesoe e
12e3r906L"0
(geirnacL ¢
t3e15¢87 ¢
z0+300951°¢F
7047L7PO1L %0
704705270170
70470291 °0
TOe3I7CNML°C
frspnr0Lte
NO+FCrZ 0
2031057 1°C
7042166027 ¢C
JI*SELNIL D
20+2060072°0
7oL EDLD
ToMNLT
fnanzrpu=p
FoeGhnEN D
704I0LLNT7TC0
LQeTCRErR"C
)66 T "0
1043165060
hO-TLRIACL "0
ea17e1oe e
TO=37CA(7°C
102TLLESEC
IDe361RLE"N
LO+3R7E9R"C
1)+362€9%°0
CPe36652L°0

1Y101

rea3zeL L "0
AR 1134 0l d
70TCHeCL"0
PARE R 8 454 il
70e7LZ0NL"C
04798171 %0
TOOTENITLTD
704396C71°0
rRazoLEZLCr
7reaTLZUITTC
10eTELrIg 0
fheRrLK7°N
Losz0LL "0
(LA VIR
7Cam ML 7D
tnea,ye=n
1deqavoL e
0re=Tezn1L°C
toe29nerg °C
Z042606%1°0
0e3ntaL"0
TO T HuTTL S
7Ce2geneLoe
7CsT40anL °0
(heTgufe9 0
fRedYLEFZ C
7ReTXFTFL"0
Zeeq 070 L0
IeeT(7rnL"0
TIesOIEL O
70705 RLL70
tAaR & (g 4 & Wi o
fredecage-c
FRe2yCL7n°C
farz°e
LRegyP7R 0
00+~ LEFLIZ P
LPReZO(CTE"C
bl R4 R R
1CeZL9u61 70
TC=TREGNTTO
(reSLLEnr =0
LOSTLLENT "0
LreZ 250" 0
teerzsre°e
06eIPCrROC

1¥0assval

~-NmTALSDD

-
-




-136=

(L 30 ¢
9n € 0°0 0°o0 0°C 60-380L99°0
St € 0°0 0°0 0°0 S50-ah6159°0
LL] € 0°o c°o 0°0 S0-37ZS6%9°0
(4] € 0o°o 0°0 0°0 SC-Intn(9°0
Zh € 0°0 0°n 0°0 S0-3IGLG6F9°0
in € 0°0 0°0 c-o 0°0
on (4 o¢ (] 0°0 0°0
6¢C C 0°0 0°0 0°0 0°0
et € 0°0 0°0 00 (O
Le € 0°0 [ 0-o0 0°0
9¢ € 0°0 0°o 0*¢ 0°0
st t 0°0 0°o 00 0°C
(13 £ 0°0 0°o 0°0 c°o
€t € 0°0 (] o°¢ 0°o
44 ' 0°0 0-0 0°o o°c
134 € 0°0 c°o 0°0 0°0
ot C 0°0 0°0 0°0 ()
67 L 0o°o c°o 0°o c°0
(14 4 n°0 c°o c°o 0°0
(24 € 0°0 0°0 0°o 0°0
9z < 0°0 0°¢ 00 0°0
114 € 0°0 0o 0°0 c°o
| 14 € 0°o0 0°0 c°0 0°0
| 24 f 0°0 0°o 0°0 0°0
144 L 0°0 00 0°0 "0
(%4 t 0°0 0°0 00 00
or € o°0 [ ] c0 0°0
bt € 0°0 [ ] 0°o 0°0
81 f 0°0 0°o0 0°0 0°0
e € 0°0 0°o [\ ) 0°0
9" € 0°0 0°0 0°0 0°0
St C 0°o 0°0 c-0 0°o0
L1} t e-o 0°e 0°0 ¢°9
€1 1 [} 0°o eco (/A1)
(4% € 0°0 0°o 0°0 0°0
(93 € 00 0°o 0°0 c°o
oL ] 0°0 co (o} 0°0
6 € 0°o 0o 0°0 0°0
8 ] 0°o 0°o 0-¢c oo
[ € o°e 0°o0 o°c 0°0
9 \ 0°o0 0°0 n°0 0°0
5 € 0°o0 0°0 0°9 e°o
" € 0°0 0°0 0°0 0°0
|4 £ 0°0 0°0 0-0 0°0
4 4 0°0 0°0 0°0 0°0
L 4 0°0 (€0-2C09LZ°0 0°0 c°0
[ S &3 ] o-8 nz-v THATV-R md

abed)

104362¢€62°0
LO+ANGIUZ 0
10+377(8B7 "0
10+3S6LCT”

.

L .
QODCID0D0DDO0OHNO0O0C09D D

3

1043020

10436705

L S R ) .
0ONO0O00O0DOO0DIVNIDNO00O00O0O2200

0
0
0
c
d
0
0
0
e
0
0
[y
0
¢
0
"
L4
0
4
0
0
0°
0
¢
0
9
J
0
[
0
14
0
0
0
0
0
o
Y
0
0
c
0

€°0 ATHVL

T04326118°0
CC+2LRE6L"0
T0437190C 70
LO=-37LETT°0

R
TOITOOTISVAODORCOP2D

Z0+3NnPLOL °

Zee3067L

VOO MNAOD2IOMMNAONDO0000VO0DICIYLTIMOIOTIVOI2IVDO0OP209090 3932
v
S8 5090393303330°3003953333

ROISSIA

€ 2n0¥D %04 SKOIIDAS~LSOND DIA0DS 0¥IIA

7043nrNLL "0
204771567 °0
70eTrLCOT 0O
TYeILFCG70
7oeq7ruQosc
€0+5€1 0050
7043175(H°C
C0+226Z0F "0
704106790 %0
Z043uLNGAN
7047¢7LCL "0
124354065790
fCeaCOMZL 0
FO47(3547 0
(ne~(rais e
LO*YIEL(G 0
7yezAN07°0
7COTI9RIEFC0

o°n
70e3°7€7L°0
704797607 °0
03Nl n670
TOeTLZUGL(
7hs3g100L "
20e3earilte
10e2/nL L "0
7047757vn "0
f0+=FLS91°D
CeZ0NNR 0
(0e3¢K217°C
f0eT56CC7°0
€94300P%L "0
LoER RS T A}
hEATELISNC
(0*37005F "0
1023I8760G"C
(WL LUNE R 1)
22456170570
704€7PGF°0
20-18nNGS 0
10=-3L786r°C
GC-T07%04"°C
6I-3104A%E6°0
€o-167101°0
£3-113101 0
*y-32¢0L2°0

YURVO-R

fo+31901LL°0
T0476481G°0
70421650L°0
TCeTnB107 0
ToeTRLLTLED
foen2 LNC 0
Fre312C01°0
fO0+3CRSAHL"O
Z0+1ELERHE O
TOINRZ2?76° 0
204929027270
10476500 °0
Fle7LLEMN"C
fO4IGULNZ D
foevtLCsLS C
7GaTnRZLL"C
TOeIGHILN "D
704700ECC°0
Ltoes3900LE "0
704 HETD
7De31S779°0
194103511 °0
70070GH6°C
TOENLAZ "0
TpecurLC
Loe775101°0
74151090
0335002 °P
704018L°0
143950720
[CERITLYRAd ¢
€0eUGOZ7 0
hNe30FSHL T
rOeZELISN"C
Fre7uqLGn "0
7de10007 1 °C
(LR LLTA M
73471060 L°0
79e7r705¢°C
L0e=07127°0
L0-3L7n5¢€°0
tee2q0tLr~(
L0+IC80LLL "0
124710600
LO+ALNGIN "0
0oeI9Z07L"0

TvioL

fo+26001L "0
0 +20CH75°0
7C4q00CIL°0
203000
TeesRrLZL0
Fha3neICS*C
foe267r0L"C
$Ce3CLLOLTO
T0+2572/0°0
TO2GHLT76°0
TO4ALKOITC
1pePru099°0
[d A d AR
freCErer0
LOEEN A0 R
7Ce7P171L°0
TCeI0UFNN"D
TOISCI(T*0
LeeRnsgoE "0
AR ERAS TR ]
70aTSFTr e
LAaR kb o4 & Sl
SR S AT
TOSHLLPT0
7neInerLL 0
[ ANEA od o
7CeTuNL0N0
fpeapip2°n
7CIGILT L0
YO+0uNr 70
[oe200012°0
fpsganiccn
ALk lel § AL
LIEE R RS i
f0e750005°¢
70eTLINTLO
Leemn?e (%0
TOeTHRSLLO
TCeIn( NG C
LeegIZrIT 0
te-oLn-¢ 0
tre20720¢c°0
10eZ L7261 °C
teegrcse o
LoeZ0CSH 0
002009090

1904SKY L

~—NMIAO~Don

—————

e




(L 30 y =bed) tg°D A4Vl t .
i
9y 4 0°0 0°0 0°0 RO-IJTZOTL 0 L0*ICTEHRZ 0 (€043690CL") (€0439279Z°0 MDeICHCLL"C HOZASCCL"N 90 A
Se € 0o°o 00 0°0 RO-FNSLLL 0 LO4IRKRIAZ "0 CC4ICSPAL"C EC+TIGLLL 0 FNeTORCZR D FO+ICC TR0 Gy r
L1 € 0°0 0°0 0°0 N)-37CNML°0 10+3CFLOZ"0 fC+3I507N°D C(OSINGFHH"C NOOIZC7CL "0 NNZLOIIL"0 &Y !
(1] € 0°0 0°0 0°0 B0-355LZL "0 LO4ASLLEZ 0 NO-FBHULECC LOSILHLZL 0  7ReT051IL°C  7Z2s3Rufel 0 € A
b4} L] o°o 0°0 c°¢ 01-39%900CL°0 0°0 C°0 ZOAWGLIST0 Z(+7200009°0 LUV L Al G 4 ] 1
O 0°¢ 0°0 0°0 c°0 0°0 0°0 mI4INGELI°0  HIeTH4C19°0 719°0 h |
on 4 0°0 0°0 0°0 0°0 0o°o C°0 fO*ABNLGIN  FNeIRALG9°0 FNeT109CI°0 OF |
6F 14 o°c 0°0 0°0 c°0 0°0 = ZCAFIFGH6°0 70431LSH6°0 70eT001 %60  6C
14 4 0°0 0°0 o-¢ oo 0°0 0°0 TICLLZICSC Z04TLITULE 0 70eTRGNLE"D  of M
Lec z 0°c 0°0 0°0 0°9 e°o 0°0 ZNeINTTNZCD  ZLATAZTOZC  TCeITIPZO0 LS i
9t 4 0°0 c°o c°0 0°0 0°0 0°0 (24321901 °0 FO4ZZLACL"0 FPe3LOLFL°0 9E
St ) 0o 2°0 0°0 0°0 o°e 0°0 234797FF4°0 7D4197€FA°C TO+ICHL TR0 GF
L1Y 14 00 0°0 0°o 0°0 0°¢ 0°0 ZCeING7TSC 7C43767725°0 7043 rhs76°0Q  of
ft 4 0°0 0°0 o 0°0 0°0 0°0 ZNeINSI0h°0 7J+705708°C 70e20F4Cn°0 (C
(44 ] o°e c-o 0°o0 00 o°o 0°0 PDINNLGID NDeTRNI%09°0 SCsTLI*NG9°D ZF
1€ T 0°0 0°0 0°0 0°0 [ 0°0 FOOZLAINL"0 (FOTLALEL 0 (O+26(4A%1°0 IT
or 14 0°o0 0o 0°0 0°o 0°0 0°0 20¢7Lh0LNT0 Z043LFI(N°0 70s310FIN°0  OF
(14 8 o°o 0°0 e-o 0°0 0°0 0°0 ZOUGFLAL°0 ZCIGEIALSE  TReqZE77L°N 67
8z z 0°0 0°0 0°o0 0°0 0°9 0°0 *0-TCIOUL®0 1NN "0 L1Ce"CHLNY"F 2
(24 4 0°0 0°0 0°0 0°0 0°0 0°C ZCe-7ROLZ°0 704120ICF°0 v FEFFT0 L7
| 9z L] 0o°¢ 0°c c°0 0°0 LI4L0CHTC €O04TAILNZT °C TOOIFLOZHN°0 TOeTGAALZ"C fOQe2NCHIZ 0 9T
~ sz 4 0°0 c°o (5} 0°0 0°0 0°0 70¢1MMA0C°0  7Ie?70LGH N ZCeTTLHSHTO C7
(2] L 24 t4 0°0 0°0 0°0 0°C LO0420COGZ 0 €O04INTINT 0 ZO+INFANZ C (CeICLINZC FOe2QITEZC o
- €z 4 0°0 0°0 o°0 0°0 0°0 0°0 1030001 €°0 7063(7961 °0 7ReIEr051°0 €2
| (44 3 0°0 0°0 0°¢ c-o 0°0 C°0 t0*IGIR7I°C 10+76177272°0 0e210L79°0 22
(%4 t 0°0 0°o 0°0 0°0 0°0 0°0 COeTInIPR"C (04IN7/A6°C GlLe3RL220°0 |7
oz f 0°0 0°0 o°e 0°0 0°0 0°0 E0*I67LIL"0 (€I+T9%4LL°0 fFCe?(AN”1 DN ¢Z
5% C 0°0 0°0 0°0 0°e 0°0 C°C 20437L%51°0 70eITANCTC  TreTLISTTD KL
18 z 0°0 0°0 e°o 0°0 0°0 0°0 LO*I/LFLT0 7047LOLZL"0 7ra70((71°0 6L
L € 0°0 0°0 (U] o°c c-e 0°0 CIVFHNLIL"0 (I43HuLLL "0 FOeNt7UL"0 Ut
7 14 0°o0 0°0 0°0 0°0 (] 00 SOOIGLSIF 0 1CoTLISICL"C *CedFALIF"C G
St € 0°0 0°0 0°0 0°0 0°0 0°0 GIeInhZIC 0 GNHATERNIL 0 GOeFTENM "0 SI
(1} \ 0°0 0°0 0°0 0°9 0°ec 0°0 €O*IFPLSI°C  (OOTCNIGI™D  FPeZL™MIGO°0 i
€L i 0°0 0°0 00 0°0 0°0 0°C SOATMFOLLC GO HRIL"C SGre35LELL"A €}
(4} z 0°0 0°0 0°0 0o°o o°e 0°0 f£I*¥GEEOL"0 fFOSTUELAL "0 (€ eT(0r L °C Tt
i z 0°0 0°0 0°0 ()] 0°o 0°0 104IrGLALT0  L0479510C°0  LO0e™ 10O (] -
']} L 0°0 c°o 0°0 0-¢ 0°0 0°0 7J4TULVILAG0  Z043L9LAG C 70PeT(E72C°" 0L
6 z 0°0 [ 0-0 0°0 2°0 0°0 7)4T(AMZL 0 ZDSTLASTLC TOOICTIILO 6
L 1 0°0 0°0 0°o 0°0 c¢ee 9°C LOOTFLGLL 0 [OS3EIGIL 0 [Pe3%/riLl*C @
L T 0°0 0o 0°0 0o°p n°0 0°C 1I-3062MCL0 LOITETARLL"0 LfemCEin7 0
9 1 0°0 0°0 0°0 0°0 0o°0 0°0 COPTINPLNC CIOTGRENC CPeILFR"C 9
1 L] 0°0 0°0 0°0 0°o 0°n C°C NC-R6NC6L°C LO*TLRORL0 LNeZLIFFN"0 §
] L] 0°0 0°0 0°0 0o°o nee 0°0 *)-146E6L°0 ICeTCISRE 0 LCe3RI7R°C W
£ » 0°0 0°0 0°0 c°o 0°0 0°0 70-375CLL°0 LOASOFOLH"0 LQeTPIPTG"D €
4 ] 0°0 0°o 0°0 0°0 0°0 0°0 Z0-3Z5SLL°D 1)eTENUPL0 LD« wie7G°0 2
13 4 0°o 0°o 0°0 0°0 0°0 C°0 Z0-7G0%0C°0 CO0420LFRL°C 00e31L%*8°C |
1 OS¢ a-n nZ-n YHATV-N md nn XNISS1d YNEYD-Y 1ving Le02crYEL 01
h anosd w02 SKROILIIS-5S0¥D DISODSOUDIIR
B

