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EXECUTIVE SUMMARY

Task 12A of the Federal Aviation Administration (FAA) Aircraft In-Flight Icing Plan states that
the “FAA, along with industry and research organizations, shall form a working group to explore
categories of ice accretions that represent potential safety problems on aircraft” with the goal of
developing guidance material on the determination of critical ice accretion shapes and roughness
in aircraft certification. Accordingly, the 12A Working Group was formed under the joint
leadership of the FAA and National Aeronautics and Space Administration (NASA) in
November 1997. The working group adopted the following charter: “Develop guidance
material, working methods, and recommendations for establishing the criticality of ice accretion
characteristics on aircraft aerodynamic performance and handling qualities.” However, the
working group determined that sufficient information and methods were not yet available to
provide guidance material concerning the determination of critical ice shapes in certification.
Steps were taken toward the development of such information and methods, and steps deemed
necessary for further progress were described. This report describes the activities and findings of
the 12A Working Group and its recommended actions for progress to meet the goals stated in the
FAA Aircraft In-Flight Icing Plan and the charter of the working group.

The working group reviewed existing guidance material pertaining to the determination of
critical ice shapes. This guidance material was determined to be very general and not to provide
a working definition of “critical ice shape” or a description of engineering practices to be
followed in the determination of such shapes.

The working group prepared and distributed a survey to manufacturers to gather information as
to current practices followed by manufacturers in the determination of critical ice shapes in
certification. The responses showed these practices to be extremely varied, relying heavily on
engineering judgment. The simulations tools used are predominantly two-dimensional (2D).

The working group surveyed publicly available data on aerodynamic effects of ice accretions.
Only glaze ice was evaluated in detail. Information concerning other types of ice accretions may
be found in the bibliography in appendix E. This report includes in its appendices a database
constructed as part of this effort. (The database is also available from the FAA William J.
Hughes Technical Center on electronic media.) This database can be useful to both industry and
FAA Aircraft Certification Offices, providing a kind of reality check in the evaluation of
candidate critical ice shapes. However, it was found that nearly all publicly available data is
two-dimensional with aerodynamic measurements mainly at low Reynolds numbers. Based on
this finding, the working group recommended that the research community acquire more three-
dimensional data and also obtain additional measurements at Reynolds numbers more
representative of actual flight conditions.

A more formal definition of critical ice shape was formulated and discussed that could be
employed in the development of improved guidance material. The discussion emphasized use of
measurable quantities related to aircraft performance and handling qualities.

The working group described two approaches that it believed could result in improved practices
and guidance material. These approaches should be viewed as complementary, not mutually



exclusive. One has the potential to provide benefits in the relatively short run, while the other
would have to await major progress in development and validation of computational methods.

The first approach, which will be termed the “airfoil sensitivity approach,” places greater
emphasis on the airfoil and its sensitivity to contamination represented by various geometries
(representative of ice accretions) at a range of locations of the airfoil. Less emphasis is placed on
the attempted prediction of particular ice shapes presumed to actually accrete at atmospheric
conditions believed to be critical. It is suggested that such an approach could shift attention to
earlier stages in the design phase and could potentially provide both safety and economic
benefits. Emphasis on this approach is partly based on the assumption that the capability of
available tools to determine ice shapes with sufficient accuracy in conditions most likely to be
critical (“high” static temperatures, large liquid water content (LWC), large droplets) has still not
been fully evaluated (although it is a very active area of research at this time). It is also a matter
of not knowing the icing condition that will produce the most critical ice accretion even if the
tools were available. In order that this approach be effective, more experimental data are needed
on the effects of ice shape geometries and locations on the various types of airfoils in current use.
Without such experimental data to guide the applicant in selection of types and locations of ice to
assess for the many configurations to be accounted for, the process would be difficult to implement
in a way that provides benefits in terms of both efficiency and safety.

The second approach, which will be termed the “comprehensive aerodynamic approach,”
involves the development of powerful computational tools and is quite fully outlined in this
report. The computational tools would have to be validated using an experimental database
much expanded over that currently available as a prerequisite for acceptance of such tools in
certification.

As noted, both the airfoil sensitivity approach and the comprehensive aerodynamic approach
require substantially more experimental data to be used with confidence. Experimental data are
needed for both 2D and three-dimensional (3D) configurations, straight and swept wing, various
flight configurations (cruise, hold, landing), and higher Reynolds numbers.

The consensus of the 12A Working Group was that research was most needed now in the
characterization of ice roughness for different types of ice (“sandpaper,” residual/intercycle ice,
glaze, etc.); the investigation of the aerodynamic effects resulting from parametric variation of
characteristic ice accretion features (such as upper horn height and location), and the
investigation of aerodynamic effects resulting from variation of airfoil characteristics.

The working group reached a consensus that these items require experimental work, although it
is hoped that computational tools, because of their versatility and relative affordability, will also
be developed and utilized as fully as possible. These tools could be computational fluid
dynamics (CFD) tools, but could also use simpler methods allowing the estimation of 3D wing
results working from experimental 2D section data. Data of a high quality, from wind tunnels
capable of achieving high Reynolds numbers, is needed to adequately assess questions
concerning the influence of ice shape features on the aerodynamic effects of ice shapes.
Fundamental work is needed in the measurement and quantification of ice roughness.

Vi



The consensus of the working group was that the next most important area of research was
scaling, including aerodynamic scaling (How should an ice shape accreted on a model of one
size be scaled so that it will give the same aerodynamic effects on a model of another size?) and
ice shape scaling (How can tunnel parameters be adjusted so that different combinations of
parameters give comparable ice shapes?).

The working group anticipates that its findings and recommendations will be useful to research
organizations in formulating investment strategies for icing research.
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1. INTRODUCTION.

Task 12A of the Federal Aviation Administration (FAA) Aircraft In-Flight Icing Plan [1] (see
appendix A) states that the “FAA, along with industry and research organizations, shall form a
working group to explore categories of ice accretions that represent potential safety problems on
aircraft” with the goal of developing guidance material on ice accretion shapes and roughness
and resultant effects on performance/stability and control. The working group was to address
several categories of ice accretion, including (but not limited to) glaze ice, rime ice, “large-
droplet ice,” “beak ice,” “sandpaper” ice, residual ice, and intercycle ice. These categories were
to be considered during various phases of flight (such as takeoff, landing, climb, and hold) for
operational ice protection systems, failed ice protections systems, and unprotected surfaces.
Accordingly, the 12A Working Group was formed under the joint leadership of the FAA and
National Aeronautics and Space Administration (NASA) in November 1997. The working
group adopted the following charter: “Develop guidance material, working methods, and
recommendations for establishing the criticality of ice accretion characteristics on aircraft
aerodynamic performance and handling qualities.”

However, the 12A Working Group found that the data and methods required for developing the
general guidance material require further research. Although it was unable to accomplish its
main goal, the working group accomplished necessary “subtasks” toward that goal and sketched
approaches and research necessary to the eventual development of general guidance material
pertaining to the determination of critical ice shapes for aircraft certification.

The discussions within the working group helped to clarify the difficulties in developing
guidance material.  Manufacturers and certification officials shared information which
underlined the fact that the determination of critical ice shape for an aircraft type is very specific
to the aerodynamic performance (as well as the systems design) for that aircraft type. Thus it
should not be anticipated that guidance material can formulate a universal approach to the
problem of critical ice shape determination for all aircraft types. However, guidance material
can be provided on definitions, procedures, and methods that will be common to all aircraft icing
certifications.

The working group included representatives from the following organizations who attended
meetings and participated in the preparation of this report: AARDC Tower C; Airline Pilots
Association; Beech Aircraft; BFGoodrich Aerospacel] Ice Protection Systems; Boeing; De
Havilland, Inc.; Federal Aviation Administration; Galaxy Scientific Corporation; JAA/DGAC-F;
McDonnell Douglas; NASA Glenn Research Center; Ohio Aerospace Institute; Sikorsky
Aircraft; University of Illinois at Urbana-Champaign; and Wichita State University. (See
appendix B for a list of all working group members.)

The working group met twice in 1997 and 1998, and subgroups worked between meetings to
develop material useful in defining critical ice shapes and procedures for certification. Other
than meetings, its work was accomplished through email and telephone conferences.

There was much discussion at both meetings of the definition of “critical” ice shape/ice shape
features. The following definition achieved general acceptance.



“Critical ice shapes are those with ice accretion geometries and features
representative of that which can be produced within the icing certification
envelope that result in the largest adverse effects on performance and handling
qualities over the applicable phases of flight of the aircraft.”

This definition is discussed in section 3.1, “Definition of Critical Ice Shape and Discussion of
Definition.”

2. CURRENT GUIDANCE, METHODS, AND DATA.

2.1 CURRENT ADVISORY MATERIAL.

In this section, FAA advisory material, which involves critical ice shapes, is briefly reviewed.

The word “critical” is used in FAA advisory material in various contexts. It generally indicates a
condition or set of conditions most likely to be conducive to the largest adverse effects on a
component or system. A more specific definition, or methods to be followed in determining
criticality, may not be provided. In such cases, the applicant either relies on accepted
engineering practice or proposes and justifies practices applicable for particular certification.

In the case of critical ice shapes, the advisory material does not provide a specific definition or
method, but does indicate factors that can or should be taken into consideration in the
determination of critical ice shapes. It is implicitly assumed that such definitions and methods
are available in accepted engineering practices, or else will be proposed and justified by the
applicant. The following passages from two Advisory Circulars (ACs) indicate factors that
should be accounted for in the determination of critical ice shapes.

AC 20-73, § 17e, states:

“Wind tunnel and/or dry air flight tests with ice shapes should be utilized. If an
ice shape that is most critical for both handling characteristics and performance
can be determined, then it is only necessary to flight test the most critical shape;
otherwise, various shapes should be flight tested to investigate the aircraft's
controllability, maneuverability, stability, performance, trim and stall
characteristics for all combinations of weight, c.g., flap and landing gear
configurations. Where practicable, the most critical ice shapes should be tested in
combination with all other expected ice accretions to determine the full impact on
aircraft performance.”