. —




-138-

(L 30 g ®bed) :g°D FTAYL

t0eL6589°0C 90
L0+74FLL2°0 G¢
LOs™OINL°C hn
INeILCRLL "0 EW
LNe3fe679°0 70
10e=ITHLa"C 1S
lre=re199°C 0%
LNe7949C 19" &€
IN4TRAREE2 "0 PE
LoeZESEZ0°r (€
Ihe34%019°C 9¢C

0°t ot
10+769T19°0 o
IDe27%6PG°C €F

oo 7¢
theen79°0 €
10450C55¢°C O

[ I % 4
10e37065€°0 RAZ
tnesrngen-n (2
tns*roLzen 97
1047/1.%669°C 67
10e2100FG°C *»Z
IreTPEGFL™Y €7

004+30ALLT°0 TO+30CSLL"0 9%
00435€1L%L°0 20+3C(PONL°0 SN
0043CEINL°0 ZO+ALLNIL®O0 N
0043CCG0Z °0 TO+ACCCSL°C (4
0047 ZZE6") Z0+3NHPIL°0 7*
0CA72COCT°0 100299H52°0 b
GO+2RNSLZ°0 L0+2LR505°0 Cn
004325961 °0 70+3CLPLL°0  6F
CN+2CN96L°0 ZOs2O0LOLLO0 NC
10-3£P060°0 ZT0*6290Z°C LS
10-3S6hU8°0 LO+3LUNIS°0 OF

00 0°0 sf
00431 ZSZL°0 10+20G99G5°0 ¢
0043GHKSL "0  LO*RPOINS D (€€

0°0 0=0 Zt
00+ACZECEL"0 10+390ERL°0 1€
19-31LRZB "0 1043655L9°0 Cf

0o°o 00 67
00+3INOLLL"0 LO0¢3FT0SC°0 07
0NeTIGHIHN°0 ZO*3IACLOL°0 (7
004206091 °0 Z20+7207Z401L°0 92
00+8970L1°0 ZC+39ZZ11°0 67
0047061GL°0 TO0ACLOCL 0 7
004374217 °0 TO03CLLEL°0 €7

0009 IVOVWOeCe

. L4
0800338000803 060000000c09%0a0

A

. "

. s

.

.
.
3
.
.

.
[
® 0
. .
..

.
.
.
0
.

¢ o s

* e
4 e
s v v e
0

.
.
3
.

3

.

.
.
3

.
0OPO0INODQOTO0O0IDT00030D09D0NDO0OVD200 0202020702259 000

CO0000LVON0000C0000V00009000000Q000090900000000%000
.

0000000000000 T00000000923309090000000040000000090
"

® 8 00 0 00 00 P 5 g g B P he P g oo LA POt e P00

0000 COODV20CO0DICD00O0RPCI0O00000NCO0I0000CCC0P20000P0d
.

ODDOD 33309 I2NOP09T79320%20932002939200239029902 303290903
ODVOUMDINDIDOONODODVODIDNOIIVAIVITDDOVIO0H003OINI 5309
0
D0 09270000V IVDVINCO0NOODEDTD99I239909020090 3023209
P209390909A029 0022200209330 I9CHDO00CO0D29220995090000095D

.

0

(|

(

0

0

0

0

0

(]

o

9
2 =¢ 0°0 0°0 27 5 i 7 0°0 72
. -0 00 0°0 7 > % i [ ¥4
. “0 004301265°0 720+365601°0 02 2 . "0 10+7P7609°0C 02
5 "0 0022ZL6LL°0 Z0+390PPL°0 6L . : 0 LOeTRLIHOCO KL
0 “0 00#759G2Z°0 2043502%1°0 PRI ® * ® tne=1o61 L0 1L
0 “C 00+IARPRNL"0 Z0e3LGF2L°0 L1 2 ) “0 1CeTSLLe0 (L
“0 “0 00+36HLAC°0 1003L05L6°0 91 o X "0 L0eTZRLEHTO 9
°0 “0 O00¢RBL6EE°0 70437069L°0 GI Y " 0 LPsaNSGI9°C  SI
0 0 0°0 00 ni * * = [ 13
*0 ‘0 0°0 c°0 €L % . g c°o (1
*9 *C  10-0L965°0 Z04RCLLYL°0 7L * “ 0 los7o1r90 21
‘0 "0 00¢3LLONT 0 LOs2NLK(LO LI 5 5 0 10s70TRLSC (L
0 0 0°0 c°0 Ct # ® > e e ot
“0 “0 0002%9672°0 L043CCLHL"0 6 > . *0  L04Z720M65°0 &
-0 *0 0°0 0°0 ¢ ¢ - * cc e
-0 “0 00+3f2277°C 104306P51°0 L = = 0 LoeT(NEOT 0 L
0 ‘0 0°0 0*0 9 ® s ® I O )
°0 “0 0002CLSEL°0 1Ce3?6IGE°C S X 5 “C 10429ACer"C §
-0 “0 OCe3NLSEL"0 10432615670 = * "N LNeTLHTEE N &
°0 ¢ 00+2L2CG6L°0 1De31605+°0 € ® = * 1ee=er €
‘0 ¢ 0043(IF6L°0  10¢TLEOSH"0 7 > ™ P oLnezsCL? D 2
‘0 ¢ 0243LLBIL°0 0C+3CHRLI°0 | oy ¥ s 10+325K6Z°C

9--({¢-9) 9--{2-9) 9--(1-2) N-~9 eI 9--1g-9) 9--(2-9) D-=i1-n) f-un [}
z dnoado L 47049

SKOT LDTIS-STO0M) ONIETIIVIS




0°0
0°0
0°0
0°0
0L-3€9E0N °0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0

[
o

~000000O0O

90-3L296

(I
CO0CO0OUO0O9O9000C0C

=139~

.
Qoo

oQoQoo0onNnnd2x0000002
. .
o

0L-396689°C
01-296689 "0
60-305€29°0
60-206€29°0

0°0

9--((-9)

0°0
60-292622°0
80-20SLSL °0
80-39€2LE°0
80-a%s8LL °0
0°0

L0-72561

R RN R N-F-R-E-N-E-N-X-X-X-N-N-X-J
.
CO0V29°299000000000900

0°0
60-3LCEEB"0
0°0
90-3€060L °0
0°0
80-36L096°
0°0
0°0

(]

CX-R-N-N-R-R-R-R-X-N-1
3
Q0329290309002

9--(z-9)

(L 3o 9 obed)

L0-211901 °0
10-30625€°0
10-3Z602ZL 0
Lo-3ec801"0
LO0-REC991L°0
L0-3912SL °0
T0-365196°0
10-31 Lh0T 0
10-7620€1°0
L0-2L192€°0
10-255LnL "0

0°0
10-70LLST °0
10-3LAZIL"C

0°0
10-395£02 °0
10-397122°0

0°0
L0-25L069°0
to-36Z0Ct "0
10-3074691°0
10-anL62ZL°0
L0-2RL9G1 °0
10-251661°0

0°0

0°0
to-2¢ctsiz 0
Z0-39105€°0
10-1€1LLL°0
TO-3ITHS9E°0
20-3006€0°0
16-327522°0

0°0

e°0
L0-262%01 "0
L0-3ChN9L °0

0°0
10-306891 °0

0°0
L0-2562€2°0

0°0
10-3850L9°0
10-3950L2°0
0043LI9L1L°0
00+3L9LLL°0
10-3€ZZ94%°0

9--(t-2)

% 4dp0¥d

T0+3LS60L°0
2043SPLIS"O
10+364GL8°0
Loe=CLZ6Y 0
10431 LCER°0

0°0

0000009 n"290"°
[ W
000009 D2M0°

L043Ar99€°0
70420200t °0
204377621 °0
104305106°0
70e392531°0C
T0+37ZSIL 0
0°0
c°0
toe3eL7tL°0
10431610670
10+2RNLEGTO
L0*ALOLAN"O
L0+701ELL"0
f0eLE6HL"
0°

coo00®
. . e
©OD000D9n

Loe3LzTLL"
eco
L0+3SKFRC°O
10421€69€°0
L10+3CL2LY "0
1C+a71920°0
00436668L°0

9-=0

tg°D d19YL

9 . 0°0
5h . 0°0
(L] . 0°0
(4] . 0°0
(4] . 0°o
th . 0°0
on . 0°C
or . 0°0
e - o°e
Le . 0°o
9f - o0
St . 0°0
L13 . "0
€ . 0°0
(43 . c°o
14 . 0°0
ng . 0°0
7 . 0°0
114 . oo
(X4 . 0°0
9?7 . c°o
124 . o°o
L4 . o°o
rz . o-e
144 . e*o
(%4 . 0°9
(24 . 0°0
L1} . 0°0
LA . e°0
Ll . 0°9
1 . 0°0
St . cee
hy . c*o
] . c-e
7t . o°n
1" . 0°n
(1} . 0°9
L} L] 0°o0
0 . 0°9
L * e°o
9 - 0°0
14 . c°c
" L) o°n
9 . 9°0
4 . 0°)
1 . 0°0
(3 9--1£-9)

SNOT LDIS~SEOND ON1AILLIVIS

SO-TNENGL O
90-3%90L L0
G0-350CY7°0
SO-3ILTMIL "0
ne-3090¢2°0
G0-306152°
SO-3LHLZF "0
S0-30CL"Z2°0
S0-31C697°0
Q9-310/Ln*)
Qp-aLesLr*0
0°0
50-306IN1 "0
SN-3L96/L °0
299
SO-3INFZTLT0
90-3609C 0 *0
00
0°0
S0-3661PP"D)
ho=-37110r°0
LOe=-3rSRa7 °0
6)-197in0 "D
SO=-30nL%E"0
0°d
o°o
»D-360011 °0
©-IHrLEQD
LO-T1%C679°0
HC-2LEFRESO
G0-39060L°0
H0-11G597 °n
2°0
0°n
CC-1P15H1L °0
CC-ATE9LE°0
e°o
G0-1779LF 0
0o
HO-I66TNE "D
(3
Lto-z2roLeL o
0-3179LLL"0
90-776LS7°0
90-3Z5167°0
0°0

n--(2-9)

Lo-2L06LL"0
Lo-20Ln9€L°0
10=-312067°0
L0-31L6NL°0
10-390951 °0
(C-3Lr551°0
10-37L1LZL°0
00+179701 °n
00+329701°0
Lo-30uT50¢C°0C
10-3210971°n