This passage explicitly refers to “an ice shape that is most critical for both handling and
performance,” thus identifying two factors in determining criticality. It also states that wind
tunnel and/or dry air flight tests should be utilized. It does not describe how handling and
performance are to be taken into account. However, the Flight Test Harmonization Working
Group is addressing the question of handling and performance requirements with ice shapes.



AC 23.1419-2A, § 9b, states:

“The 45-minute hold criterion should be used in developing critical ice shapes for
which the operational characteristics of the overall airplane are to be analyzed....
The critical ice shapes derived from this analysis should be compared to critical
shapes derived from other analyses (climb, cruise, and descent) to establish the
most critical artificial [simulated] ice shapes to be used during dry air flight tests.”

This passage indicates that flight regime (45-minute-hold, climb, cruise, and descent) is another
factor that should be considered in the analysis done by the applicant to determine critical ice
shapes. The effects of these critical ice shapes from various regimes are to be compared to
determine the most critical ice shape(s) for the flight testing in dry air with simulated ice shape.
It should be noted that § 9 of the AC states, “All analyses should be validated either by tests or
by previously FAA-approved methods.”

In summary, the ACs state that critical ice shapes are to be critical with respect to aircraft
performance and handling, and that the various flight regimes are all to be considered. The use
of tunnels in generating ice shapes is recognized, but an explicit definition of critical ice shape is
not given, nor are methods for determination of ice shape criticality described.

2.2 CURRENT METHODOLOGY.

At its first meeting, the working group determined that it would be helpful in completing its tasks
to have available a compendium of information on ways in which airframe manufacturers
currently determine critical ice shapes in certification. Accordingly, a subgroup was formed to
obtain such information directly from the manufacturers.

A survey was prepared by a subgroup of the 12A Working Group. The survey covered other
aspects of certification, and only the sections directly relevant to the 12A task are included in
appendix C. It was recognized that some of the responses by manufacturers might touch on
proprietary matters, and thus assurances of confidentiality were made to the respondents. The
results were compiled by the subgroup, and distributed and discussed within the working group.

A narrative (see appendix D) has been prepared based on the results of the survey. In order to
comply with the assurances of confidentiality, this narrative is necessarily quite general.
Nonetheless, it does provide an overview of methods which are currently in use.

2.3 AERODYNAMIC EFFECTS OF GLAZE ICE.

This section presents the results of a subgroup’s survey of published data regarding ice
accretions and the resultant effects on aerodynamic performance. The applicability of these data
to defining simulated ice shapes for certification was evaluated by correlating performance
effects with ice shape characteristics.

The working group planned, in accordance with the FAA Icing Plan, to consider the effects of
the following types of ice: sandpaper ice (a thin layer of ice composed of roughness elements),
residual ice (ice remaining after a deicer cycle), rime ice, glaze ice, large-droplet ice (spanwise
ridge accretions aft of the typical impingement zone for Appendix C of FAR 25 encounters),
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beak ice (single horn ice shape on the upper surface), and intercycle ice (ice accumulated
between deicer cycles). These categories of ice were to be considered during various phases of
flight, such as takeoff, landing, climb, and hold, for operational ice protection systems, failed ice
protection systems, and unprotected surfaces. However, because of the amount of data available
and the limitations on the time and resources of the working group, such a comprehensive study
was not possible for this report. Instead, a bibliography was prepared of the aerodynamic effects
of weather-related contamination and tabulations of glaze ice effects were assembled. Finally, a
preliminary attempt to correlate the drag penalties with accreted ice features (upper horn height,
angle, and position) is shown. It is hoped that the information presented here will help in
guiding the determination of critical ice shapes.

2.3.1 Comments on the Bibliography.

The bibliography appears in appendix E of this report. It includes 180 papers published to date
which present experimental measurements or analytical predictions of the aerodynamic effects of
glaze ice, rime ice, ice roughness, frost, rain, freezing rain and drizzle, ground anti/deicing fluids,
and protuberances used to simulate different kinds of contamination. These papers are cited in
this report, along with the applicable reference, in the following format: (E.1).

2.3.2 Summary of Published Studies.

It was not possible to review all the papers listed in the bibliography, but over 100 of them were
summarized with regard to the type of information provided. Appendix F summarizes the
studies reviewed and includes various types of weather-related surface contamination. Reported
are the test facility, the models tested, the kind of contamination considered, and the type of
aerodynamic data reported. The first column in appendix F gives the reference number from the
bibliography (appendix E). This appendix was prepared to give an idea of the types of studies
that have been reported in the literature to provide assistance in determining where there are
research gaps. It should also help to identify literature of a particular type for future study.

2.3.3 Tabulations of Performance Data.

In addition to the summary table discussed above, a tabulation was prepared of drag and lift
effects reported for studies relevant to glaze ice accretion at conditions within the FAA FAR 25
Appendix C envelope. Appendix G of this report presents the drag increase and lift loss due only
to protuberances, glaze ice accretion, or simulated ice (i.e., castings of ice accretions or
manufactured representations) as reported in the literature reviewed. To limit the scope of this
review further, only results from tests using unswept airfoils are included in appendix G.

Table G-1 gives data for studies using various kinds of protuberances, while table G-2 reports
studies that used accreted ice or simulated ice. In both parts of the table, each study is identified
with the reference number from the bibliography (appendix E), the figure or table number from
which performance data were obtained, and the airfoil identification along with its chord. Table
G-1 includes a description of the protuberance used. Table G-2 contains additional information
about the ice or ice simulation studied. The shape is identified based either on the authors’
description or on the figure or table in the paper where the ice was described, the icing conditions
for accreted ice are given, and a two-dimensional plot of the ice shape is shown.



The coordinates of the ice shapes on which the plots are based were obtained by methods
discussed below. Some studies reported ice shapes without sufficient definition to permit
coordinates to be determined; for example, two-dimensional coordinate data could not be
obtained when only a photograph of the ice was given or when there was no way to scale the ice
shape illustrated. Such studies were not included in table G-2. Although the emphasis is on
glaze ice, when a study included both glaze and rime ice, the rime results are also reported for
completeness.

The order of presentation of shapes and performance data is that used by the original publication
on which it is based. In the paper of Olsen, et al. [2] (E.122),” icing tests were repeated at the
same conditions as part of several test series to demonstrate effects of different parameters on ice
shape and drag. Similar results were then also repeated in the reported figure s. To maintain
consistency with that publication’s order of presentation, these shapes and results are repeated in
table G-2 as well. Note that in some cases ice shapes appear to have somewhat different
characteristics for the same icing conditions. These differences are indicative of the repeatability
of icing tests.

The description of the contamination in both tables G-1 and G-2 includes three characteristic
dimensions. The choice of which dimensions of the ice most affect the aerodynamic penalties
followed two National Advisory Committee on Aeronautics (NACA) studies from the 1950s.
Bowden [3] (E.19) concluded from a study using spoilers that drag increases approximately
linearly with the height of the spoiler and also increases with the distance of the spoiler from the
leading edge. For ice accretions, Gray [4] (E.60) identified the upper horn height and angle as
critical to the loss in aerodynamic performance. Since the upper horn size and location
determine the size and location of the upper-surface separation bubble, these dimensions directly
influence aerodynamic performance and are therefore logical choices as critical dimensions. For
this study, then, the upper horn height-to-chord ratio, h/c, dimensionless chordwise location, x/c,
and angle, 6, relative to the chord line will be reported for each ice shape. These characteristic
dimensions are shown in figure 1. (These definitions, in particular the measurement convention
for 6, are not identical to those used in some current studies, for example, recent LEWICE 2.0
validation studies. These definitions have not yet been standardized, but definitions are under
consideration by the 11A Working Group.)

Figure 1(a) illustrates a glaze shape with well-defined features. If a straight reference line is
drawn along the upper trailing edge of the most prominent feature of the main ice shape, the x-
coordinate of the intersection of the line with the airfoil surface is the characteristic location of
that ice shape. The height of the feature, h, is measured from the airfoil surface where the
trailing edge of the feature would intersect the surface. The angle, 6, is the angle between the
chord line and the upper horn trailing-edge line. The angle is positive if measured clockwise
from the chord line, as in figure 1(a), and negative if measured counterclockwise. For studies
with ice or simulated ice reported in table G-2, the characteristic dimensions were found by
plotting the digitized ice shape and using image-analysis software to record locations, lengths,
and angles of the prominent feature.

“Note: The bibliography number (listed in appendix E) is given in parentheses after the reference number, which is
given in brackets.
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(b) Ambiguity of Characteristic Dimensions for Some Shapes

FIGURE 1. CHARACTERIZATION OF ICE SHAPE DIMENSIONS (Parameters H And 8
From Gray [60])



Protuberances were assumed to simulate the upper horn of a glaze ice accretion, and the
characteristic dimensions were defined accordingly. The x/c values were taken at the center of
the protuberance at its base on the airfoil. Because some studies have used different
conventions, for example, the position of the front of the protuberance, the locations reported in
the source reference may differ somewhat from values in table G-1. For the Kim and Bragg
study [5] (E.98) the values of x/c were calculated from the published 6 and known airfoil
coordinates. Papadakis, et al. [6] (E.126) reported a spoiler angle, 8, measured from a line
normal to the chord line such that positive angles resulted if the protuberance leaned toward the
trailing edge of the airfoil and negative if it leaned forward. Thus, the values of 8shown in table
G-1 for the Papadakis data are 90° greater than the & given in reference [6] (E.126).

For some ice shapes, definition of the characteristic dimensions was not as evident as that shown
in figure 1(a). Figure 1(b) shows ice with a large central structure and only slightly smaller
features aft. For this kind of shape, it is possible to define more than one set of characteristic
dimensions. For example, one set can be based on a reference line drawn along the trailing edge
of the main ice shape, while for a second set, it extends from the main peak to the apparent
impingement limit of the ice growth. Note that 6, is positive while 6, is negative in this
example. For this study, most accretions similar to that of figure 1(b) were characterized by the
first set of dimensions. Clearly, however, the ambiguity involved could result in significant
differences in the way two observers might characterize the same ice shape. Which set of
dimensions best correlates the aerodynamic penalties would need to be established by further
study. For very short accretion times, ice shapes were too poorly defined to estimate
characteristic dimensions; for these situations, no characteristics have been reported in the table
(see, for example, table G-2.1, runs 129 and 202.)