0°0
16-379671 °0
Lo-assuz ¢

o°e

10-2LSL61L°0
LO-F0LR97°0

0°0
10-3f5L2L"°C
1)=-3In5551 °C
to-2neoLL o
10-2rLLAL"0
to-30r41°0
10-3192047°C

0°C

00
10-2750L1°0
10-3LnLun*0
1e=-TH56SH°0
10-300GHE "D
tn=3cnznL e
10-3LEn70°0

c-c

veo
to-30%/¢L2 "0
\n-370612°0

o ¢
(N=3I06052°0

0°0
1o-gcnFLz o

0°0
Lo=-2r7(7L°C
13-38Z¢e7L"e
npeISLEZLTO
Q0 +3SLETL "0
10-39LC15°0

N--11-9)

€ anoun

204701271 °0 9%
Z0+7C€0PZ 0 SN |
TOMTIGHILO  ph |
7Cs7Cn0tF*C €N §
ICAZL7ZIL°0 2w '
toe3tnger *n An
108G LZG°0  Ob
TP e2T€SH°0  6F
70s3LPO "N BC
2047EnTEN "0 LE
704369711 °0 9¢€
n°n ot
FO+3G5HTC°0 »f
Ire60657°0 €€
(U 4 4
10e2£0977°0 LE
T0e30RZHL"C  OF
00 &2
Lh+316C2° 0 92
2047urZI1 "0 (T
neTocLiLe 97
Z0e"Grnor N <Z
IO RLE TR Bl I T 4
70+™gLonL"0 €T
[l I £ 4
00 1z
Z0eIr18Z1L70 02
TN4ZTL75°°C oL
70eqPL267°C 01
70210511 0 (L
7J+TengaL 0 9t
7NeIECHTL0  SU
n"e ot
8 1
€020 (rLL "0 ZU
esfLLIn"0 1t
c'c ot
TreTanZr "0
c°e
LeeIRE a7 °0
* 0
Lreanganrse
10+ 51897 °0
(UZE R4 L L
1GeTFZNIn "0
00+?6LLLY "0

NI NO~SD

feoon

)
"~




-140-

(L 30 ( ®bed) :g¢°D FTAVL

f0*ESECH6 0 TO0439BSBH°0 LO+ANEGHANI°0 1LCeILHILL O 9n * 0°0 LO=3LLOOL*0 (O0-TL0SLL"0 Ope~CPLL”"0
COS2TITLL 0 TO*IL9LST 0 LOFLLLLL®0 LO+31N501L°0 Sh . 0°0 LO0-I)AZSE"D LO=EOLPFL°0 CCe2aFLuL"0
h0+INDLEL 0 T0¢398909°0 LO+INELMH 0 LOe=GELLL O hh ') 0°0 )-3I7u07L°D LO-T12067°0 00+3F69*L "0
LO*AL6LTL 0 TO+TUICESZ 0 O00+4INLLOR"0 00+3B76HZ°0 £h . 0°0 LO=-3COROL 0 LC~-SLLG6HL°0 CCeTFCSP7°0
TOAIESLLS 0 CTO+TZARII"0 LO+ABLLNE 0 00+7GZILH"0 Zh * 0°0 L0-3€992L°0 12-31904GL°0 Q071720450
t0+IULHCLI°0 E€04ICL00S°0 10+3ILBLAC"0 00+3ZLN9L 0 (8] . 0°C 12-399ZGL°0 1C=-TLHG51°0 CO+20C(F07°0
E0*INALSI 0 T0¢ICTG6LA"0 L0*3I9ZNGL"0 O0C+IRSHLN"C on . 0°0 ?70-26519A°0 LO-3TLLZL"C QQe7FEELZ "0
7OFLEENE"C CNe™9SZRC 0 Q0+3509P9°0 LO0-20°0Kh1"0 5¢ . 0°0 10=31L%I7") DNDII707DL "0 (Na=7%%01 "0
TOQALLTLE O ZO0ZPHIYN"0 00+3LSOCL°0 LO-3SHLPH "0 113 - 0°0 LO=-3STOCEL 0 POS7o7CL°0  (Ce3E296L°0
TO*ABZZYZ°0 ZO0+aCLOGN"0 00+310506°0 LO-460GZn°0 Lt . 0°C 1= (LYZC"0 LO0=-7KZSC°0 (O-TEFORKF"C
CO+AZLACL"0 20¢3€TLOL°0 O00¢INSLI6°0 LO-TLBEINO 9t - 0°0 10-3GSINL°0 10=-TLL971°0 0-"Canrn= 0
Z04392€€8°0 L0+306599°0 O0C+I17°R0C°0 00 Sr . 0°0 00 (A A c*o
20039627650 CO*3090ZL°0 LO+ALLNOL°0 LO-3LLLHL"O L1% . 0°90 I-I0LLS7°0 L0-3990Z1°0 ONneL2CzZL °0
20+305900°0 €0+3LOSLZ°0 10+7Q6ELZ°0 CO+3LC2SC°0 € - 0°0 10-3LR7ZOL°0 10-FGSILZ°C CNeIGPRGL"D
N0eINBLSI 0 COIALESLS 0O ZCT10S0C°0 LO+7GF6L?°0 7¢ . 0°0 0°0 00 c°o
COCTLOLOL®0 10+ALCLOS 0 LO0+3ILANEL"C 00e2Z009L 0 (84 . 0°0 LC=-J95E07°0 IN-T(SLAL"N C(COe=C7FFL"O
c0eAIN0LB°0 Z043L9097° L0+43INEZLLI0 10-3FL769°0 o€ . 0°0 L0=-397177°C LN=-JCLGAT°0 L1O0-7L LPTF "0
CO*3ISELEL"0 ZO03INECE"0 O0C+3INIROL"0 TO0-3LKHTINHHL"O 67 . o°o 0o n*e no
®0-3CI90RL°0 0°0 0°0 T0-39%10C°0 [ }4 . 0°0 L0=36L%G9°0 LN=-FASL7L°"N CCe3Zn2LL1°0
TIodZBIET "0 TOISZLZL 0 LOI60NAN0 LO3SCYLLO e . 0°0 12-3620TL"D L1O-1050L6L°0 CNe70GHTH 0
f0+3CU997°0 TO0+ALO6NLIG0 LO+TLHHLS0 LOe3NZLEL O 2 . 0°0 10-3N7691°0 10=-FNCOLL"" CC+ANLOOL "0
20+29899€°0 TO0+3GHL66°0 LC+I6E0SL°0 1003 NICCL"0 ST . C°0 1L0-InL L0 LO0-7LLLIAL°C O0QeZ270(L "0
CO*QLALLZ "0 20+43LL978°0 10+780099°0 1L0+3GH6LNZ°0 L24 L) 0°0 19-34L9SL°0 10-70€A91°0 A4 ]
L0+3000LF°0 Z20¢3CL00L°0 10*3LZ711L°0 O00+3FLELL" O (%4 . 0°C LO=-Z6LSSL "0 LC=-FLINLC"0D CCe2TRPL7"N
(0+3I6LBZ9°0 ZO+IGRELL"0 O00+3NALOL"0 LO-38%GRI°0 t44 . o°e 00 e°e (o o}
N04INZTLBN"0  10*ALKLIOL°0 O00¢3LCEN7°0 LO-TLLIANL O 1 %4 . o-o (o Bd ] 00 nen
CC*36GZLLL D Z0437G6ZN9°0 LO+3G0TLZ°0 O0+3ISCORASL°O 0z . 0°0 LO0-3IFLSLZ°C LO=-27S0LL°0 OQC+201745"0
20027¢n0L°0 €0+3CLS9L°0 1042072021 °0 00¢250LL5°0 61 . 0°0 Z0-71416GSC 0 10-TLHLUP 0 ONe~7i811°0
LO*ALIELZ 0 204370020 °0 10+782291°0 00¢3240LG°0 At - 0°C LO=3ELILL "0 19=-7nG6GH"0 C(Che3G0G77°C
CO+28NL9L "0 E€O0+42GHILT 0 10+3LCI9L°0 00+319702°0 Lt '] 0°0 70-3ZnGAF*0 LO9-IPNGHL "0 OQO0*7uniirL °0
N0+IBLSEC 0 CO4IGHGGZ 0 10+2LOZTLB 0 00430CLZ7°0 at - 0°0 ZO0-3I06FN°C 10-T08LNL°0 OC+7%GIPP D
GO+aNNTIE0 €0+7608%L°0 10+3GALH°C 004325907°0 St . 0°0 10-372S77°0 LO-ZLENZAR°0 QO+ILICIC "0
€0+3CRALSO°0 NHO*AOFSHL0 €0+202Z08°0 00+24L0CL"°0 L1} . o°n 0o 0°n o
GO42LEBLL 0 H0+ACLLSH"0 CO+IGHNEN 0 L10+3CNA5LIG°0 £t . 00 0°0 e*n [ U
CO+IEGCEOL "0 EO0eSLr hE"0 LOTE7EE9°0 000219N92°0 [4 . 0°0 10-367POL "0 LO-FOTCFLZ°C LO-2R(9%6°0
LC2IPGLBE°0 10+3N oGS0 0043LH0NG°0 LO-70640f “0 it . 0°0 LO=-SC*rL*0 (N=ITOCUT°O ACeT((H+T" O
Z002LIUINS 0 L0*399MLn"0 00+364P6LZ"0 c°o ot . c°o n°¢ n°n 00
Z0ELBETL°0 ZTO04AGLILS 0 LOOSZETNL "0 10-26€CES°0 [ 3 » 0°0 10-706HOL°0 LO-3RANGZ 0 ON+IRIGHT 0 6
LOCIELSLL0 ZO0+3CZNGE"D %H0-310961°0 0°0 o - o°o 0°0 0o°e c°e R
10-36910L°D0 Z20-3n%0SS°0 €0-3AHAGL°0 2TO0-3RL672°C~- L . 0°0 10-3S62C7°0 LO0-3CRTLZ 0 00772277 °N0
C0¢I9GHEN°0 1D-3L2%GC°0 Z0-2ZH607°0 E€0-399Z5HL°0 9 . 0°0 o°e o0 o0 9
N0-366€6L°0 6GO0-ICBHA6°0 9C-390SAL°0 20-RZLLEZ°C S . 0°0 LO=-3°GCL9°0 LO-TAPTLZL"0 CO+=fLSIL 0 S
N0 -266CEL°0 SO-T0PhN6°0 9D-290SRL°0 Z0-3ZI1LEZ°0 L] . 0°) 10-33G0LT°0  10-3U7LZL"0 O00+=w(GeL "D
70-32¢GLL°0 C€O0-3G9LNL°0 GO-AC96FP°0 €0-3970G1°0 £ . C°0 COOZLIMLL 0 O0SGLE?L C  COeTL9L51°0 €
20-32aGL1°C £0-3GILNL°0 GO-2C96ER°0 €0-397C5L°0 4 ® 0°Y O0C*TLoMLL 0 O004ICLETL 0 CO+T(ERL "0 T
20-360N0C°0 C€O-20€CHHL 0~ HO-2LZECL 0= GO-3nC6LL "0~ | . 0°0 LO=7CT79%°0 10-3UOCIS 0 COs=(LRO1L°0 |

§ dnowd € danond Z dno¥so L dnono " % anowd £ 2N010 Z 4noen 1L 4no8on "

ROIlduoSey IvAOUZY

SAOILI3S-SSOND ARLYTINITIVD

S o




-141-

oL

4
~
e R R R

~—NMIVNo~OR

I 28

(¢ 30 T @bed) oGy =

T0-206R9S °0
0-2409LC°0
€0-38Z66L°0
T0-2LAALE"0
€0-30C"h6°0
€0-A5Tn0% °0
€0-2C6ZLN°0
T0-357992°0
20-352992°0
£0-2€Z7L6°0
€0-2C2Z0L6°0
c°0
€0-386L5C°0
€0-300S0Z °0
0°0
€0-aLa9nt “0
h0-2060LL "0
[
0°0
10-3004BZ°0
T0-ALe192°0
€0-762089°0
20-2C0CLZ°0
T0-2C61 L0 "0
0°0
0°0
0°0
20-22200L°C
zo-sstzet °0
€0-269L9%°0
0°o0
To-311tLz "o
0°o
0°0
£0-3LLLBZ "0
€0-3NL9ZC° 0
0°0
€0-3nL92€"
c°o

. I B ]
000000 NVO0VO0COO000C00OIC0OCOOICo20

s0-2122t

.

20-2LS%9

3
o

20-3CN10

]
CooQO0Qoo0

20-359¢€9

DNOCQOCOOOTO"NO0GOOVO0ODOC TN OOOOOONMO2OD00O
.

s0-29¢L10€°0
S0-39LLPL "0
c°0
0°0
$9-3ZL6LL "0

LEA )

.

T0-396R0

NO0O0000DDO0FIONNONIDIVNOVIMOOONONOOIONIDOWLODO
¢ 00 e Q
0000090 CO00T0TAVNODO0DI0CODN0T00000AO0CNO00OI O

hO-2L5091L °

h0-3CHL0

70-765LF7°0
T0-7561€Z "0
(0-16F601°0
€0-36E6ML °0

[}

THalv-y

WH/D d0d

00430L596°0
004251996 °0
0C+RLLIOG"O

004295796 °0
c°0

220090000202
. ]
0000 O0ONPQOINOO

004395096 °0C
004360196 °0
00476h¢956°0
CC+3CL796°90
0043CL994°0
o-o
oo
00+3€C696°0
00+2€0694°0
COsa6NL96"°
0*

. ]
0900000009 IP2VO 0

00000009 0PODO
o

md

SNOILOAS-SSO¥D dNo¥O-dNod *v°O

10+32L701E°C
17941170
10+31750¢°0
L0+367€LZ°0
1043066520

»

D000 ODP0002d
0ONODo0o03 6 Om00a2

L0437 092 °¢C
10+3%1LS7°C
LO*dBLHIT"0
L0430 09T °0
10420GPEZ°0

0°0

0o°c
10+3420CC"°0
LO+7r6)0C °0
10477029270

0°0

" e e e e
o

"

* ¢ o o 4 s

NOOCO0OQoDNOO0900N03D
.
0000 ODNOSC0O0VOD

ns

104399201L°0
00+356L196°0
104357691 °0
00+702051°0
00+TnSECZ °C
9-

c0o0o0nmo030n
.0
230838000020

D
.

0°0
0ne2CAr NG 0
10+364FTL"0
0reISEINN=0
LCe7G2661 °C
10-32769€"°0
[}
¢°0
00¢INLI*I°0
Qne36LLIP 0
00+2719€F°0
0°

0020039500930 0A
>
559A307233090093m00a

rOISS 13

4N0ED Y04 SROTIDIS-SSOND DICHSCIDIN

0003907€C1°0
00+3L19911°C
19-357nFL "0
19=-7H1FSL"N
C0e3%6FZ°0
09¢397¢(11°0
cosT90NL-"D
LO=T94F 90 0
1I=7195%5%°0
[l 8 R B o
10-3(8F5% "0
0o°¢
Lo-39n¢Lre e
03+32)725C°0C
L0376 L7°0
03s30900L 0
10=1617459°0
RI-IGLGHIN"D
preGENLLeN
0ss3INLrEL 0
0%¢3gunatL=o
10-317964°9
00+2(NZFEL "0
1o-T11599°0
LtU-"r99¢1°0
B LR B R AR N B
te-19L94L°0
0047€2FC7 "0
fne3ececn”cn
CO+ALT9°C
03431790070
CCearLrEL"D
1043€LK1G"°0
0Js3L7002°0
Lo=-29n50r°¢
0°¢
10=TMLATS"
0°0
£0-20ht0r "0
(C-165761°0
6)-377221 "0~
63-302721°0~
Sh= -2%L"P
09-3I670LL"0
L

A L1

13+3¢6H03°C
12476155L°C
L0+70070F"0
10+7LLF78"0
tosaLnoneL o
1deafnsLL"n
1947006 L"0
LQennuLLL N
tnentL 0
1o+30y 2"
(VA LL LA

o°e
1043792€C9°C
104798057 %0
10+=02R12°C
10e371.069°0
10e2970(5°2
70-309740°0
Lee7LaLLL "0
10+265008°0
tpearanLL"0
1432040070
LeeseLrseL e
104399LLL°0
10-7%16an°¢
t0=2gonry °0
LDs20rNDH N
10eTLISLRL°0
10+A5NRGR 0
104179990
LoenLr AL 0
10eT0565L 0
0C+INLNELTO
tnaarnicce
12430602
1CeGRTT0°n

n°o
1ne362%29°0

0°0
12476720670
f0-20C761°C
tespn(cgn
10¢763(SE°C
LoeGF 002 C
1)+35F0A7 *0
12+3100¢€°C

Tviol

dq9IvL

tne72%r06°0
INe37€765°C
LrezZZOGE"0
1032075570
Ife30C56°C
Lne2nreng*n
pe=nnrL e
(Nl R o
LRea~Lung=n
teez v 590
10+ILFLH9°0

0°0
LOs3ENN19°0
L0420 cEn9°0
1Pe307L0Z"°0
LnezSCZ1 0N
INeIRA[FNG N
7(-3172¢c19%°0
L7780 *n
10+3@5765°0
1G+T99 96" 0
tre3srs1see
(CeIRCING"0
LN+2EL72F9°0
1P=-ZLL1%RG "0
1o=-"(nnag e
1023000670
1fe=97n1G"C
theZtnnnncg
1eegernGee
LC4IC77r0"0
L0796 0
ApeInfaLLO
Lpa=gcance
L D R )
LheARICAGTC

Lo
1045 IHIE"D

0°0
1ne7995(7°0
f0-3270¢1°0
tpe=gricz 0
Lps3prI9Z°C
1he=gCCT?°0
1pe"grerz 0

treros5ezC

IW02SKYRL

Ladin o B 2, B W R )

-
-




-142-

~-—NMITOO~D
NNANNNENTNTNNTENNNNTINT e NN NNNE NN NN NN NN~ NN

-
-

. $ 8 4 s 0 9 0 4 9 0 8 8 0 4 0 4 0 0 4 0 s 4 % 808 g
0000000000000 00O0N00000R0000000C00OTTVOD00OD0

00 O0TO000OONOO0C0D000P000CO00000ODN00P00000000n00090

0O000C00CIU000T0990900000900900O2°02000

.
.
.
.
-
-
.
.
B
-
.
.
.
.
.
.
.
.,
.
-

.
-
.
.
.

0

0

0
0

0
0
0
0
0

0
0
0

0
0
c
0
0
(
[
0
0
0
0
0
0
0
0
0
0
0
0
0
4
0
]

=]

00

0°0
(U]
o°¢e
0o
o°¢
0°0
0°0
0°0
00
0o
0°¢
0°0
0°0
0°0
0°0
2°0
0°0
0°0
0°0
00
0°0
0°0
0°0
0°0
0°9
0°0
0°0
0°o
c°0
0°0
0°0
0°0
0°0
0°0
0o-o
0°0
0°0
a0
0°0
0°0
0°0
0°0
0°n
0°0
0°0
0°o0

YR4TY-R

"o ®

(L 30

L0-3L6ZHE°Q
LO-ANGSET °0
Lo=-11eerr o
10-3959¢r€°0
10-39€05E °0

0°0

09" O2200n0009e
.
ADIVOOO0gP0D2PQ

10-39ChZL °0
10-390627 °C
10-36062C°0
L10-3€LZFE "0
10-3€LZEED

o-c

0°0
10-79960€°0
10-399%601 °0
10-38352C°0

0°0

000QO09OOOD0O"MDo00QC
.
OO ODODITVVINDO

IRD

¢ 9bed)

10+4539nF6T°0
LCeT (7 LU0
LoeCLNZ 0
L0+3£:7€2°0

00000000 DaC»

‘0
°0
‘0
=0
0
‘0
*0
iy
*0
-0
e
0
*0
“0
0
°0

L0+30HLST
10+39CHNT 0
10+302152°0
LO+R0€0GZ °C
0°0
c°o
-0
L0+300t0C"0
10+3°618T°0

0PCO00O0DOO20099290200
® o 0 0 o 0 o
090N O0P20002920200%9002

ra

‘"0 JTAVL

10+356215°0
orefrrsrL=C
LO3ILGAR97 "0
(00-306071°)
c-o
0°e

2090020230320
. e
DO20700090a3D20 2

€0-31 (S56°0C
104772 6hL % °C
T0-30%h79°0
L0+3QLERSG"

-

70-2P610
L0-30Lh7

L L I T I T .
20000 DIV902002002000220 30

DOODVDODIODIDINODIVNIOIMI=OO0D
.

KO0ISS 14

T 4n0¥ED ¥NA SKOILD?2T-5S0MWD DT20ISCYIIW

LOe3NrZEL "0
LO*In6ErIL°0
Leeq/r UL "0
0)¢37L176°0
LOeACERHE"O
Lds33lPnr 0
12436LAKSL"0
GQenqLL29°0
€e3FCZOL"0
00¢3*TILA"0
00+7GAERS "0
CI+TIFFHOE"O
(SR EINAIU R d
1003170 L 70
2043PEC0E°0
104190681 °C
13+39570LL°0
cosaL"roL=o

0°0
LOsTERNES"D
L0+3/76a1L "0
12e22105L°0
cQeaLNAZ( 0
LeegofLL °0

VOAILIENT TN
10e29%w7¢ 70
Los3cLni=e
LJe2nG701 °0
12e3uhL9L 0
tpe3nreLae
1043297070
(csIPPRON O
LULE F A 8 Rl
(S Al AR o Bl o}
[aleR S R00] 8 )
00430502770
10eE278L°0
hO-"45L5L "0
F0-37696L°0
70-267012°¢C
99-35+681 °0
9)-3655M11°0
ce=-asa0nncQ
GI-3r60NR°0
0°0

uRYon-N

IE——————

7C43000PL "0
[T VA AL Sl
704IRCEGL°C
7)+3F209L°0
TONTLNTHLC
70ez0RACL "0
Z047y95€L°0
7047020710
704779971 °0
c043INN9LT0
Lo+1Z50%9°C
ANeIFCROE"0
1247177 (9°0
L)+7N4KF93°0
FOTE LETAE AT
10+I00u500 0
1243%4045L°C
ro+310P°L "0
104375L5€°0
70477106L°0
7¢ez0rRaL o
TOIATSLTLO
RUERIN L LA
02790651 °0
C0+32060L°0
f0aTRACHZC
704750971 °0
TOeIFLOOTCO
7047ThANIL 0
7043697°C2°0
7043045010
7052 "0
fos300M0R°0
FCOTLLSEN"C
TITHIGTZ D
13+7019¢0"C
R BT & ddd]
194LE°16°0
£0-365L51°0
10e 04102 °0
70-152¢617°C
10e30245€°0
13230766070
teemtLeronco
1242177950
C04IHASTL"C

Tviol

PY WP

704791 IL°0
7ye795051L°0
0NN
704720551 °0
70470700170
7RaILSLNL O
70s780FCL "0
7neTnarrLco
Z0eTTLETLO
70420811270
LheiORAN9°0
00e3L700E"N
(TR TR M
LNl Hoh "0
70470070
trefoer/nco
themcLEnetn
ree=esnceL o
L10479940€°0
b4 Ul o AU By}
DURACH B Bl Bl
ZRATLE7TL N
TCATE065L°0
JOeTLLLNL N
QfeIRE 00
ChaTL9srzn
7neTLNTILTC
Tee21071°0
2047280 N
7reTLLELL G
70+769°(1°0
cnaTZINZ 0
foa=0eL L0
FLe3T7H°0
TheTuht 20
tNeC370°C
OCe36LEL7 0
10+3%1°76°0
LIl ksl B
(L T )

T HITEI S0
L(sm6TaEn 0
10e7026r "N
reeTQR 7030

—-NMmTaneor~ron

-
-

e e e




(L 30 ¢ @bed) :p°D FTIEAVL 3

3 9" € 0°0 0°0 0°0 S0-38719%9°0 10+3AGTE6Z°0 <TO#RFTTTI'0 70+70FOLL" FI4TGLZLL "0 (N3 (OTIL"0 9%
t1] £ 0°0 0°c 0°0 L04355LGT°C L0+AFREARZC OC4TLPLLLC 2047IHONGZ°C  204TF%ICG°0  7C43TBST75°0  Sh

(1} € 0°0 c°0 €°0 SC-TLTSH9°0 0+3FFNT0 TCAIDNRKE "0 Z0+TM(IZ "0 ZO4AGLACL"C 704766717 ( 0 *#

(4] € co 00 0°0 SO=-TaAh(9°C LO043SILLZ"0 LO-TLEHTT"0 7007(HhGG7°0 704706737°0 704779909°0 €%

t4) € 0°0 c°n 0°0 S0-35L6€87°C 0°0 0°0 T0e3G7PLO°C 704T700EL°C TCeINKCL"0 T4

(3] € 0°0 0°0 0°o0 0°9 0°0 0°0 fOIrALC5°0 (I436a515°0 FOWIKECIG 0 (L *

on € 0°o c°o0 0°0 0°0 0°0 0°0 ZOSTLRLNG ¢  FO4™INEOL°0 FCoZCSF(LT0 ON

6€ 4 0°0 (] 0°¢ 0°C 0°0 0°0 fO4AZ10GF°0 (O4IGAZIN"0 EO+TrSELR"C 6

3 ec € 0°0 0°0 [ ] 0°0 0°0 DN 208A7HSONTL Z0eXILEERNC  7NeTERSCTO°D  RE
Le C 0°0 o°0 0°0 o°0C (U] 00 700UMEN"C TO4TINGTEC " 7TCeZY76°C LS

9¢ € 0°0 [ ] o°e 0-¢ 00 0°0  70¢30LOCL"D  TIeTNNTT TO5C177 "0 9C

S 1 0°0 (] 0°0 00 o°¢c NP IPSTAGALAT0 108766000 neT0N (970 Gf

hE € (] 0°0 cso (U] (O] 0°0 CNeFILIZL"0 FOTLAIAH*0 (DeRG.I60"0 8

(41 € 0°0 0°0 0°0 0°0 o°e 0°C CO¢314D77°0 (I4ICTLNZN FDe=CINT0  (F

4 4 t 0°0 2°0 0°0 0°0 n°o 0°0 (04957 7G°C FQeTOGITS 0 FCeTGRETS"0  ZC

e € 0°0 0°0 0°0 00 0°0 0°0 1D4LL10G°N 7/ TLL 0 7re55711°0 il

ot € 0°0 0°0 0°0 0°0 00 0°0 TILIFFNLZ°0 7I4I6IFANT0 Z0eAZLLC~"C o©OF

62 i 0°o e°o 0°0 0°0 0°0 0°C 2009NTEF "0 TCLIFNTAFC  2(e327%0("" T

(14 t 0°0 c0 0°0 0°0 0°0 (] 0°0 1)e792040°C L0eTHTI5LF"N 7

Lz 4 0°0 0°0 (] 0°0 0°0 A0 ZOWTAEOACLTO TOOTLATHHCO  TRATIGTIOC (T

! oz 1 0°0 o-e 0°0C 0°C 106TCZEAT0 ZCOTAKOLE"C  2C+705707°C 70001 Lr9°0 Tas"(Pv10°C 97
™ sz € 0°0 0°0 0°0 c°0 0°c 0°0 £I+TFLLOL 0 FOIRPLIL 0 FCTOYLIL "0 &7
- 7 € 0°0 0°0 0°0 0°0 10036206Z°0 ZOSTRGERI0 7004769610 Z04I50596°0 70e7G%(56°0 T
~ (%4 € 0°0 0°0 -0 0°0 0°0 0°0 TO430NIVLC 70ISCINZC TNOLIFE?*D (2
! 144 ! 0°0 0°0 0°0 0°n 0°0 0°C 707565110 7NeTGSMIL 0 2043n%nL°C 27T
(%4 1 0°0 0°0 c°0 0°0 0o°¢c 0°0C LCOTSACL L LOINGANL°0 11 e3G7(rL°0 7