Gray [4] (E.60) reported his own measurements of horn height, h, and horn angle, 8. To gain
some sense of the uncertainty in the characteristic dimensions in table G-2, Gray’s published
values were compared with results using the methods of the present study. Horn height was
found to agree with Gray’s values within £10% and horn angle agreed within £2.5°. The values
given in table G-2 for the Gray study for h/c and 6 are taken from reference [4] (E.60). For a few
shapes, Gray gave no value for 6. For those cases, the angle given in appendix G was measured
using present methods from Gray’s published ice shapes.

Finally, both parts of appendix G give aerodynamic data along with the Reynolds number at
which data were obtained. If the Reynolds number was not reported in the source publication, it
was calculated from the published velocity, static temperature, and airfoil chord. The only work
for which this was not possible was the Bowden study [3] (E.19), for which neither the velocity
nor the Reynolds number for the spoiler experiments was specified.

For all studies, the increase in drag is given in the table along with the angle of attack for which
it was found. ACq values are not shown in the table for angles of attack greater than 8 or 9°,
although data were sometimes published for higher angles. The last two columns give the
change in angle of attack at which the maximum lift coefficient was observed, Aacmax, and the
change in maximum lift coefficient, AC,ma, due to the ice contamination. Data were not
included from published curves if it was not evident that sufficiently high a’s had been tested to
show the maximum lift coefficient. Bowden’s [3] (E.19) curves, for example, ended with C,



continuing to increase with a. The lift curves reported by Addy, et al. [7] (E.5) also failed to
peak out, but communication with the first author indicated the test airfoils demonstrated
vibration characteristics typical of those at maximum lift; thus, the maximum lift coefficients
reported by Addy, et al. were assumed to be C;ma. When the tables of drag and lift were
published, the data for appendix G were taken from these tabulations. In some cases, data were
provided by the authors. If data were only available in graphical form, the values in appendix G
were obtained by digitizing the published data plots.

Table G-1 lists studies alphabetically and includes all relevant studies reviewed. Table G-2 is
also organized alphabetically, but requires more space for each study due to the ice shape images
included. For this reason, it is divided into several subsections. First, each study is contained in
a separate subsection; for example, table G-2.1 covers only the results of Addy, et al. [7] (E.5).
Several of Bragg’s studies [8, 9, 10, and 11] (E.24, E.25, E.28, and E.29) are grouped together in
table G-2.2 because the same ice shapes were used for all. The Flemming and Lednicer [12]
(E.56) work included extensive data on nine different airfoils; thus, table G-2.4 is further
subdivided into subsubsections (i) through (ix), each devoted to one airfoil. Gray [4] (E.60) used
only one airfoil but presented so many test conditions and ice shapes that table G-2.5 is also
subdivided according to the page of the original report on which the shape and performance data
were given. The Shin and Bond papers [13 and 14] (E.150 and E.151) presented data from the
same study in different ways. Information from both references were combined for inclusion in
the single subsection table G-2.7.

In general, data were not critically reviewed before including them in appendix G. However,
based on an inspection of the original ice tracings supplied by Flemming, the identifying run
labels for the ice shapes of runs 637 and 726 for Flemming and Lednicer are reversed in figure
30 of reference [12] (E.56). Thus, the run identifications in table G-2.4(ii) are based on the
tracings rather than the report. Also, the Papadakis, et al. [6] (E.126) study involved tests with
both a 12- and a 24-in-chord NACA 0011. While the 24-in.-chord clean-airfoil lift data reported
were consistent with NACA 4-digit airfoil results given by Abbott and von Doenhoff [15] (E.3),
the 12-in-chord data were not. Thus, pending a better understanding of the discrepancy, the
latter were not included table G-1.

2.3.4 Correlations of Drag Increase.

Vernon Gray, working for NACA and later NASA, published correlations relating the drag
increase to icing conditions [4, 16, 17, 18, 19] (E.60, E.61, E.62, E.63, E.64). These correlations
were based on data obtained in what is now the NASA Glenn Icing Research Tunnel (IRT).
Unfortunately, there appears to be little physical basis for these correlations, and the correlating
parameter was simply a collection of terms developed into a form that worked for Gray’s data.
A fundamental problem with this approach is that it cannot be applied universally to results from
all icing tunnels or to flight because different tunnels sometimes produce somewhat different ice
shapes for the same icing conditions, and tunnel ice shapes may not agree with in-flight
accretions. The methods and instruments used to calibrate the medium volume diameter (MVD)
and liquid water content (LWC) in icing tunnels have not been standardized. Furthermore, even
if instrumentation were standardized, differences in flow quality, in the uniformity of relevant
parameters across the test section, and in tunnel physical features would probably still give
variations in ice shapes from tunnel to tunnel. It has not even been possible to apply Gray’s



1958 correlation to data taken later in the IRT [2] (E.122); this is almost certainly because of
changes in the IRT calibration techniques and instruments through the years. Thorough
documentation of the IRT calibration and methods has only been maintained in the last two
decades, and calibration information from Gray’s time appears to have been lost. Note also that
Gray’s correlation incorporates static rather than total temperature, with the consequence that the
errors tend to be large at high speeds.

Subsequent work by Bragg [20] (E.21) and by Flemming and Lednicer [12] (E.56) provided drag
correlations based on ice accretion terms that appear to overcome some of the shortcomings of
the Gray correlation. However, to obtain a correlation that is universally applicable, it is best to
correlate aerodynamic performance effects with the ice features that most affect the performance.
As noted above, those features have been identified by Gray and by Bowden [3] (E.19) as upper-
horn height, angle, and position, identified in figure 1.

For this report, limited work was done to look at the effectiveness of incorporating these three
dimensions into a parameter which would correlate aerodynamic penalty data. One combination
was the product, (h/c)sin(@ + a). This expression gives the nondimensional height of the ice or
protuberance normal to an undisturbed streamline. In figure 2, the increase in drag due to the ice
is plotted against (h/c)sin(6 + a) for all of the published studies listed in tables G-1 and G-2 for
angles of attack, a, less than or equal to 3.2°. The legend on the figure indicates the source of
the data (where the number refers to bibliography entries), the airfoil used in each study, and the
type of contamination. A variety of airfoils is included with chords from 2.69 to 72 inches.
Contamination includes ice produced in icing tunnels, simulated ice (including ice castings and
fabricated representations), and various kinds of protuberances. Data for protuberances are only
included when the contamination was located at or upstream of x/c = 0.05. Locations aft of this
are not typical of glaze ice formed in appendix C conditions, which is the focus of this report.
Aerodynamic penalties appearing in this correlation were obtained from icing tunnels as well as
aerodynamic tunnels.

Although there is significant scatter in the data shown in figure 2, AC4 generally increases with
(h/c)sin(@ + a) for low angles of attack. Note that the Olsen, et al. [2] (E.122) data are
consistent with the Gray [4] (E.60) results when this correlating parameter is used, while Olsen
reported little agreement between the Olsen and Gray data when the Gray correlation was used.
The determination of the importance of dimensionless chordwise position of the downstream
edge of the ice, x/c, and its inclusion in a correlating parameter will require further study. One
possibility might be to include the airfoil thickness at x/c as an additional parameter in the h/c
term. (See x in figure 1.)

Correlations for higher angles of attack have not been considered in this preliminary study.
Furthermore, different definitions of the horn height and angle [21] might need to be considered,;
alternate definitions were not evaluated. The correlation of figure 2 suggests that it should be
possible to obtain a good estimate of the drag increase due to ice by testing with very simple
shapes attached to the upper surface of the airfoil. Studies using this approach have recently
been reported by Kim and Bragg [5] (E.98) and Papadakis, et al. [6] (E.126). Additional work to
develop meaningful correlating parameters for both drag increase and lift loss is recommended.
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0 122 Olsen, et al, NASA TM 83556, 1984 NACA 0012 accreted ice
¥ 126  Papadakis, et al, ATAA-99-0096, 1999 NACA 0011 spoilers

FIGURE 2. DRAG INCREASE DUE TO ACCRETED ICE (Simulated Ice or Protuberances.

Angle of Attach, 0 to 3°.)
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2.3.5 Methods Used to Obtain Ice-Shape Coordinates.

The ice-shape coordinates used for the plots in table G-2 were generally obtained by digitizing
ice-shape image published in the studies reviewed using image-analysis software (SigmaScan
Pro). The software was operated in an automatic line-tracing mode with x, y coordinates
recorded every 5™ pixel. To obtain full-size coordinates, the image was first calibrated to a scale
recorded with the image. The conventional origin of the coordinate system, at the leading-edge
of the clean airfoil, was used. The scale for the shapes was determined either directly from
dimensions on the published source or by inference by matching known airfoil coordinates with
the published image of the airfoil shape. The digitizing method follows only the outside line of a
shape, so some features may be lost from the original. For example, when two features, such as
adjacent feathers, share a common boundary, this boundary line may not be included in the
digitized coordinates.

When the source figure included several ice shapes drawn on the same airfoil for comparison, it
was sometimes difficult to identify the line for each shape, especially in the feather regions
behind the main airfoil. For most of these cases, original ice-shape tracings were available to
assist in defining the correct shape. Gray’s [4] (E.60) ice-shape images were published with a
1/4-in grid. However, due to the small size of the images, the magnification required for analysis
resulted in thick grid lines and poor definition of scale; consequently, coordinates reported are
probably accurate to only = 0.05 in. For many of the ice shapes published by Olsen, et al. [2]
(E.122), sources other than the published figure s were available with better definition of the
scale, so these were used to establish ice-shape coordinates.

For some studies, coordinate information was available without digitizing the published ice-
shape images. The coordinates given for the Addy, et al. [7] (E.5) ice shapes were provided by
the first author. The coordinates for the shapes used in Bragg’s studies for references 8, 9, 10,
and 11 (E.24, E.25, E.28, and E.29) were published in reference 9 (E.25) and reproduced here.
The coordinates for the Shin and Bond studies [13 and 14] (E.150 and E.151) were supplied from
the NASA Glenn Icing Branch archives.

Nondimensional clean airfoil coordinates for the NACA airfoils were generally obtained from
tables and methods described in Abbott and von Doenhoff [15] (E.3). However, for the Gray
study [4] (E.60) the NACA 65A004 coordinates were taken from Brun, et al. [22]. Other airfoil
coordinates were supplied by the authors of the various studies.