(14 € 0°0 0°0 0°0 0°0 0°c C°C 77 24L4N"0 704707CLO°C 70+799719°C 07

61 € 0°0 0°0 0°0 c°0 (] 0°0 FOIF(AOL*0 (Oe39(507°0 fCaT(56N7°0 6L

L1} € 0°0 0o (2] 0°0 0°0 D°0 TOOANLTENCC  7IATHOCRLCC  TASTTEII LN BL

(A} € 0°0 0°0 c°o 2°0 o0 9°0  FINLUIFZT)  FIeITFUFTC SGucr0 (Ll

n" € 0°0 0°0 c°0 c°0 0°C C°C EOeTTOLI70 44763402 LI Al 1

St € 0°o0 0°0 o e o°o 0°0 0°0 FN¢7GAHHL0 ENeILELTTC FCeTLELTTZD SI

* ] 0°o 0°0 0°0 0°0 (B J 0°0 NCHIRLZELT0 POITALTILTC  hnelufgr0 el

€t t 0°0 0°0 ¢°0 0°0 (] 0°0 NIeITARENCTC  HOATTERRR SO H04700064°0 £

t43 £ 0°0 0°0 0°0 0°0 o°e 0°0  (3e306HUNGF 0 FIeTRLNAND  (Pe20P59%°C 2

L € 0°0 0°o 0°o 0°0 0°0 0°0 142006 C TCoIMLICLC  7re369671°0 11

oL |} 0°0 c°o 0°9 0°¢0 o°o Q0 12037329%°0 1777 ZuncC 10e3957i%°0 0L

L) € 0o 0°0 o°c 0°0 0°n C°C TNe79UG°C  204°CLKR7L°0 TCeZ6067L°0 §

8 ) 0°¢ 0°0 c°o 0°9 0°c 2°C TCTNEARIFC0 TDATLEARAFCQ TJNeZACKRATC0 €

L € 0°0 c°0 0°0 0°0 [/} 0°0 J0-30LhsS5°0 100 INZLZT°D Jre=C17™Z"0

9 3 0°o 0°0 (] 0o 0°0 0°0 LA=TLGRGI°C  LO=TLRRSFC LT"=-T9LfnC°C 9

S € 0°0 0°0 0°0 00 0°0 0°0 §2-3C¢ANG6°C LOCTLLLLF 0 1he?91967°0 §

" € 0°0 00 0°0 0°c o°e N0 $I-3MDGH°C IISTILILLE G 10e301NGE°0 »

€ € 0°0 e°o 0°o0 0°0 00 0°0 CC=7 ArnL°C L07TNGIN"0 (Te3[PASC €

14 € 0°o 0o 0°9 0°0 0°0 0°0 EI-3GACNL D LIeTZ28CLe"C ANeIEAL*"0 T

[} 14 0°0 (€O-X(68LIZ"0 0°0 [ ] 0°0 0°0 H0-T%A9RZ°0 O0O4TLTHZ2L°0 CCe369ccO*n

I s RZ-R THATY=-N md (1] ROTSST2 YEEY D% 1viol AT ES A T A ) ¢

€ 4nOM9 HOZ SANILOIS-S509D DIA0DSORDIN




-144-

(L 30 y @bed) :p°D FTIAVL

9" z 0°0 0°0 0°0 A0-39Z0ZL°0 10¢3LZE6T°C FO*TLHINLT0 LD4ILLLA?°0 HD4TOGZOL°C HA4TLL70L°N
Sh £ o°¢c 0°o 0°0 NCO-INSLLL°0 LO+INEIRT "0 O0*T6L6ZL°0 (CO04TLGOLOC FC42700IL°0 fC27FFE71°0
he {4 0°0 0°0 0°0 NO-3ZE9L1°0 LO4ACFLNZ"0 CO4ANTL7P N (0470 06%°0 *O03L7FF( "D HCeTuhRrrL o
(4] f 0°0 0°0 0°0 HO=F55LTL°0 L1043AGCALEZ"0 QO0-FRTCIZ 0 1CAIAESHIL C  TOeTILIADL°0 7047567010
Th L] 0°0 o°¢c 0°0 O0L-3900CL"0 0°0 C°0 704359190 °0 TO043LL OGN TOs47NLT7GC"0
th 14 0°o o0 00 0°0 o°¢ 0°0  HDeI7h479°C S0eTI7MTON  *Ne"L570°N
oh 4 00 0°0 c°o c*0 e-o C°C ICH+7IEMLA°0 Fre3LTFLN°C SCsT00TIN°C
(13 4 0°0 [} 0=0 0°0 o C°C 7043L0G9R°C 7Ne3LAGIL"0 TOTIFF0L°D
PE {4 0°0 (] 0"0 0°0 n°0 0°0 7D0I0CLYEC TCHIPGLRC0 Trel9kfnL°0
Le z o ¢ 0°0 c°0 0°0 ¢°c G°C TOITONRYZ 0 TCIARKPIZTC  7reTNC1T°C
9¢ 4 0°0 0°0 00 0°n 0°0 0°0 FO4IPARIL D (I4:i476FL°0 (DeIZCLHL0
sC L 0°0 0°0 n°0 0°0 0°0 0°0 70+7007LA°N 7043907000 THeY601GA°0
L13 z 0°0 0°0 e°0 0o ¢°o 0°0 ZO+2RAAIG 0 ZO0TIRLAIS0 7072L0175°0
4 4 0°0 0°0 0°0 9°0 [ A] 0°0 TOATELALNTC TOIELNLSC0  TONTIZLLNCN
t44 3 o°c 0°0 0°0 0o°o 0°0 0°C HCHASIEFLA°0 *NaTLFFLO°C HCeZ0T77(9°0
141 4 0°0 0°0 c°o 0°0 (2] 0°9 €00I7PLFL0 (QeIWALFL 0 foezgLrrt®o
ot Z g-c o-¢ ece 0°0 ece P=D 7243657670 70306556770 TRLATLCAOCO
hZ [} 0°o0 0°o 0o°o 0°0 C°0 0°0 7Z04TEALOT "C TOWAAALOEN  7re7(Lle7*C
82 4 0°0 0°0 00 0°0 0°0 0°0 NO-~IAEAGLC LO«™HLOEL 0 Lot LoGrR"0
(X4 T 0°0 0°0 0°0 0°0 o*e 0°0 TDVILETHTC 77430970 F°0  Z0a2C0GHE "D
92 * o°o e°e f°0 C°0 IC*TINCEAZ°0C FOTIGOFT 0 7C+T(nlfH°0 FOaquqa02°C Qe V470
14 z 0°c 00 o°c 0°0 e°n 0°0  TIILNALTCO TRLTONILCD TDeTurLARTH
L1d L 0°0 0°0 n°o 0°0 L0*A0C057°0 CC4ACORNZ 0 7(4ATONALT0  (CeAFCUNZ C fra" 77270
€ z 0°0 0°0 n-c 0°0 9°0 C°0 LIIGHALE . T0+7R0LSL°0 Z6h+7FE0L°0
zz i c°0 0°0 0°0 0°9 0°0 0°C 1047501 89°0 103 HAILNA°C (N3 I(FRr9°N
[ 34 t o°c 0°0 c°0 00 c*n 0°C (CITCLARS (. FLaINLCARC rrakZ2( 7600
0z 12 c-o c°0 0°o0 0°0 0°0 0°h 730314286870 FYOTCLLOL T FATL60ML N
61 € 0°o0 0°0 e-n e°0 e NN 704 LRINLTD TOOINLILZ0  7CeTRLIETC
(.1 4 0°0’ 0°0 0°0 0°0 0°0 0°0 IDeSILAIZ 0 74793710 70e7ULAHFTL"D
L € 0°0 0°0 0°0 c°o 2%¢0 C°0 FC+TMNL°0 FIeT AN C fOeTLES(L®N
ol e 00 [ ] ¢°0 0°0 0°0 0°C HCeTAFTLRF L HOIAOUNF 0 SNe3&LPR °0
St € 0°0 0°0 0°0 0°0 0°0 0°0 GIVIZANC L GOATIGUF 0 SO LLt (7 °0
L1} 1 0°0 0°0 oo 0°0 (] 0°C fNe7(IELA"0 (R30I LO°C CCs=RE7 "0
143 1 0o°o 0o°e 0°0 0°0 c°n C°C GDIOTLIL 0 “0e=N?L?21°0 Cre7gCL2L°C
Zi 4 0°0 0°0 0°0 0°0 e°e C°n  fDe3rIGOLCC GeTHAGILCD FRIRLSALCC
Lt z 0°¢ 0°0 0o°o 0o 0°0 0°C LCA7TH02F°C LOSITSOLETC LT eT7an™ecf
ot [} 00 0°0 0°0 0°0 0°0 0°0 7OAICHIOI°C TIZHULO0T°0  ZreZoCn9c0
6 14 0°0 0°0 0°0 00 cee 0°C ZCeGLLELC T04TGLLEL0 2CeEizleri®0
e 3 0°0 0°0 0°C co [ 0°0 LCoPOZLC  LOMTIOO2L°0C LDeTULP1170
L [4 0°0 0°0 0°0 5°0 e°e 0°0 12-34LHLL"D 1242658110

9 3 0°0 0°0 0°0 0°0 00 0°0 PO (PALR 0 00eTLPONKC (CeTa7Prn"0
S L] 0°0 c°o 0°0 0°0 0o 0°C ®™0-I7I71N°0 LOeINARC°0 LOeZLErIn"0
" L] 0“0 0°0 0°0 0°0 0°0 0°0 M-ITAZIH°0 L0 EIGAE""  1CdCGE7R D
€ » 0°0, 0°0 0°0 0°0 0°0 C°0 20-1 6LL°0 10439G900°C (045U TSC
& L} 0°0 0°0 0°0 0°0 oo 0°0 79-3GSALL"D  LDe3UGUNC 106926 °0
t t4 0°0 0°0 00 0°0 0°0 0°0 Z0-TH71LE°C ONDeTZPSSL°0  OC+3HIOrR"Q
”"n 08 a-n RZ-1 YHA1Y-1 IHD ne nNO1CS14 YRURYD-N Tv102 Jeedsxvsl

h  dNOND ¥0d SHOTLIAC-SSON) IIL0ISOUIIW




o o

(L 30 g ®bed) :p-D FTAVL

IP+ICRGAT "0 96 !
I0ZRILL"°0 G*
1CeT0RCLA°C 0t
Lre3783(2°n ¢g»
(Ra"ORETI N 7w
(Saled 8 of Sl R 8
[ Sal il L B Rl B ] 3
(DR R AL TR ARSI 4
e rn*n  af
(LT AT TA R B 1
1ds7r10r2°0 o

f°0 ot
10+70L712°0 v
1ea3re605°606 (€

o"e ¢
jreimErn®s A€
LPe370455°C  af

i " 4
1o 069 °C A2
S bt Lol I 4
1Cer72°C 97
L0 0ERG2°0 €2

00+20GLLT "0 TC+3ZESLL 0 9N
CO*3GZLAL®0 ZCeTERONL"C G»
0243949NL "0 Z0+Z6(NIL°0 hY
CO+TCS5NCZ°0 T0436E0GL°C €r
004ZZLITH"O ZNeZANCOL 0 20
0047IFHEZ 0 (CeTCEIRI°0 1Y
CO*TOHOLZ 0 1Ce7RGE5°C C4
C0*ANNIGL D TOOTLLILL C &7
00¢198761°0 70e70LPIL*0 of
10-3660GR"0 Z0e70NLO7°0 (€
L0-2Z0GHN"0 10439K%9G°0 9¢C

c°0 0°0 <f
004372621 °0 10+71H20G°0 ¢
00¢ThPRGL "0 104796°RG°0 (€

0o o0 0°0 z¢
00+7ZTFCL "0 LO42GLUNL*0 If
10-307A78°0 164306590 Of

0o°o 0°0 &2
00+390L1L°0 1C+31205€°0 A7
C0*79tnEN 0 T0AZHLOL°D (7
004161091 °0 Z0**1ZROL 0 97
0047070LL°0 7043G721L°0 Q7

.

'

.

.

.

.

0 .
2920202

.
3
.
.

L
’ e
. .
..
" .
2<

-

.
.
.
.
.

13

.
.
.
.

" S - 0 00796161 °0 ZT04T%LOCL0 o7 5 ICa700ur(n"0 o7
=k . 00430401270 ZOeILLLIL™C €= ¥ 0 LCeTOT6LLTY £7
= - = 0°0 p°0 27 : ¥ 5 ~p 22
" : - 0°n 00 7 : o’ 5 b R

.
.
.
.
3

LAsTO76%9°C  OC
1pe=0 12°0 &1
Ice"raq(1°C 8L
tpev2¢tes"c
tre2¢qLne *0 2t

CC435AL6S°0 Z0+317901°0 07
00+TEA6LL°C  70430l641°0 61
0043065720 TOe3TLRNL"0 0L
0C+3PTRNL 0 ZO+A95E7L°0 ([}
0043061 HL "0 10+2LNL6°0 9L

08030030330 008093537300033530330
S0900 90 G-S 545 002392009 5 C00IDVI0I0O0 2002399509

v Ve

oA W

¢ .9 9@ .

QPP ADDIIVIOCI2020mO0 23D

0000000200000 0C0009VNO000VO0ODIN0000
3

AR N AR B KRR N VR R B N L B T R N N R RN N N Y

DODHONOODO00NPIOVO0C0DIPDVIANIDCVIOUNINONH2OD00520200

TDI9D0BITVINIANITVIODNIOD I ; DOOII9992900993999 322393292002

DODIOTDIDNOIDIODICODINNUVARAIDIDIDODINIDNIVIONAIAODHIDD
.

DO IVOID290V0IDVUIIVVDDIDOIDIVIVOHSTNIVDI9ININOODINOD2D2I300oP00

GO39 DIDVDICDIODNODIADO0T0MADIDODNDIAIVIVINISNTIADIICOSD
.

COT000000N0CTD000DO02000VOND2090M000000T0C00000N000d
.

*0 "0 00+3EPBLL°0 2003AL69L°0 I 1ne59cG It g
0 " 0°0 0°0 »t ® X ¢ c=0 n
‘0 " 0 c"0 1t i e 4 S 1 |
0 * ZO+TFELIL0 Tt . ” RO R E R ¥ R A |
0°0 *0 0023IZLLHT "0 10+3CEGLL"0 11 & = S T T T N |
0°0 & 0°0 00 ot > 7 0 cen ot
0°0 “0 0043656hZ°0 LOOALLLGL O . * ¢ L0eTLORAZ 0 6
0°0 ‘0 0°0 0°0 w = g *0 "0 8
0°0 ‘0 00426NL2T°0 LOGALEREL"D (L " 2 0 0eTRLLOf D L 3
0°0 ‘0 0°0 0°0 9 X = °r 2t 9 5
0°0 *0 00+427SSCL°0 1GeIRALCL0 6 % * 0 L0egOfre S ;
0°0 "0 00+3ZGGEL°0 LC+3¢PLSE°0 = ® 0 PeTrnitr D b
0°0 “0 00+39FC6L°0 LO+TLECSH"0 € 5 » S TS T S L A o
0°0 “0 0C+ZOCE61°0 L0#2LR0GH°0 T * i S0 10eTELNCTD T
2°0 0 00+3ESHIL 0 COe(IN[O2°0 | 5 = 0 10eIGILET L
9--(g-9) 9--(2-9) 9--(1-9) 9--9 21 9--(g-9) 0--(7-9) n--{1-9) f--n [}
Z anowo Lt anowy

SROI LD2S-SSOFD ONIVYILIVOS

TR B8

ek P

R A RS T TN Yl A

e

R e e



.
1
]
(L 30 9 @bed) :p°D ATAVL

0°0 0°0 (0-76(601°0 ZO0+ZST60L°0 9I* . 0°0 SC-JL7H5L°0 L0-22C0°2L°0 7047C°L7L°0 9

0°0 60-3015Z7°0 10~3nIG9E"0 ZO+ASNLEH"0 &N - 0°0 90-795ELL°0 LO-~TULNGEL 0 ZNe2IFKL7°0 Gn

0°0 R0-3THLSL 0 tO0-JLOSZL°0 LO+2GPG9R°0 *+h . 9°0 G0-3G6€L77°0 U10-ITLIAT 7CHTT0LLTIL °C 9%

0°C HO-TLBLIE 0 1O0~2LLLLL 0 LOSTRETHENO (h . 0°7 GO-3LtPAL°D  1D-30860L°0 7895F°C €%

0L~20CE0N°0 HO-ALERLL0 LO0-71HZLL"0 1043 €90f0°0 7% L] C°0 PI-3CRE7°0 IN~NNAAGL "D ZCe307Z21L1 °C T

0°0 0°0 t0-77({#5L *0 00 4 . 0°0 CO-FL6L457°C I0=T4720L°0 (D47DAECL "D 1™

0°0 0°0 Z0-IG60¢F6°C 0°0 o* . 0°C CC~-7OC7ZF "0 LC~T9CZTL°C (Ce7T0LTC"0 ©ON

0°0 0°0 10-"ZHLLZ O 0°0 of . o°n ...-.:-ac.a COWIBLEIL A FRa™GLT% 0 GE

0°0 0°0 L0~7R0ENLO ¢*0 nf . 6°0 <0 (A7 N ArATaIrALty  PreErpEre er

c°0 0°0 to-anouLg o 0°0 (¢ . 0°¢ 90~ ..::.- 9 LA~TLIN00 FCeRTOLIY 0 (€

0°0 0°C t0-aciLoLce 00 9f . G0 OC=ITNULNL IN=TEUAZLI0 ZF4I00S1L N 9C

¢ 00 0°0 0°0 0°0 6 . o°¢ n°n ] a0 S

0°0 0°0 10-321997°0 0°0 nf . 0°N CO-FHGEHL O 1I-"OF171°0 (O™ RIL/F 0 &F

f 0°o 0°0 10-71%891°0 0°n «fr . o°o C=C2L0LL°0 LL~200700°0 :'4:7.....1 ff

] cec o°n 0o°o (bl T 4 1 . 0°0 0°2 (°n re0 ¢

0°¢ 0°0 10-7C9017°0 o"r ¥ . 0°N CR-TORZ7I*N  1C~FLOCRLT0 QeI 0 LF

0 0 N0 1C-ACLA7Z0 e (r . C°0 90-T7790 "0 LO~3ZLL/7°0 TCeZIlEIL 0  OF

0°0 0°0 0°0 00w . c-0n 2°0 n-o e

o°o 0°0 LO~705017°0 1CeIFLHW "0 W/’ . o°c N°C LO~479181°0 o= 0Zf9r°C 907

0-0 0°0 10-5LPmLl =0 7003170010 (7 . C°0 LO-3ZMNAND LI-565007°0  TAIaL?oL 0 (T

90~-306SH1 °C L0-31C611°0 BO-FLCSLL"C 70ACTS71°0 97 . 050 rO-TLLENE°0 AN-30Z121°0  TheZiMLL0 97

0o°¢ 0°0 LO0=Fn7HCL°C 100G91CH°0 67 L] 6°0 S0-3SE=97°0 10-"®I7RAL°N JFRe~CRANT "0 CT

| 0°0 0°0 10-3LTZ9L "0 CTO*RLISTLT0 w7 . 0°N GO=3FLunh[ "N LD~Tnlbul "N THe™CCAHLL 0 &7

O 0°0 0°0 LO-AKGO9L°0 20eACTSZL°N €7 . 0°) CC-25GUNT°0 LO-TIGHLLI°0  Jie™ o1 0 b

= 0°0 0°0 0°0 00 27 . 0°n a°n o°n o0 22

~ 0°d (] c°0 o 7 . [l ] oo an i A

| 0°0 0°C tO=-T6GT7T°0 LCeIAGFAFL0 ©°° . 0°0 S3=304601°0 LO-3791LL°C 20e=nra>1 " 0OZ

0°0 60-3502£8°0 NouunnNoa.o 104760Z04°0 6L . 00 KI-TUNUFI0  1D~TNN0LHN FrenCINCe G N

0°0 N0 10~-566%11°0 10+305L(C°0 9L . D0 [0-74GN)°0 (C<T[ELIAN"C Z2(+=570¢7°C PRL

0°0 90-AGRROL "0 ZC-TCLBLE"0 LCeTLLLAR"0O (1 . 0°0 %)=IMMEIGC A LO~TITHLAT0  ZOenENLL G (LU

0°0 0°0 ZO0-Z01HIN°C 1C+ALUTLL 0 9L . 0°C CC-2T9C0L°0 (I6~IDPAL A 2raI505u1 0 91

0°0 ©80-2196G56°0 LO-ANCECT 0 FO4AFERRL°0 SI L] 0°0 nO-3nLGOF °0  LO-TLLE7A°0  Zhe7LLLL"0 <0

0°0 0°0 00 [ bl L 1§ . 0o°n neo c°e i I

0°d 0°0 0°0 c°o 1 . [l e°n ot o L O 4 3

0°0 00 L0-390211°0 c°o 21 . 0°0 GO-1RJOQL N LC-TOLELTO 9 23

2°0 0°0 10-ntOLL*D 0°0 1 . 070 CC=3570LF°0 LO~I7LOZ7°0 .ol 4 ¢

o°e ¢"c 0°¢c °0 "N » 0°n (W o°n n*ep oL

0°0 0°0 10-2G¢hLL°0 0°0 4 . 9°0 CO-IGZRUE°C I0<THTICT N TOOTCECHL D B

0°0 0°0 (] 00 ® . 0°? eso nto gt M

0°0 0°0 LO-ZECLKZ 0 10+3 o_.:._ 0 ¢t . 0°0 RO-3Z9%9A°N LO~IRTSLT D LCeZ(I%77°0

0°0 0°0 0°0 0 9 . 0°0 b it r*0 9

0L~388609°0 0°0 10-280€62°0 -o...;ﬂ.a (U . 0°C (O-J9CLLL"0 (O-=7(LFL°0 (Ce3ftra0°C S

0L-~2RA6R9 0 0°0 LO-THBELI C LC2LIGHL 0 » . 0°0 (0-3GFLLL"C WI~TTULAL°N  QfraTLIhar 0 »

60~32Z1Z9°0 C°0 00¢71GSLL°0 LC+TILUN0 € . 0°0 90-5GulG7°0 0SCaICRNTL°D Qle3gegoscn €

60~3ZZN79°0 0°0 O©CO+3LGSLL 0 LC+3%C9 N0 2 . 0°9 ©20=-3572157°0 COI0ONHZL 0 (ne=G20n"n T

0°0 0°0 LO0=2t5%9(n°0 00+3GTTEL"0 L . o°c 0°0 10~IC0CLS°0 DreTFEYY"0 |

9--(g-9) 9--(z2-9) 9--(1-0) 9--9 3 N--(g-9) n--(2 ne-(1-0) ] [}

% dnoyo € Jrovo
SKOIINAS-SSOND) OAIHILLYDS




-147-

h0+43LNLOL "0
£0+30L0L9°0
h0430NZEL "0
10+3€SNTLO0
Z0+3r919n°0
0 +3IZNRZ9°C
E0+LECLY9°D
7043410595 °0
204705 16E0
Z0+3nhBR9Z°0
f0+3RILEL O
TV+I9NZSN°0
70+42660(S°0
20:3€LNLY°0
hCeALECLI Y
£0+3ZY9LEL "D
20+355260°0
204366107 °D
r0-36HU6L°0
70436CZ02°0
(0+39iHL2Z°0
20+369LLL"0
€0+2000L7 "0
10+35NBLIE"0
10+an0LNO°0
00+30L2L% "0
2036906670
ZC+2089ML °0
10432LL5¢42°0
f0+39%0LL "0
h0e3YELNC O
G)+IZINE"C
EN*30€ELD°0
60+70Z12L°0
£0+3r95G61 °0
10412506€°0
70436720970
2043SLLEL°0
t0+300021L°0
L0-361RLL°0
00¢dLAUHN"0
"0-3292L9°0
n~329Z18°0
70-31655L1°0
70-3556L1°0
Z0-INnZILC0

® dnoay

T0+40G6866°0
T0+RL8GST°0
704390019 °0
703156852 °C
70+352019°0
E0en6L06°0
T043€61286°0
£0+3Z105€ 0
N4AZH690 %0
20+300CHR°0
TNAZ26L901L°0
1047659¢9°0
€031 L9Z)L °C
€04316922°0
€04396275°C
LoeLLL0S"0
TC=LEILT 0
20+3CL2EE°0

[
Z0+n30€L"0C
TO+2LHLIS O
coszcLieoL-e
204767008 °0
Z0+3CH301°0
Z04355HL1L°0
10+%CS00L°0
zos270LANCC
€0+ELSOL °0
Z0e~0LZ6N"O
€Ce760022°0
€0+32092°0
£047CSHNL "0
h0+36HLTEL"O
r0+IT60HR°C
€G+T0 SC°0
L043L0€ENS°0
LO0e322280°0
T0*2¢9LRG°0
20¢76169C°0
T0-L LRSS
0= 6657 °C
50-3960S6°0
50-226056°0
€0-265Ch1 "0
£0-35hATHL "0

€0-3u4Z06L 0~ HO-IZSCEL °0~

€ 400389

10+369642°0
Lo+3LnLLL=o
1043961720
0C+3IhuHI6°-0
LO+RBERNCO
10+39229F°0
10+36L66L°0
00+30L/R°0C
0c+3CCZOL"0
NEeIN7LLE°0
CC+ISAENG°0
00+3EC530°0
L0+3LLH0L "0
L0+ ZNLZ°0
ZNeINNGOE"0
1 04390¢6EL °0
LgesgelIL o
00+3LRHOL "0