All parts of Appendices F and G were prepared in Excel 97 format and are available from the
FAA. In addition, the ice-shape and clean-airfoil coordinates used for the plots in table G-2 are
given in tables on a CD distributed as an addendum to this report. The addendum tables are also
in Excel 97 format. They are organized to be consistent in numbering with table G-2. For
example, the ice-shape coordinates for the data of table G-2.5(i) are in table A-5(i).

3. CONSIDERATIONS FOR IMPROVED METHODS AND GUIDANCE.

3.1 DEFINITION OF CRITICAL ICE SHAPE AND DISCUSSION OF DEFINITION.

The following definition was adopted by the working group after considerable discussion:
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“Critical ice shapes are those with ice accretion geometries and features
representative of that which can be produced within the icing certification
envelope that result in the largest adverse effects on performance and handling
qualities over the applicable phases of flight of the aircraft.”

This definition is similar to guidance in ACs (see above), but goes beyond, in that it focuses on
ice accretion geometries and particular features which may contribute to criticality.

The following discussion addresses the identification of ice accretion geometries and features
and the expression of performance and handling-qualities effects in terms of measurable
quantities.

Ice accretion geometries and features include ice thickness, ice horn characteristics, and ice
surface texture. The ice thickness refers to the height of the ice above the aircraft surface, as
well as its location and its distribution on the aircraft surface. An ice horn is a distinctive
protuberance of ice extending outward from the aircraft surface noticeably more than any
surrounding ice. The horn’s features include its length, its location on the aircraft surface, and its
angle with respect to that surface, as well as its surface characteristics.

The “largest adverse effects on performance” refer to ice shapes and ice features which result in
the largest loss in lift, the largest decrease in stall angle, the greatest increase in drag, and/or the
largest change in pitching moment which may be realized under the certification conditions. The
largest adverse effects on handling qualities refer to ice shapes and ice features that exhibit the
greatest effects on the aerodynamics of aircraft control.

Occasionally, a stall strip is used to simulate ice accretion on an aircraft wing surface. A stall
strip is a long piece of material having a rectangular or triangular cross section. It is attached to a
wing surface to simulate an ice horn. The strip’s location on the wing, as well as its angle with
respect to the wing, can have a large effect on the aerodynamic performance of the wing.
Maximum lift coefficient, stall angle, maximum drag, and maximum change in lift coefficient
are often all strongly affected by the location and angle of the stall strip on the wing. The stall
bar orientation that results in the maximum degradation of these parameters is the critical
condition. This orientation must be consistent with ice accretions that are to be expected within
the certification envelope over the applicable phases of flight.

In the case of a control surface, ice accretion on the leading edge of a horizontal stabilizer, for
instance, may be tolerable from the standpoint of lift and drag on the component; however, the
ice accretion may diminish the effectiveness of the elevator. The ice that diminishes the elevator
effectiveness most is the critical ice shape. This ice shape must be produced within the
certification envelope and during the applicable phases of flight.

3.2 AN “AIRFOIL SENSITIVITY APPROACH” TO CRITICAL ICE SHAPES.

This approach is based on current knowledge and methods concerning airfoil sensitivity to
contamination.

The intent of the FAA’s icing regulations is to ensure that the certificated aircraft type has no
unsafe characteristics in the most adverse icing conditions. Contemporary certification
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engineering practice for most aircraft typically consists of a progressive process involving
determination of impingement limits, ice shape determination, and testing in a tunnel or on a
full-scale flight test article, ultimately concluded by flight in natural icing conditions. Such an
approach may be characterized as comprising an intensive “inductive” process. The process
relies on current tools (for example, computer codes, tunnels, or tankers) for determining ice
shapes. It is dependent on individual expertise and judgment in determining the most severe
icing conditions and critical ice shapes, and does not take place until late in the design process or
until after that process is completed. Thus, the design may have been optimized for the
uncontaminated state before icing has been considered.

Icing incidents and accidents have raised the possibility that not all potential problem areas are
being examined and addressed during certification. An approach that could be supplementary to
(and perhaps an alternative to some parts of) the current approach would place greater emphasis
earlier in the process on the determination of the sensitivity of airfoil performance characteristics
to contamination and less emphasis on the determination of actual ice shapes. Such an approach
might be called a “deductive process,” emphasizing a shift in emphasis. As used here, the term
“deductive” process involves the determination of sensitivity of airfoil characteristics to
contamination. Specifically, analysis of airfoil response to contamination may yield critical
information on how the airfoil reacts to the effects of shapes as a function of the size and
chordwise position of the test shape on the airfoil. This analysis contrasts with predicting ice
shapes that would accrete in specific icing cloud conditions. The effects in one or more critical
aerodynamic characteristics may then be evaluated to determine limits of ice protection in both
chord and span, and acceptable decrement of the aircraft performance and handling
characteristics. Some of the analyses may need to consider configuration-dependent design
features as well as airfoil characteristics.

Performance and handling characteristics may be evaluated as the ultimate effect of the shape on
the lift curve, drag polar, pitching moment, hinge moment, and related characteristics. Thus, it
may be practical to make design and certification decisions weighting airfoil sensitivity more
heavily than shapes determined using currently available tools.

The deductive approach described here was first researched by Jacobs [23] and has more recently
been studied by Bragg, et al. [5], Papadakis, et al. [6], and others. The data of Jacobs was
probably first applied in a deductive way by Johnson [24] who used it to argue for extending the
boot further aft. Jacobs studied the aerodynamic effects of protuberances of varying height
placed at the leading edge and at various chordwise locations. In general, the results of Jacobs
and of Johnson showed that aft of the leading edge, a maximum decrement in lift and stall angle
occurred at a specific chordwise location and that the adverse effect diminished aft of that
position.

One conclusion is that understanding the type and magnitude of the aerodynamic decrements
could make possible early consideration in the design process of degraded operational
characteristics and other design features of the airplane relating to performance or handling
characteristics. While the studies of Jacobs [23], Johnson [24], and other early researchers were
limited in the scope of the aerodynamic characteristics examined and the shapes employed, the
method has been expanded by contemporary investigators, and there is no reason that the
technique could not be applied to various aerodynamic characteristics. Such sensitivity studies
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may include more than one test shape, such as roughness elements and three-dimensional shapes.
Appendix H lists 14 Code of Federal Regulations (CFR) Part 23, Subpart B requirements and a
preliminary matrix showing which aerodynamic characteristics(s) may be relevant to each
requirement.

Some manufacturers already rely in part on techniques of this general nature to determine the
most adverse or “critical” accretion features for certain aerodynamic characteristics. These
techniques may be applied during the preliminary design stage of product development to
evaluate the iced-aircraft response characteristics of the design, possibly with the intent of
modifying the design to improve its ice contaminated characteristics, or they may be used during
flight test and certification. One current manufacturer employs certain stylized protuberance
shapes during flight testing. Location, shape, and dimension parameters of the protuberance are
based upon pre-existing knowledge of a shape, representative of the most adverse conditions that
may be expected in the natural icing environment. That knowledge is tempered by past
experience of the airfoil response.

In summary, deductive processes placing more emphasis on airfoil sensitivity to contamination,
as opposed to inductive analyses relying more upon determining ice accretion shapes, may
provide a rational supplement to preliminary design of the aircraft, design of the airfoil ice
protection system, and also contribute to an acceptable and efficient means to demonstrate
compliance.

3.3 A “COMPREHENSIVE AERODYNAMIC APPROACH” TO CRITICAL ICE SHAPES.

In developing an approach for the assessment of critical ice shapes, it can be instructive to
consider what amounts to a technology roadmap. This roadmap is motivated by a critical ice
shape approach based on an aerodynamic point of view. Not all of the technology and tools are
currently available to fully exploit the aerodynamic ice shape assessment approach described
below. This discussion will first describe technical elements that would constitute such an
assessment approach, then suggest a set of research activities that could lead to the development
of the requisite capability. This roadmap could then serve as guidance for long-term technical
investment by interested research and regulatory organizations.

3.3.1 Concept.

The need for a “critical ice shape” is based on the idea that by finding what could conservatively
be called the worst ice shape from an aerodynamic point of view, (within the constraints of the
icing envelope and proposed flight operations) a manufacturer could demonstrate that the
proposed aircraft could continue to operate with degraded but still acceptable performance.
Current information on performance degradation associated with ice deposition suggests that in
some, perhaps many, cases there is not one ice shape that would degrade all performance
characteristics equally. Thus it may be desirable to evaluate performance features with respect to
the minimal amounts of ice deposition required to exceed some critical level of performance
(including control) degradation. Therefore, in this approach “critical” would be based on the
minimum amount of degradation or change in an aerodynamic parameter that would result in a
degradation of aircraft performance that significantly impacts the safety of flight.
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The concept would be outlined as follows:
a. Determine the performance characteristics that should be evaluated, such as C;, Cq4, Cp.

b. Evaluate the critical values for each of these parameters for each surface of interest with
consideration of different phases of flight.

C. Examine the roughness/protuberance or its features (i.e., horn length, horn angle,
roughness level, ice mass, etc.) that can cause the surface of interest to fall below the
critical level for each performance characteristic at each phase of flight.

d. Determine the icing conditions that could produce an ice accretion with these features.

This process would have the potential of comprehensively identifying the various icing
conditions that could lead to failure of the aircraft system. As a result, appropriate ice protection
schemes could be identified to insure that the aircraft would operate safely under the icing
conditions deemed critical for the aircraft of interest. This would also allow the ice protection
system to be designed to provide the level of protection deemed necessary to remain above the
critical performance levels.

The process outlined above shifts the evaluation towards the examination of aerodynamic effects
and away from the identification of a critical ice shape. This seems a more natural and rational
approach and has the added benefit of identifying those characteristics of an ice accretion which
play a critical role for a given icing scenario. This allows for greater consideration of icing
effects during the design process and could potentially lead to the development of a more
comprehensive understanding of the capabilities of the aircraft during an icing encounter.