0°0
LC+AZHNEN°0
L0+36LGRS 0
to+agLesteoe
LC+2nB099°0
Lo+3650€01L°0
€C+37060L°0
CO0*T69FHZ °C
10+3967L2°0
L0+3ZHO7L "0
104366729170
LOsZuNLYL"0
LoeangeELn=o
1 0+3292L0°0
£0+380H0P°0
€oeILLSER"C
LO+30LHE9°0
004399116 0
0C+2CN0IZ°0
L0+3€9Z7L°0
e -355LSL°0
£0-2Z406L°0
70-36570L2°0C
9C-356GR1°0
9C-35AGRL "0
G0-1n6DNAC
GC-a9hR0HR"0

Z énoso

NOIldyosSay

(L 30 ( ®bed) :p°D ATAVL

teeaLmLLo
104370601 °C
104390 LLL"0
C0+26E6HZ°0
CO+IZNLLY"0
00 +390491°0
0Cs3eaNLr=0
L0-3050nt°C
Lo=anzLon 0
L0~3GANZH"C
10-729¢€90 "0

0°0
10-ahhLnL=0
0C+2[275€°0
1003976L2°0C
0L +7GLOIL "D
10-39€269°0
20-A092606"0
Z0-35GH00 °0
10s21OLL"0
10+3CTLCL°0
10+361€0L°0
L0+3Zn60Z°0
00+31LNLL"D
10-3r1GN92°Q
LO=3L"96L°0
00+3%6aG(°0
00+72(7ALE"C
CC+aANZLLS O
COILNEDT "0
00+310LZ°°0
[l X RA L [oF Adu]
COPnLNCL "0
LO*ELALIS 0
00e706%92°0
L0-31 LhCe "0

0°0
10-100€€G6 "0

o0

70-291677°C~
€o-265201 70
ZG-3cTArTC
To9-antiez 0
£0-29105L °C
€0-3a91051°¢C
S0-37¢CHLL °0-

L dno9n

9% . o°n
Sh - (R J
hh . o-n
(4] . 0°0
(4] . o°0
n . [+t )
on » 0°0
6¢ . cee
e . 0°0
Le . 0°0
9 . 00
St . [ R
L1 . o°e
(44 o o°n
43 - 0°¢C
e . o°e
or . 0°0
(4 . 0°9
ne . o°r
Lz . [y}
az . 0o n
ST . [
LT4 . o°n
€2z . 0°n
(44 . 0°9
34 . o°r
0T . 0°2
Al . 0°0
n - 0°0
(A} . 0o
L1 a 0°0
St . pee
L1 * 9°n
fi o 0n°n
(43 . 0°¢
it - 0°9
oL . 09
3 L) 0°0
[1] . 0o°o
L . 0°0
92 . 0°0
S . 0°0
L} . 0°?
7 . o°o
z . 0%¢
L . o°c

h 2NOro

SNOIL235-5508D QILYINDTIVD

10-34K72601°0
LO-3M1 €97 °0
10-31CCTL°0
\e-37(L1L°0
LO=-IL %7710
10391651 °0
C0-356506°0
t0-3771L2°9
te-aeerrLco
10=3405°F "0
=370

c°o
L3-32L07°)
Lo=-16r21°0
0°n
1-3F9017°0
10-3EhE27°0
0°n

10-7051(9°0
10=31 FLFL 0
12-340501°0
LG-502:20°0
\0-7727791°0
10-345071°9

00

2
LC=2065T77 °C
CO-310 Q097 °D
LO=-T64n1 L °D
FO-T0L1LTF S0
Za-2nLpapto
10-In0Fr7 "0

00

0°e
10-37%71L *0
10=3%10rL°D

nen

1I-351%Ln
Ly Al

1p-3ecIn7 "0

(AR 1]
LO=-2901 A0 "G
1)-Inugsacp
[ A 8 )
e2e31651L "0
1Ie-stu00*°e

€ 1oy

L0-309¢0%1 "0
LO-3L46rLe
L2-26L162°0
{e-2p4581°C
10-4¢0051°0
10-747051 °0
tC=dngz21° 0
Jleuignl °o
CregaggnL e
LO-217L"€°0
10-7¢+4a71 °C

¢°o
te-3ngizL°c
10-7e57L7°0

n*o
10-=19k4t °0
LO=2710ez 0

0°0
IN-37851L°0
Ln-3aG07°0
10-3¢71LL"0
LA=591ZAL°6

[FEINTETRY
10-3RCELE"0
0°0
60

Lto=4em L n
I0=2800645°0
Lo-T¢hLan"0
17-323147°9
1o-30¢ppL-e
13=311R72°C

ocn

 Ciad

Lo-tngsg7 e r
Lo-761217°n
00
10-147067 "0
Cacg
10-1h7CLZ 0
n-o

R IR AT
I0-370L0L 0
OOeICHRTLD
CO4709%ZL "N
th-20CFLs°n

7 anoun

TYACNIR

no+206LL7 "0
CO*Z57IRL70
coeTouONL °0
0Pe3Sh k07 °C
Cra=7LFE6°C
rNeINC 7 0
(te2881 70
(R LDT PARR
(Pejunniy "0

LO-260A0% 0
Ir="TC564°N0
t°r

0047ZZSTL "0
cee3nnagl o

"0
ace=r2rCL " C
LO=-"(FO7F 0

0°n
(LAl Rab bl A B Sl o]
ops
on

ce
COeT2515L 70
(A Rl A S o

O o

¢
CCe5P10%°0
QneiranLt *n
COsPg27°C
COe kTSI "0
00+=06HLUL "N
0C*TGRPFF°0

5 ]

nen
te==71gen e
OCaS7LAST °C

o°o
nea3iges7 0

nec
CCorpir o

0-e
ceesrserL o
creatzoSEL =7
g ted T A Rl
goaTetlnlL "0
fpeTEopaL o

L aromn

an
Sh
he
(§.]

(8

-

“r

QM 9
L T

“ 2N
-~

NN PASNDISND N
AMNANNNNYNANNNT M

N TAOSTDT
- - -

-
-

M TADLI~NDPO
-

-
-




-148-

APPENDIX D

COMPUTER CODE INPUT PARAMETERS

D.1 Introduction

In this appendix are detailed the parameters used in the
PDQ-7 calculations described in Chapter 3. Specific spectrum-
dependent parameters and nuclide depletion chain paramters

were generated using the AMPX code.

D.2 Nuclide Identification

Table [D.1l] lists the 46 nuclides treated by the AMPX
code system. Reference numbers are used for identification of

nuclides in PDQ-7.

D.3 Number Densities

This section describes the reference ball design used
both in cross-section generation in the AMPX code and in

modeling the pebble bed breed/burn system for PDQ-7.
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NUCLIDE

Am243
Carbon
Csl33
Csl34
Csl35
Euls3
Euls54
Eul55
FP 1
FP 2
Helium
I135
Kr82
Kr83
Nd1l43
Nd145
Nd1l47
Np239
Oxygen
E | Pu239

x Pu240
Pu24l
Pu242

1
2
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TABLE D.1

NUCLIDE IDENTIFICATION

REFERENCE TI#°
NUMBER?

24395 20
1206 2
13355 9
13455 10
13555 11
15363 17
15463 40
15563 4]
10001 22
10002 21
402 1
13853 4
8236 29
8336 30
14360 36
14560 37
14760 3
23993 27
1608 5
23994 43
24094 45
24194 46
24294 19

impurities [W3]

in PDQ-7
5

i i

NUCLIDE REFERENCE 1I#%
NUMBER

3

Pml47
Pml48
Pml48m
Pml49
Pa233
Recvel
Rhl03
Rh1l05
Sml49
Sml50
Sml51
Sml52
Silicon
Agl09
Th232
U233
U234
U235
U236
U238
Xel3l
Xel33
Xel35

Non-saturating fission products (lumped)

14761
14861
14800
14461
23391

1200
10345
10545
14962
15062
15162
15262

1428
10947
23290
23392
23492
23592
23692
23892
13154
13354
13554

Slowly-saturating fission products (lumped)

Reciprocal-velocity correction to account for graphite
Combined mass number and atomic number for identification

Identification number for AMPX code and cross-section
| tables of Appendices [A] and [C]

4

Tt am e o
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D.3.1 Nomenclature

C/HM = Ratio of carbon number density to heavy metal

number density

€ = Fissile enrichment

N23

¥ N23 + NOZ

N, = Avogadro's number
2
cm‘-atoms

= 0.6022 pmeTe
lMx = Atomic mass of indicated nuclide, [gm/mole]
lox = Density of indicated nuclide, [gm/cm?’]

P.F. = Packing factor of balls

_ Volume of balls = 0.6l
Volume of reactor §
3
VB = Volume of single ball, [cm ]
Vé = Effective volume of ball (cell-averaged), [cm?]
1vx = Volume of indicated nuclide in ball, ([cm?]
lVé = Effective volume of nuclide in ball (cell-
averaged), [cm?]

ZNX = Atom density of indicated nuclide in ball,
[(b”'em™ ]

ZNQ = Effective atom density of indicated nuclide
in ball [b l!cm~!]

Rb = Radius of ball, [cm]

lSubscript T, C or U indicates Th?'%?0,, graphite or U%*?%0,,
respectively.

2Subscript T, C, U or O indicates Th232, graphite, U233 or
oxygen, respectively.




»15]= 1

D.3.2 Material Properties

Calculation of initial number densities, as a function of
U233 enrichment, involved considerations of the volume fractions
of the particular materials within a fuel cell. Fuel cells
were defined as the volume of one fuel ball divided by the
packing factor, P.F. Properties of the major substances in
the fuel balls are shown in Table [D.2)]

The makeup of the fuel balls is illustrated in Figure [D.1],

appropriately dimensioned. Packing fractions of fueled grains
in the meat are listed in Table [D.3]. Number densities for
all materials present at beginning-of-life are given, and

all others appearing in the depletion chains are initially

zero.




TABLE D.2

BALL MATERIAL PROPERTIES [W3]

Material Py Mx
(gm/cm?) (gm/mole)
Heavy metal oxides 9.5 264
Graphite:
grain coating 1.5 12.0
meat 1.0 12.0

outer shell L.78 12.0




3.00 cm —\

0.56 cm

FIGURE D.1l:
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BALL

OUTER SHELL

MEAT

GRAIN

KERNEL

0.03 cm

|

SECTIONAL VIEW OF FUEL BALL
(not to scale)
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TABLE D.3

PACKING FRACTIONS OF GRAINS IN MEAT [W3]

C/HM PACKING
ATOM RATIO FRACTION*
110 0.39073
250 0.168
323 0.127
450 0.091987

*Packing fraction = (Number of grains) (Volume per grain)

Volume of Meat
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D.3.3 Calculation of Number Densities

The volume of a fuel element is given by:

vy = %wn3 - 113.1 ew?, (D.1)

so the effective volume (cell-averaged) is:

3

v
vy, = = 185.4 cm". (D.2)

B
B P.F.
Number densities for thorium, oxygen, uranium, and carbon were

determined using the following relationships:

0y N
g = 2 ©.3
HM

. PR

51 (> Mc (D.4
;
b ooNa

3 No = _M?.— (D.5)

where the densities, p, are "smeared" throughout the ball.

In addition,

I > C =
{ C/HM = = (D.6)
- Np + Ny Nyy
and A A b e (D.7)
Np + Ny, N,

s To find the smeared densities for heavy metal and carbon:

Mym VKernel VGrain VMeat
Pum

= p (D.8)
| M0, Mimo, [\Verain |\Vmeat ||'Ball
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ae =io 1y . Vkernel || VGrain|(VMeat
c Grain VGrain VMeat VBall
PR s VGrain) VMeat
Meat VrMeat | \VBal1
v
Meat
+ p 1 - (D.9)
Quter Shell( VBall
Since Nx' = Nx(P.F.), the effective number densities (cell-
averaged) can be summarized as follows:
£ M v N
Bg' = ®PHmo., | ) Ksmel) (P.F.) M—A— (D.10)
"’x-nvxo2 Ball| HM
MH v N
M Kernel A
Ne' = (1 - €)p ( ) (P.F.)o— (D.11)
T HMO, (MHMO oI\ VBal1] Mim
e i | Vkernel|[ Vcrain
NC S (P.F.) Perain{! -~ v v
HM Grain| Ball
* B E vGrain VMeat
Neat VMeat VBall
v
Meat
¢ 1 = (D.12)
Outer Shell( VBallh

In addition to the above, initial number densities were

used as input for silicon; the recvel correction (reciprocal

velocity (W3]) for graphite impurity is used at a concentration

of approximately 2 ppb carbon, so that the effective number

densities (cell-averaged) become:

Néecvel - (2.05E-9)Nc' (D.13)

Nﬁelium = 8.308E-5 (D.14)

ﬂ S S “j‘"'

e
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VMeat

VBall

(D.15)

Nsilicon Vv

= (9.14E-3)(
\ Meat

(VGrain)

Representative values for NU' and NTh' are given in

- . 1
Table [D.4], while values for NéM ’ Né ¢ Né , Nrecvel'
are listed in Table [D.S5].

and N,

"
Nsilicon' helium
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INITIAL CELL-AVERAGED
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TABLE D.4

HEAVY METAL NUMBER DENSITIES*

C/HM e(%)
ATOM RATIO
110 2.0
110 4.5
110 7.0
250 2.0
250 4.5
250 7.0
325 2.0
325 4.5
325 7.0
450 2.0
450 4.5
450 1.0
* In b tem L.