3.3.2 Example.

As an example of the method described above, consider the task of determining the critical ice
shape for the horizontal tail of an aircraft. Following the steps in the approach outlined above

a. The first step is to determine what level of degradation in lift, drag, pitching moment,
hinge moment, rolling moment, etc., will present a potential safety problem in the various
phases of flight. If we consider first the landing phase, the primary function of the
horizontal tail is to provide down force to provide longitudinal trim for the aircraft.
Assume that in the most severe combination of factors, airspeed, ground effect, wing flap
setting, power setting, etc., that a C_ of 0.7 down is required to trim the aircraft. This
must be produced at the tail angle-of-attack seen by the actual aircraft and with elevator
deflection.

b. Now the designer needs to analyze what protuberance/roughness can produce this loss in
lift performance of the horizontal tail. At this stage, this need not be a predicted ice
accretion or roughness level but merely a roughness or protuberance with characteristics
similar to environmental contamination. Situations to consider include, but should not be
limited to, leading-edge horns of various sizes, locations, and angles; spanwise ridges of
various heights and chordwise locations; localized surface roughness at various locations
and sizes; the entire upper surface covered with roughness; etc. As a result of this
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analysis, candidate roughness/protuberances are identified. Assume that in this case no
roughness considered produced the critical loss in lift. However, leading-edge horns of
greater than h/c = 0.04 located aft of x/c = 0.01 and approximately normal to the surface
produce maximum lifts < 0.7. In addition, spanwise ridges greater than h/c = 0.01
located aft of x/c = 0.55 also cause C, < 0.7 to be attained due to loss in elevator
effectiveness.

C. Finally, the designer needs to determine if the roughness/protuberance that produces the
critical loss in performance can be accreted within the assumed ice accretion envelope.
For this example, it might be that the horn shape is too large to be accreted within the
parameters of appendix C. However, runback scenarios may not exclude that a ridge
could form under some conditions similar to the shape identified in step b. Therefore, the
runback shape would be a critical ice accretion.

The analysis would then consider other flight phases and surfaces to determine if other critical
ice accretions exist.

3.3.3 A Long-Term Research Strateqy to Develop Tools for a Comprehensive Aerodynamic
Approach.

The process described above requires a significant amount of analysis. As such, there is a need
for the development of robust computational tools in order that a manufacturer can implement
such a strategy without prohibitive costs in terms of dollars and labor that might be entailed for
an experimentally based (as opposed to computationally based) approach. Thus, the proposed
research plan is centered on computational flow dynamics (CFD) development with
experimental work focused on validation and short-term evaluation of trends and relationships.

The ultimate tool that might be envisioned for such an analysis would be a design code which
determines the ice shape and location that produce the critical aerodynamic loss, coupled with an
inverse ice accretion code that identifies the icing condition that might produce such a shape.
This tool could be used to examine an aircraft design for susceptibility to icing during various
stages of flight. Such a tool does not exist at this time. Perhaps research into this field could be
undertaken to determine what ice shape geometries produce the worst aerodynamic
characteristics subject to constraints related to icing parameters such as ice accretion exposure
time, cloud liquid water content, and droplet size. For now, this appears to be a more long-term
objective but something that may be considered for a feasibility study.

In the more immediate future, there appear to be three elements of an overall research strategy
that should be undertaken in a coordinated effort. These elements are depicted in figure 3 which
shows a timeline and degree of complexity associated with each of the elements. The idea is that
useful data, information, or tools can be developed at the end of each phase and thus provide
return on investment throughout the life of the research effort. This would also allow for
revision and refinement of the tasks constituting each of the elements as they progress.
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FIGURE 3. CRITICAL ICE SHAPE ANALYSIS DEVELOPMENT SPACE
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The earliest phase would consist mainly of experimental efforts. These would be directed at
providing early insight into trends in performance parameters with respect to ice shape features
as well as into the relationships between the ice shape characteristics that might play a role in the
critical limits associated with each performance parameter. Additionally these experimental
activities would provide validation data for the evaluation of the computational tools.

Initially, the experimental work would focus on 2D airfoils and would augment research
currently underway. (The literature study done for the survey of glaze ice accretion data showed
that the great preponderance of the data is for 2D, single-element airfoils. The study indicates
that more high quality aerodynamic data is needed even for the 2D, single-element case. This
research would explore experimentally the relationship between roughness/protuberance
characteristics (size, location, shape, horn angle, etc.) and degradation in C,, C4, Cp, and Cy.
This research would also relate the performance degradation to airfoil geometry including flaps,
slats, etc. The experimental research would be focused on understanding the relationship
between roughness/protuberance geometry, airfoil geometry, and performance degradation, and
would include a sensitivity analysis of these relationships.

The next part of the experimental research should explore the 3D effects. |Initially this should
include an extension of the 2D work. The research would focus on wings and add parameters
such as sweep, twist, and taper to the model geometry variables. The protuberances tested would
include geometry characteristics that are 3D such as swept-wing ice shape scallops and other
spanwise variations. The final step in the experimental work suggested here would be to
examine the complex 3D interactions that can occur on actual aircraft and affect the sensitivity of
a design to ice accretion aerodynamic effects. These would include things like power effects,
engine nacelle/wing interactions, wing/fuselage/nacelle interactions, etc. Aircraft manufacturers
suggest that these interactions are very important and currently this knowledge appears to be
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company proprietary, specific to classes of aircraft, and held by a relatively few practitioners.
The magnitude and importance of these effects need to be identified and the most important ones
studied in more detail. The goal should be to systematically study these effects experimentally
so that this information is available for use by all participants in research, design, certification,
and operation of aircraft. Understanding the 3D effects is important to full implementation of the
critical ice shape assessment method outlined here.

The second phase of the effort would be centered on development of CFD analysis tools that can
evaluate the effects of ice shapes on aerodynamic performance. The main thrust of this work
would be on examination of the ability to predict aerodynamic performance degradation
associated with unsteady, separated flow over rough surfaces. This will require associated
efforts on grid generation and turbulence modeling in order to allow accurate simulation of such
behavior. In addition to these development efforts sensitivity studies will be required to
determine the accuracy required to provide acceptable determination of the critical ice shape
feature associated with each performance characteristic.

Since CFD tools are currently still in development for clean airfoils, it may be beneficial to
develop cooperative activities with mainstream CFD research organizations in order to maximize
return on investment through utilization of existing experience in this field. This would suggest
seeking out those research organizations that might be developing CFD tools to examine
problems that contain one or more of the characteristics mentioned in the previous paragraph.

The final phase of the research plan would be directed at application of CFD tools to the
simulation of actual flight maneuvers that may be undertaken during and/or subsequent to an
icing encounter. For example, how might an unpowered aileron respond during a bank with
various ice shape configurations on the leading edge? The creation of robust computational tools
to provide this type of analysis would allow examination of dynamic behaviors associated with
ice shape features and assist in the identification of potential or real accident scenarios.

Detailed plans for each of these phases would require a thorough examination of current
capabilities and a feasibility analysis for determination of just how to extend current methods to
meet the desired goals. A separate effort may be needed to address such issues and to provide a
guide for investment in future research.

4. CONCLUSION.

The 12A Working Group identified approaches that can serve as the basis for improved methods
and guidance in the determination of critical ice shapes. These approaches require research
investment in both experimental data and improved analytical tools. The working group devoted
most of one of its two meetings to discussion and prioritization of research investment. (See
appendix | for a more complete presentation of the discussion topics and prioritization voting.)
The consensus was that research was most needed now in the following areas:

. Characterization of ice roughness for different types of ice (sandpaper, residual/intercycle
ice, glaze, etc.)
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. Investigation of the aerodynamic effects resulting from parametric variation of
characteristic ice accretion features (such as upper horn height and location)

. Investigation of aerodynamic effects resulting from variation of airfoil characteristics

The working group reached a consensus that all these items require experimental work, although
it is hoped that computational tools, because of their versatility and relative affordability, will
also be developed and utilized as fully as possible. These tools could be CFD tools, but could
also be simpler methods allowing the estimation of 3D wing and airfoil results working from
experimental 2D section data. High quality data, including those from wind tunnels capable of
achieving high Reynolds numbers, are needed to adequately assess questions as to the influence
of ice shape features on the aerodynamic effects of ice shapes. Fundamental work is needed in
the measurement and quantification of ice roughness.

The consensus of the working group was that the next most important area of research was
scaling, in particular, aerodynamic scaling (How should an ice shape accreted on a model of one
size be scaled so that it will give the same aerodynamic effects on a model of another size?) and
ice shape scaling methods (How can tunnel parameters be adjusted so that different combinations
of parameters give comparable ice shapes?).

Additional recommendations were made to the FAA by members of the working group
representing industry. They occur in subgroup reports which are not included in their entirety in
this report. Although these recommendations were not included in the voting, extended
discussions at the two meetings of the working group indicate substantial industry support for
them. A key recommendation is for a process which is “clearly defined and endorsed by the
FAA.” Most of the other recommendations call for improvement to analytical tools by the
research community, and acceptance of the tools by the FAA. These additional
recommendations can be found in appendix J.

The working group hopes that its findings and recommendations will be useful to research
organizations in formulating investment strategies for icing research.
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APPENDIX Al TASK 12A IN FAA IN-FLIGHT AIRCRAFT ICING PLAN

ICE ACCRETION AND ITS EFFECTS ON PERFORMANCE/STABILITY AND CONTROL.

Task 12. Develop guidance material on ice accretion shapes and roughness and resultant effects
on performance/stability and control. This material will be relevant to the identification and
evaluation of critical ice shape features such as ice thickness, horn size, horn location, shape, and
roughness.

A. The Federal Aviation Administration (FAA), along with industry and research
organizations, shall form a working group to explore categories of ice accretions that represent
potential safety problems on aircraft.

PLAN DETAILS, TASK 12A.

The certification process requires identification and evaluation of critical ice accretions.
Criticality of possible ice accretions is not well understood, and guidance information is needed
for compliance with established requirements. The working group will evaluate numerous ice
shapes to help define areas of concern about the effects of ice accretion on airfoil performance
and aircraft stability, control, and handling characteristics.

These ice accretion categories would include (but would not be limited to):

1 “Sandpaper” ice (a thin layer of ice composed of roughness elements)

2 Residual ice (ice remaining after a deicer cycle)

3. Rime ice

4. Glaze ice

5 Large-droplet ice (spanwise step accretions beyond the “normal” impingement zone)
6 Beak ice (single horn ice shape on the upper surface)

7 Intercycle ice (ice accumulated between deicer cycles)

These categories of ice would be considered during various phases of flight such as takeoff,
landing, climb, hold, etc., for:

1. Operational ice protection systems
2. Failed ice protections systems
3. Unprotected surfaces

Responsible Parties. Aircraft Certification Service, FAA William J. Hughes Technical Center,
NASA LeRC, Industry, Academia.

Schedule. December 1997: Publish a plan.
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APPENDIX CLI FAA IN-FLIGHT AIRCRAFT ICING PLAN SURVEY

QUESTIONNAIRE, PART 1

(This survey primarily addresses airframe icing. It is not intended to address propulsion system
or engine icing issues or propeller icing.)

1.

If artificial (simulated) ice shapes are used to demonstrate compliance with in-flight icing
certification requirements.

1.1.

1.2.

1.3.

1.4.

How are the shapes and their attributes determined (details requested)?
How are the ice accretion impingement limits determined and validated?

Are current artificial ice shape definition processes satisfactory? What tools are
employed to determine ice accretions (e.g., icing wind tunnel, computer code,
etc.)? What are needed improvements?

What rationale is used to select the shape used for certification?

Avre critical ice shapes defined?

2.1.

2.2.

2.3.

2.4.
2.5.
2.6.

2.7.

2.8.

2.9.

How?

Are intermediate ice features which may have smaller dimensions, more angular
features or more adverse textures (such as granular roughness), but greater
adverse aerodynamic effects considered?

Are different ice shapes established to determine the most adverse effect on
different aerodynamic characteristics, such as the handling qualities and
performance?

What are the flying qualities considered?
What are the flight regimes and aircraft configurations considered?
What types of ice are considered for each of the above cases?

With the high lift surfaces extended, are ice accumulations on these surfaces
considered?

Is the effect on airplane performance and handling characteristics of ice accreted
in one airplane configuration considered for subsequent airplane configurations?,
e.g., is the effect of ice accreted in holding with flaps retracted considered when
the flaps are extended for approach and landing?

How are artificial (simulated) ice shapes validated?

To what extent are the effects of artificial (simulated) ice shapes on airplane performance
and handling characteristics corroborated by flight testing in natural icing conditions.
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APPENDIX DU DISCUSSION OF CURRENT METHODOLOGY-CRITICAL ICE SHAPES

D.1. INTRODUCTORY.

This appendix is based primarily upon industry response to the survey questions reproduced in
appendix C of this report. They describe various methods used in the determination of critical
ice shapes in certification of a commercial aircraft. The emphasis is on transport aircraft, but
much of the material is applicable to other classes of aircraft.

A broad range of tools is used to determine ice shapes, including icing tunnels, dry wind tunnels,
ice accretion codes, and heat transfer computer codes. Code of Federal (14 CFR Parts 23 and
25) allow use of these engineering tools, complementing flight testing in natural icing conditions,
to verify the adequacy of aircraft ice protection systems for safe in-flight icing operations.
However, these methodologies discussed in the following should not be construed as
certification methods generally accepted by the Federal Aviation Administration (FAA) or other
airworthiness authorities. Methodologies used to determine critical ice shapes should be
included in regulation compliance plans that are negotiated with and accepted by airworthiness
authorities for specific aircraft models.

The discussion employs the following definitions, based mainly on Society of Automotive
Engineers Aerospace Information Report (SAE AIR) 1667.

Natural Icing — Icing that occurs during a flight in a cloud formed by natural processes in the
atmosphere.

Avrtificial Icing — Icing that results in the formation of ice which is “real” ice, but which is
formed by “artificial” means, that is, any means other than flight in atmospheric icing conditions.
Such means include use of a spray rig on the ground (in a tunnel or other indoor or outdoor
facility) or on a tanker.

Simulated Ice — Ice shapes that are fabricated from wood, epoxy, or other materials by any
construction technique.

Computed (calculated) Ice — Ice shapes that are generated from computational fluid dynamics
(CFD) tools.

Critical Ice Shape — See page 11 of the main text.

D.2. REVIEW OF METHODSL] DETERMINATION OF ICE SHAPES.

The industry survey responses outlined various methods of determining the ice shapes. They are
grouped into three methods and discussed below.

D.3. METHOD A: COMPUTATIONAL/ANALYTICAL.

Ice shapes are established using computer codes for the icing conditions defined in FAR Part 25
Appendix C. Unless the critical conditions are already known from prior evaluations, the ice
shape analysis is done for a range of aircraft operational and icing conditions to search for
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critical conditions. These calculations are performed for lifting surfaces, including wings and
horizontal and vertical tail sections. Each protected and unprotected part of a lifting surface
exposed to icing is analyzed. Each operational flight condition, such as takeoff, climb, cruise,
hold, descent, and approach, is considered when selecting a critical ice shape.

The ice shape analysis is normally performed on a two-dimensional (2D) section normal to the
leading edge, but three-dimensional (3D) codes may be used for some parts of certification
analysis, if accepted by the authorities. In a 2D icing code used for a 3D problem the effective
2D angle-of-attack (AOA) is computed using a 3D flow code to take into account the 3D effects;
then the resultant velocity and AOA are used for input to the 2D ice accretion code. The most
prominent publicly available 3D ice accretions codes are not actually fully 3D, in that they use a
3D flow field generated by a commercially available solver, but incorporate ice accretion
modeling which remains 2D. Accordingly they are sometimes referred to as quasi-2D or 2.5D.

Computed ice shapes generally correlated well to experimental ice shapes for cold temperature
and low liquid water content (LWC) conditions. It has been generally accepted that ice accretion
codes are less accurate in predicting ice shapes for warm temperatures and high LWCs.
However, National Aeronautic and Space Administration (NASA) Glenn, the FAA 11A
Working Group, and other organizations are currently engaged in more systematic assessment of
ice accretion code performance that will permit more precise characterization of capabilities.

Two-dimensional codes may not be suitable to define shapes on some aircraft surfaces, such as
protrusions (antennas, strakes, wing fences), and components that have a complex 3D geometry,
such as fairing intersections, scoops, vents, radomes, and windshields. The residual ice from
anti-ice and deice system operation typically are not predicted by such codes. Combinations of
computer runs and photographs from tanker flights and natural icing encounters are used to
approximate shapes for many areas on the aircraft that may accrete ice shapes, which are
believed to not yet be predicted with sufficient accuracy by computer codes for certification
work.

Ice accretion codes are not currently used to predict ice shapes on highly swept surfaces because
they are not believed to be capable of representing the true effects of leading edge sweep on ice
formations. Furthermore, codes are not used to predict the shapes of run-back ice in the case of a
heated leading edge, because no code is believed to be capable of predicting run-back ice
realistically. In this case, other methods, including the use of icing tunnels and tankers, have
been used.

On a highly swept wing, the actual ice shape that would accrete would be a “lobster tail”” shape.
In certification practice, several 2D predictions at different span locations are combined to
develop a simulated (fabricated) ice accretion that varies somewhat in size along the span, but is
a solid shape, not a lobster tail shape with gaps between the ice sections. The case for the
conservatism of this approach rests on the contention that the solid (no-gap) simulated shape
would have a more severe aerodynamic effect than the lobster tail shape with gaps.
Aerodynamic experts generally accept this view although there is relatively little data that bears
directly on the question.



D.4. METHOD B: EXPERIMENTAL.

D.4.1 ICING TUNNELS.

Shapes have been determined by tests of full-scale leading-edge specimens of wings and other
aircraft surfaces in an icing wind tunnel. Based mainly on photographic evidence, simulated
(fabricated) ice shapes derived from tunnels are claimed to approximate the shapes produced
during in-flight natural icing conditions. Quantitative comparison is difficult for a number of
reasons, and has not been done in certification; nor have research organizations published much
in this area.

Ice shape scaling and aerodynamic scaling of ice shape effects are sometimes necessary in the
icing certification process, since the sizes of existing icing tunnels impose limitations on model
size, and also since a tunnel may be unable to provide the desired icing conditions.
Manufacturers provided little information on the scaling methods they employ, and discussions
in the 12A Working Group meetings suggest that there is no consensus in industry as to the most
suitable methods.

For a large wing section, a hybrid model with full-scale leading edge and a truncated aft section
and trailing edge flap may be acceptable to the authorities if it is judged to produce a leading-
edge flow field, resulting in essentially the same leading-edge impingement pattern as would
occur on a full-scale model.

D.4.2 AIRBORNE ICING TANKERS.

Flying the test aircraft in an icing cloud generated behind an icing tanker is used to determine
location and qualitative features of shapes. This method has been used to determine simulated
(fabricated) shapes for nonlifting surfaces, (not airfoil-type geometries) or areas where
theoretical methods for calculation of ice shapes may not be validated or accepted (for example,
highly swept wings and other 3D geometries resulting in highly 3D flow). If this method is used
to define simulated (fabricated) shapes on lifting surfaces, special care should be taken in
calibration of the icing cloud.

D.4.3 NATURAL ICING FLIGHT TESTS.

In most icing certification programs, flight in natural icing conditions is done at the conclusion of
the certification program, after flight testing with simulated ice shapes has already been
completed. However, the natural icing tests mentioned here are additional flights, done earlier in
the certification program for the purpose of determining the simulated (fabricated) shapes on
noncritical parts of the aircraft for subsequent flight testing with simulated (fabricated) ice
shapes. Natural encounters have been accepted by the authorities to define ice shapes for areas
that are shown not to be critical for flight. The test aircraft is flown into the known icing
conditions and the shapes are observed, photographed, and recorded by the video camera, and
this documentation is used in fabricating the simulated ice shape for flight testing. This method
is direct, but it is costly and time consuming.



D.5. METHOD C: EMPIRICAL.

This approach may combine Method A, Method B, and the applicant’s engineering practices.
One manufacturer uses only the water droplet trajectory impingement results from Method A to
derive the impingement characteristics of the surface geometry. The ice shapes are then
determined using icing tunnel-based correlations, relating icing conditions to ice shape features.
Some aircraft manufacturers can draw on a broad databank of experience with ice shapes from
icing tunnel tests and flight tests in natural icing conditions during past aircraft certification
programs.