U233

7.9408E-6
1.7867E-5
2.7793E-5

3.4143E-6
7.6821E-6

1.1950E-5

2.5810E-6
5.8073E-6
9.0336E-6

1.8695E~6
4.2063E-~6

6.5431E-6

Th232

3.8910E-4
3.7918E-4
3.6925E-4

1.6730E-4
1.6303E-4
1.5876E-4

1.2647E-4
1.2324E-4

1.2002E-4

9.1604E-5
8.9267E~5

8.6930E~5
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D.4 Exposure Times

This section describes the calculation of exposure times

(hours) used in PDQ-7 depletion calculations for fuel burnups
up to 120,000 MWD/MTHM. Calculated exposure times are tabu-
lated as a function of the carbon-to-heavy metal atom ratio

in Table (D.6].

D.4.1 Nomenclature

q''' = Average core power density

? = 5.0 watts/cm3

% NﬁM = Cell-averaged heavy metal atom density,
#I (b~ tem 1)

H t = Exposure time at full power, [hours]

l N, = Avogadro's number
r; = 0.6022 cmz-atoms/b-mole

| Mymy = Atomic mass of heavy metal nuclides

g = 232 gm/mole

? B = Fuel burnup, [MWD/MTHM]

| \V/ = Volume of relevant reactor portion, [cm3I

‘
b

t

i

3

i

E
Lo
;

:

3

b

r

b
A

|

K
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D.4.2 Calculation of Exposure Times

Exposure times, t(hours], were calculated to correspond

to specific values of fuel burnup, B [MWD/MTHM]. As a function
of the cell-averaged heavy metal number density, NéM [b-lcm'll,
the fuel burnup is given by:

g WL E

A
NamMum

B = (2.4E-23) MWD /MTHM

(D.16)
so that the exposure time, t [hours], can be expressed as

t [hours] = (l.8492E+3)B[MWD/MTHM]N}'iM[b-lcm-l] (D.17)

where NﬁM can be found by summing Equations (D.10) and (D.1ll).
Representative values for the exposure times are given in

Table [D.6] as a function of C/HM atom ratio.




b ]

B (MWD/MTHM)
100
1060
2000
3000
6000
10,000
15,000
20,000
25,000
30,000
45,000
60,000
75,000
90,000
100,000

120,000
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TABLE D.6

EXPOSURE TIMES*

110
7.3421E+1
7.3421E+2
1.4684E+3
2.2026E+3
4.4053E+e
7.3421E+3
1.1013E+4
1.4684E+4
1.8355E+4
2.2026E+4
3.3040E+4
4.4053E+4
5.5966E+4
6.6079E+4
7.3421E+4

8.81l06E+4

*Times in hours.

For comparison,

C/HM ATOM RATIO

250
3.1568E+1
3.1568E+2
6.3136E+2
9.4704E+2
1.8941E+4
3.1568E+3
4.7352E+3
6.3136E+3
7.8920E+3
9.4704E+3
1.4206E+4
1.8941E+4
2.3676E+4
2.8411E+4
3.1568E+4

3.7882E+4

note that 8766 hours =

325
2.3864E+1
2.3864E+2
4.7728E+2
7.1592E+2
1.4318E+3
2.3864E+3
3.5796E+3
4.7728E+3
5.9660E+3
7.1592E+3
1.0739E+4
1.4318E+4
1.7898E+4
2.1478E+4
2.3864E+4

2.8637E+4

450
1.7285E+1
1.7285E+2
3.4570E+2
5.1855E+2
1.0371E+3
1.7285E+3
2.5927E+3
3.4570E+3
4.3212E+3
5.1855E+3
7.7783E+3
1.0370E+4
1.2964E+4
1.5556E+4
1.7285E+4
2.0742E+4

1l year.

T ARSI D




~163~

D.5 Depletion Treatment

D.5.1 Depletion Chains

Depletion chains for the 46 nuclides considered are shown
in Table[D.7]. PDQ-7 solves the sequence of chains in order,
Chain 1 through Chain 19, for each pass through the depletion
mesh. In Table [D.7] Chains 1 through 14 are depleting.
Underscoring indicates the existence of a fission yield, given
in Table [D.9], for the indicated nuclide. Reactions are in-
dicated as follows:

(L) = (8")
€2} s (n,7)
(3) = An,v) plus (8}

D.5.2 Nuclide Decay Constants

In Table [D.8] are tabulated all nuclide decay constants

used in the subject PDQ-7 calculations.

D.5.3 Fission Product Yields

Table [D.9] lists the yields of each fission product

treated for six fertile and fissile nuclides.

D.5.4 Energy Release per Fission

The energy release per fission for all heavy metals treated

by the AMPX code are given in Table [D.1l0].

D.5.5 Chi (Neutron Yield) Spectra

As a function of the carbon-to-heavy metal atom ratio,
the groupwise distributions for fission neutrons, X, are given

in Table [D.1ll].

7 |

@ 3;,.
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TABLE D.7 (page 1 of 4)

DEPLETION CHAINS

CHAIN 1l: U233 Chain

Th232

‘3)\~pa233

ke T (2) (2)
U233 —>» U234 —> U235 —>» U236

CHAIN 2: Xel35 Chain

I135

(L

Xel35

&y |

: Csl35

CHAIN 3: 8Sml49 Chain 1

Nd147
- B & (2)
| Pm147 —> Pml48m—s= Pm149
| i (2) (2)
} () ™sm149 — 5 sm150 —> sm151
b | (2)
| —>5Sm152

Eul53 ——= Eul54 —— Euls55s

. ———————————

————— g
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TABLE D.7 (page 2 of 4)

CHAIN 4: Sml49 Chain 2

Nd147
S PY (2)
Pml47 ——> Pm148 ——> Pm149
I (2) (2)
e PO O AN L AR PN
(2)
—>»>Sml52

Eul53 ——>Eul54 ——> Euls5

CHAIN 5: Kr83 Chain

(2)
Kr82 ——>Kr83

CHAIN 6: Rh1l03 Chain

Rh103

1 (1)l

| CHAIN 7: Rh1l05 Chain

Rh105

1 (1)1
E

CHAIN 8: Agl09 Chain

Agl09

|

: ‘ ml
| 5]
| = ]

e
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TABLE D.7 (page 3 of 4)
CHAIN 9: Xel3l Chain

Xel3l

(1) l

CHAIN 10: Fission Product Chain (lumped)
FPl —> FP2
CHAIN 11l: Ndl43 Chain

Nd1l43

(1)l

CHAIN 12: Xel33 Chain

(1)1 (2)
Csl33 —=Csl34

CHAIN 13: Nd145 Chain

Nd1l45

(1) l

CHAIN 14: Pu239 Chain

U238

(5T\\‘Np239

(1) l (2) (2)

(2)

Pu239 —» Pu240 —— Pu241——— Pu242

(3)\Am243
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TABLE D.7 (page 4 of 4)
CHAIN 15: Helium Chain (non-depleting)
Helium
CHAIN 16: Carbon Chain (non-depleting)
Carbon
CHAIN 17: Oxygen Chain (non-depletincg
Oxygen

CHAIN 18: Recvel Chain (non-depleting)

oA Recvel

2 CHAIN 19: Silicon Chain (non-depleting)

Silicon




CHAIN

NN R

-
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TABLE D.8 (page 1 of 2)

NUCLIDE DECAY CONSTANTS

1

I# REFERENCE NUCLIDE *),[sec ]
NUMBER '
23 23290 Th232 1.58E-18
42 23391 Pa233 2.93E-7
24 23392 U233 1.358E-13
25 23492 U234 8.856E-14
25 23592 U235 3.08E-17
18 23692 U236 9.189E-16
13553 1135 2.87E-5
13554 Xel3s 2.09E-5
11 13555 Csl35 1.098E-14
3 14760 Nd147 7.32E-7
12 14761 Pml47 8.29E-9
13 14800 Pml48m 1.98E-7
14 14861 Pm148 1.49E-6
28 14961 Pm139 3.63E-6
15 14962 Sm149 5.491E-23
38 15062 Sm150 Stable
16 15162 Sml51 2.75E-10
39 15262 Sml52 Stable
17 15363 Euls53 Stable
40 15463 Euls4 1.37E-9
41 15563 Eul55 1.16E-8
29 8236 Kr82 Stable
30 8336 Krs83 Stable
31 10345 Rh103 Stable
32 10545 Rh105 5.36E-5

33 10947 Aglo09 Stable
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TABLE D.8 (page 2 of 2)

9 34 13154 Xel3l Stable
10 22 10001 FP1l Stable
10 21 10002 FP2 Stable
b 4 36 14360 Nd1l43 Stable
12 35 13354 Xel33 1.52E-6
12 9 13355 Csl33 Stable
12 10 13455 Csl34 9.55E-9
13 37 14560 Nd1l45 Stable
14 43 23892 U238 4.87E-18
14 27 23993 Np239 3.41E-6
14 44 23994 Pu249 9.016E-13
| 14 45 24094 Pu240 3.249E-12
14 46 24194 Pu241l 1.68E-9
| 14 19 24294 Pu242 5.795E-14
| 14 20 24395 Am243 2.871E-12
' 15 il 402 Helium Stable
b | 16 2 1206 Carbon  Stable
: ! 17 5 1608 oxygen Stable
: l 18 6 1200 Recvel Stable
, ! 19 7 1428 Silicon Stable
2 * For stable nuclides, X = 0.1E-20 sec”! was used.
I
b |
l!




FISSION
PRODUCT

I135
Xel35
Pml49
Nd1l43
FP1l
FP2
Kr82
Kr83
Rh103
Rh105
Aglo9
Xelll
Xel33
Nd145
Eul53
Eul55
Nd147
Sml51
Sml52

I#

28
36
22
21
29
30
31
32
33
34
35
37
17
41

16
39

Th232

0.0539
0.0021
0.00945
0.08
0.301
Lo L3
0.01
0.0199
0.0016
0.0005
0.00055
0.017
0.037
0.066
0.00038
0.00009
0.038
0.002
0.00085
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TABLE D.9

FISSION PRODUCT YIELDS

U233

0.0562
0.0022
0.0077
0.0591
0.309

1.119

0.0069
0.0114
0.616

0.005

0.0004
0.0341
0.0588
0.0338
0.0015
0.0003
0.0193
0.0035

0.0022°

FISSION SOURCE

U235

0.0617
0.0024
0.0113
0.0603
0.298
1.26
0.0028
0.00544
0.03
0.009
0.0003
0.0293
0.659
0.0398
0.00169
0.00033
0.0236
0.0044
0.00281

G
N

U238

0.0578
0.0022
0.021
0.48
0.273
1.426
0.0005
0.0009
0.062
0.037
0.003
0.023
0.052
0.039
0.0038
0.0013
0.028
0.009
0.006

- S ——

Pu239

0.0693
0.0027
0.013
0.046
0.324
1.456
0.0017
0.0029
0.056
0.055
0.0155
0.038
0.069
0.031
0.0034
0.0016
0.0205
0.008
0.006

Pu241l

0.0626
0.0024
0.012
0.056
0.324
1.456
0.0007
0.001
0.062
0.058
0.031
0.034
0.06
0.036
0.002
0.00i
0.022
0.005
0.003
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TABLE D.10

ENERGY RELEASE PER FISSION

FISSIONABLE
NUCLIDE

Th232
Pa233
U233
U234
U235
U236
U238
Np239
Pu239
Pu240
Pu24l
Pu242

Am243

K

[watt-sec/fission]

3.18 x 104

3.19
3.19
313
3.21

3.26

3.31

X

10'11
lo'll
10‘11
lo‘ll
10’12
10'11
10-11
lo-l 1
lo‘ll
30 !
gt
lo’l!
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TABLE D.1ll1

CHI (NEUTRON YIELD) SPECTRA

110
9.66727E-1
3.32743E-2
4.90742E—9.
4.98079E-14

C/HM ATOM RATIO
250 325
9.66727E-1 9.66727E-1
3.32745E-2 3.32746E-2

5.67340E-9 5.91979E-9

5.75821E-14 6.00830E-14

450
9.66727E-1
3.32743E-2
5.17704E-9
5.25449E-14
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D.5.6 Neutron Flux

Table [D.12] tabulates the groupwise relative neutron
flux generated for each carbon-to-heavy metal atom ratio by
the AMPX code. Group parameters are given in Table (D.13].
These flux values were used to collapse the four-group con-~
stants given in Appendix C to one-group, for use in the

analysis of Chapter 2.
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TABLE D.1l2

GROUPWISE RELATIVE NEUTRON FLUX¥*

C/HM ATOM RATIO

FLUX 110 250 325 450
¢ 1.000 1.000 1.000 1.000
¢, 1.534 1.533 1.533 1.534
¢3 1.025 1.194¢ 1.236 1.282
¢4 0.920 2.305 2.939 3.874

* Normalized by using ¢g/¢l for each C/HM

atom ratio.
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TABLE D.13

ENERGY GROUPS

Group 1 Group 2

Upper Energy (eV) 1.4918E+7 1.8316E+5
Lower Energy (eV) 1.8316E+5 5.8295E+2

Lethargy width, Au 4.400 5.750

Group 3

5.8295E+2
1.8554E+0
S 750

Group 4

1.8554E+0
5.00E-3

5.916
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