“Empirical” shapes such as sandpaper, rope, and beak ice shapes have been required by the FAA
in some certification programs. For a short exposure, small amounts of simulated ice with a
roughness height of 1 mm and a particle density of 8 to 10 grains per cm? has been used in some
certification programs. For longer exposures simulated ice with a roughness height 3 mm with
the same particle density has been used.

D.6. VALIDATION/SUBSTANTIATION OF METHODS.

When a code is proposed for use in a certification program, the applicant is responsible for
providing validation data to the authorities to justify the use of the code.

The quantity and type of validation required may vary with the application and with the past
experience of the responsible Aircraft Certification Office (ACO). The applicant works with the
ACO to determine what kind of data is used, what kinds of quality checks are done, and how
much data is examined in order to “validate” the code for a particular certification application.
Historically, icing tunnel test data have been used to corroborate prediction capabilities. There is
very little high-quality data available from natural icing flight tests to compare with an analysis.
Basically, natural icing tests provide only qualitative ice shape information. The natural icing
observations and photographs provide only the orientation, location, roughness, and the extent of
the ice accretions at best.

A systematic validation approach for certification work has not been defined for analytical codes
or icing facilities. The FAA has formed an 11A Working Group to identify formulate acceptance
criteria for icing test facilities and analytical codes.

D.7. DETERMINATION OF CRITICAL ICE SHAPES.

Two scenarios for flight in icing conditions are considered in defining critical ice shapes to be
flight tested: (a) normal system operation, and (b) failed system scenario. Experience has shown
that glaze ice shapes usually have greatest aerodynamic impact. However, very rough accretions
(represented by fabricated roughness) have sometimes been found to have an even greater impact
for some maneuvers and classes of aircraft because the roughness can induce lifting surface stall.

One approach that has been followed in the determination of a critical ice shape is as follows:

The first step is the determination of the droplet diameter that will provide the highest accretion
rate on the airfoil within the FAR Part 25 Appendix C conditions. The droplet size which results
in the largest water catch rate is selected for ice shape development. Ambient temperatures
selected are those which produce a total temperature near freezing for fixed wing aircraft. The



temperature for rotary wing aircraft will be that temperature associated with full-span icing. Ice
shape sensitivities to altitude are included within the ice shape selection matrix.

The second step consists in determining, for each flight phase, the combination of flight and
icing conditions that satisfy the following:

. highest accretion rate

. double horn ice shapes or beak ice shapes (essentially for total temperature close to 0°C
for a fixed wing aircraft) as suggested within JAR AMJ 25.1419

. longest exposure time

The purpose of the “normal system operation” scenario is to produce the ice accretion on the
unprotected areas of the aircraft which would result from takeoff, climb, descent and holding in
FAR Part 25 Appendix C “Continuous Maximum?” icing conditions for an appropriate exposure
duration with normal ice protection system operation. The protected surfaces are considered to
be free from any ice accretion, while the unprotected surfaces, in general, are exposed to icing
conditions for up to 45 minutes.

The purpose of the “failed system” scenario is to define the ice shape that results from a single
failure in the ice protection system. The icing exposure for the protected surfaces is taken as the
time to exit the icing condition after the system failure. Certification programs have used 50
percent of the exposure in holding operation of the aircraft for the failed system scenario. That
is, the exposure has been taken to be as much as 22.5 minutes in icing conditions.

Flight conditions such as airspeed and angle of attack are specified for the aircraft at maximum
design landing gross weight to determine the ice shape. Average values for aircraft angle of
attack are typically used. Airfoil sections are selected for ice accretion analysis and include, but
are not limited to, the root and tip sections of the wing and the tail. In addition, unprotected
lifting and nonlifting sections are identified to account for aerodynamic and/or drag effects.

For the wing and horizontal tail in holding conditions, the calculated shapes are examined to
determine the most critical, which is often the one having the largest horn projection height on
the lifting surface. Shapes on other surfaces are calculated for the same condition.

Shapes are derived for all flight conditions in which it is considered possible to encounter ice.
Both rime and glaze shapes are reviewed. Based on engineering experience, judgment supported
with wind tunnel tests and including knowledge of the influence on lift and drag from
aerodynamic disturbances on airfoils, the shapes are chosen to represent the critical ice shapes.
Also, the selected ice shapes are evaluated with respect to criteria that will disturb flow
conditions the most. Glaze shapes with horn lengths protruding normal to the local flow
direction have been shown to produce large drag penalties. If there is any question as to which
shape is more critical, each shape in question is tested. New analytical methods are currently
being developed to estimate maximum lift and drag to help make this determination.

The trimming condition that gives the worst horn shape on the lower surface may be selected for
the tailplane. The worst horn positions from an aerodynamic perspective are assumed to be those
that are farthest around the lifting surface measured from the leading edge.
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D.8. FABRICATION OF 3D SIMULATED ICE SHAPES FOR ATTACHMENT TO
AIRCRAFT SURFACES.

The simulated (fabricated) ice shapes used on the aircraft are actual or simplified envelopes of
ice forms determined for various spanwise sections of the airfoil. The shape definitions in terms
of characteristic dimensions are used to fabricate the simulated shapes. Intermediate positions
are defined by linear interpolation between sections and extrapolation to the root and the tip.
Surface textures of these simulated ice shapes are defined according to the aircraft
manufacturer’s experience and AMJ 25.1419 (JAR 25) requirements. One manufacturer has
used crushed walnut shells for the surface texture on the flight test shapes. These shapes are
fastened to the wing leading edge and used for handling and for performance testing.

D.9. CONCLUDING REMARKS.

An aircraft may be certified using a combination of the methods discussed above, drawing upon
the strengths of each. The aircraft manufacturer conducts a detailed study to determine the
airplane performance for combinations of ice shape and airplane configuration. This type of
analysis usually includes results from wind tunnel studies, a review of ancestral data for that
airplane type (if it exists), and flight test verification of combinations considered most critical.
Despite the improvements that has been made in the various methods in recent years, critical ice
shapes can be highly configuration dependent, and their determination can be highly dependent
on both engineering judgment and actual flight test experience.

As an example, for T-tail aircraft, one manufacturer has found that the pushover maneuver is
considered a good indication of stick force availability to control the aircraft in the longitudinal
axis. This test is therefore conducted with a combination of ice shapes on the horizontal tail (and
the wing, if required) to determine the stick force margin available for airplane controllability.
For one T-tail aircraft type this could be, for example, a 30-min ice shape on the horizontal tail at
landing flaps, while for another T-tail aircraft type the critical shape might be a 15-min ice shape
on the wing at takeoff flaps. Airplanes with conventional tail design usually have the engines
mounted under the wings. The performance of this type of design could be assessed differently
with ice shapes (on the wings and/or tail).

Another example is the assessment of anti-icing failure modes and the probability of occurrence
for each failure mode. The critical ice shape would then be the cyclical ice shape generated as a
result of the part-time anti-icing system operation for a given flap setting, during approach or
takeoff.

This appendix has emphasized the heavy reliance on engineering judgment in determination of
critical ice shapes in current certification practice. As in other areas of certification where this is
the case, this may necessitate a conservative approach in order to ensure safety. A goal of the
FAA, NASA, other research organizations, and industry is to reduce reliance on engineering
judgment through the development, validation, and acceptance of improved icing simulation
methods, particularly analytical computer codes. Although it is not anticipated that significant
reliance on engineering judgment will be eliminated from icing certification work, reducing
reliance upon it through acceptance of simulation tools is the most promising path to better
standardization and guidance in determination of critical ice shapes.



10.

11.

12.

13.

14.

APPENDIX ELJ BIBLIOGRAPHY OF AERODYNAMIC EFFECTS

Abbott, Frank T., Jr. and Turner, Harold R., Jr., “The Effects of Roughness at High
Reynolds Numbers on the Lift and Drag Characteristics of Three Thick Airfoils,” NACA
ACR No. L4H21, August 1944 (Wartime Report No. L-46).

Abbott, Ira H., “The Drag of Two Streamline Bodies as Affected by Protuberances and
Appendages,” NACA TR 451, September 1932.

Abbott, Ira H. and von Doenhoff, Albert E., Theory of Wing Sections, Dover, New York,
1959.

Abbott, Ira H., von Doenhoff, Albert E., and Stivers, L.S., “Summary of Airfoil Data,”
NACA Report 824, 1945.

Addy, Harold E., Jr, Potapczuk, Mark G., and Sheldon, David W., “Modern Airfoil Ice
Accretions,” AIAA-97-0174 and NASA TM 107423, January 1997.

Ashenden, Russell, “Airfoil Performance Degradation by Supercooled Cloud, Drizzle,
and Rain Drop Icing,” M.S. Thesis, Dept. of Atmospheric Science, Univ. of Wyoming,
Laramie, WY, 1996

Ashenden, Russell, Lindberg, William, Marwitz, John D., and Hoxie, Benjamin, “Airfoil
Performance Degradation by Supercooled Cloud, Drizzle, and Rain Drop Icing,” J.
Aircraft, Vol. 33, No. 6, November-December 1996, pp. 1040-1046.

Ashenden, Russell, Lindberg, William and Marwitz, John D., “Two-Dimensional Airfoil
Performance Degradation Because of Simulated Freezing Drizzle,” J. Aircraft, Vol. 35,
No. 6, November-December 1998, pp. 905-911.

Ashenden, Russell and Marwitz, John D., “Turboprop Aircraft Performance Response to
Various Environmental Conditions,” J. Aircraft, Vol. 34, No. 3, May-June 1997, pp. 278-
287.

Bartlett, C.S., “The Effect of Experimental Uncertainties on Icing Test Results,” AIAA-
90-0665, January 1990.

Bezos, Gaudy M., “Results of Aerodynamic Testing of Large-Scale Wing Sections in a
Simulated Natural Rain Environment,” AIAA-90-0486, January 1990.

Bilanin, A., “Scaling Laws for Testing of High Lift Airfoils Under Heavy Rainfall,”
AIAA-85-0257, January 1985.

Bilanin, A.J. and Chua, K., “Mechanisms Resulting in Accreted Ice Roughness,” AIAA-
92-0287, January 1992.

Bilanin, A.J., Quackenbush, T.R., and Feo, A., “Feasibility of Predicting Performance
Degradation of Airfoils in Heavy Rain,” NASA CR 181842, June 1989.

E-1



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27,

28.

29.

Bleeker, W., “Einige Bemerkungen (ber Eisansatz an Flugzeugen,” Meteorologische
Zeitschrift, September 1932, pp. 349-354. (Also available as NACA TM 1027.)

Boer, J.N. and van Hengst, J., “Aerodynamic Degradation Due to Distributed Roughness
on High Lift Configuration,” AIAA-93-0028, January 1993.

Boermans, L.M.M. and Selen, H.J.W., “Design and Tests of Airfoils for Sailplanes With
Application to the ASW-19b,” ICAS-82-5.2.2, 1982.

Bond, Thomas H., Flemming, Robert J., and Britton, Randall K., “Icing Tests of a Model
Main Rotor,” Proceedings of the 46th Annual American Helicopter Society Forum,
Volume 1, May 1990.

Bowden, D.T., “Effect of Pneumatic Deicers and Ice Formations on Aerodynamic
Characteristics of an Airfoil,” NACA TN 3564, February 1956.

Bowden, D.T., Gensemer, A.E., and Speen, C.A., “Engineering Summary of Airframe
Icing Technical Data,” FAA, FAA-ADS-4, 1964.

Bragg, M.B., “Rime Ice Accretion and Its Effect on Airfoil Performance,” NASA CR
165599, March 1982.

Bragg, M.B., “Effect of Geometry on Airfoil Icing Characteristics,” J. Aircraft, Vol. 21,
No. 7, July 1984, pp. 505-511.

Bragg, Michael B., “An Experimental Study of the Aerodynamics of a NACA 0012
Airfoil With a Simulated Glaze Ice Accretion,” NASA CR 179571, January 1987.

Bragg, M.B., “Experimental Aerodynamic Characteristics of an NACA 0012 Airfoil
With Simulated Glaze Ice,” J. Aircraft, Vol. 25, No. 9, September 1988, pp. 849-854.

Bragg, Michael B., “An Experimental Study of the Aerodynamics of a NACA 0012
Airfoil With a Simulated Glaze Ice Accretion-Volume 11,” NASA CR 191007, March
1993.

Bragg, M.B., “Aircraft Aerodynamic Effects Due to Large-Droplet Ice Accretions,”
AlIAA-96-0932, January 1996.

Bragg, M.B., “Aerodynamics of Supercooled Large-Droplet Ice Accretions and the Effect
on Aircraft Control,” Proceedings of the FAA International Conference on Aircraft
Inflight Icing, Springfield, VA, DOT/FAA/AR-96/81, 11, 1996, pp. 387-399.

Bragg, M.B. and Coirier, W.J., “Detailed Measurements of the Flow Field in the Vicinity
of an Airfoil With Glaze Ice,” AIAA-85-0409, January 1985.

Bragg, M.B. and Coirier, W.J., “Aerodynamic Measurements of an Airfoil With
Simulated Glaze Ice,” AIAA-86-0484, January 1986.

E-2



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Bragg, M.B., Cummings, M.J., Lee, S., and Henze, C.M., “Boundary Layer and Heat-
Transfer Measurements on an Airfoil with Simulated Ice Roughness,” AIAA-96-0866,
January 1996.

Bragg, M.B. and Gregorek, G.M., “Aerodynamic Characteristics of Airfoil With Ice
Accretions,” AIAA-82-0282, January 1982.

Bragg, M.B. and Gregorek, G.M., “Environmentally Induced Surface Roughness on
Laminar Flow Airfoils: Implications for Flight Safety,” AIAA-89-2049, July-August
1989.

Bragg, M.B., Gregorek, G.M., and Lee, J.D., “Airfoil Aerodynamics in Icing
Conditions,” J. Aircraft, Vol. 23, No. 1, January 1986, pp. 76-81.

Bragg, M.B., Gregorek, G.M., and Shaw, R.J., “Wind Tunnel Investigation of Airfoil
Performance Degradation Due to Icing,” AIAA-82-0582, January 1982.

Bragg, M.B., Heinrich, D.C., Valarezo, W.O., and McGhee, R.J., “Effect of Underwing
Frost on a Transport Aircraft Airfoil at Flight Reynolds Number,” J. Aircraft, Vol. 31,
No. 6, November—-December 1994, pp. 1372-1379.

Bragg, M.B., Kerho, M.F., and Cummings, M.J., “Effect of Initial Ice Roughness on
Airfoil Aerodynamics,” AIAA-94-0800, January 1994,

Bragg, M.B., Kerho, M.F., and Cummings, M.J., “Airfoil Boundary Layer Due to Large
Leading-Edge Roughness,” AIAA-95-0536, January 1995.

Bragg, M.B., Kerho, M.F., and Khodadoust, A., “LDV Flow Field Measurements on a
Straight and Swept Wing With a Simulated Ice Accretion,” AIAA-93-0300, January
1993.

Bragg, M.B., Khodadoust, A., and Kerho, M., “Aerodynamics of a Finite Wing With
Simulated Ice,” Computational and Physical Aspects of Aerodynamic Flows, Long
Beach, CA, January 1992,

Bragg, M.B., Khodadoust, A., and Spring, S.A., “Measurements in a Leading-Edge
Separation Bubble Due to a Simulated Airfoil Ice Accretion,” AIAA Journal, Vol. 30,
No. 6, June 1992, pp. 1462-1467.

Britton, Randall K., “Ongoing Development of a Computer Jobstream to Predict
Helicopter Main Rotor Performance in Icing Conditions,” NASA CR 187076, February
1991.

Britton, Randall K., “Development of an Analytical Method to Predict Helicopter Main
Rotor Performance in Icing Conditions,” AIAA-92-0418, January 1992.

Brumby, R.E., “Wing Surface Roughness, Cause and Effect,” DC Flight Approach,
January 1979.

E-3



44,

45.

46.

471.

48.

49,

50.

51.

52.

53.

54,

55.

56.

Brumby, R.E., “The Effects of Wing Contamination on Essential Flight Characteristics,”
Douglas Paper No. 8127, presented at the SAE Aircraft Ground Deicing Conference,
Denver, September 20-22, 1988.

Brumby, R.E., “The Effect of Wing Ice Contamination on Essential Flight
Characteristics,” Paper 2, AGARD CP-496, Effects of Adverse Weather on
Aerodynamics, Proceedings of the 68th AGARD Fluid Dynamics Panel Specialists
Meeting, April-May 1991.

Calay, Rajnish K., Holdg, Arne E., Mayman, Philip, and Lun, Isaac, “Experimental
Simulation of Runback Ice,” J. Aircraft, Vol. 34, No. 2, March—-April 1997, pp. 206-212.

Carbonaro, M., “Aerodynamic Effects of De/Anti-Icing Fluids, and Description of a
Facility and Test Technique for Their Assessment,” Paper 18, AGARD CP-496, Effects
of Adverse Weather on Aerodynamics, Proceedings of the 68th AGARD Fluid Dynamics
Panel Specialists Meeting, April-May 1991.

Cebeci, T., “Effects of Environmentally Imposed Roughness on Airfoil Performance,”
NASA CR 179639, June 1987.

Cooper, W.A., Sand, W.R., Politovich, M.K., and Veal, D.L., “Effects of Icing on
Performance of a Research Airplane,” J. Aircraft, Vol. 21, No. 9, September 1984,
pp. 708-715.

Dryden, H.L., “Review of Published Data on the Effect of Roughness on Transition From
Laminar to Turbulent Flow,” J. Aeron. Sci., Vol. 20, No. 7, July 1953, pp. 477-482.

Dunham, R. Earl, Jr., Bezos, Gaudy M., Gentry, Garl L., Jr., and Melson, Edward Jr.,
“Two-Dimensional Wind Tunnel Tests of a Transport-Type Airfoil in a Water Spray,”
AIAA-85-0258, January 1985.

Dunham, Dana J., Dunham, R.Earl, Jr., and Bezos, Gaudy M., “A Summary of NASA
Research on Effects of Heavy Rain on Airfoils,” Paper 15, AGARD CP-496, Effects of
Adverse Weather on Aerodynamics, Proceedings of the 68th AGARD Fluid Dynamics
Panel Specialists Meeting, April-May 1991.

Dunn, Timothy A. and Loth, Eric, “Effects of Simulated-Spanwise-lce Shapes on
Airfoils: Computational Investigation,” AIAA-99-0093, January 1999.

Flemming, Robert J., Bond, Thomas H., and Britton, Randall K., “Results of a Sub-Scale
Model Rotor Icing Test,” AIAA-91-0660, January 1991.

Flemming, Robert J., Britton, Randall K., and Bond, Thomas H., “Model Rotor Icing
Tests in the NASA Lewis Icing Research Tunnel,” Paper 9, AGARD CP-496, Effects of
Adverse Weather on Aerodynamics, Proceedings of the 68th AGARD Fluid Dynamics
Panel Specialists Meeting and NASA TM 104351, April-May 1991.

Flemming, Robert J. and Lednicer, David A., “High Speed Ice Accretion on Rotorcraft
Airfoils,” NASA CR 3910, August 1985.

E-4



S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Ferguson, S., Mullins, B., Jr., Smith, D., and Korkan, K., “Full-Scale Empennage Wind
Tunnel Test to Evaluate Effects of Simulated Ice on Aerodynamic Characteristics,”
AIAA-95-0451, January 1995.

Fiddes, S.P., Kirby, D.A., Woodward, D.S., and Peckham, D.H., “Investigation Into the
Effects of Scale and Compressibility on Lift and Drag in the RAE 5m Pressurized Low-
Speed Wind Tunnel,” Aeronautical Journal, Paper No. 1302, March 1985.

Gelder, T.F., Lewis, J.P., and Koutz, S.L., “Icing Protection for a Turbojet Transport
Airplane: Heating Requirements, Methods of Protection, and Performance Penalties,”
NACA TN 2866, January 1953.

Gray, V.H., “Correlations Among Ice Measurements, Impingement Rates, Icing
Conditions and Drag of a 65A004 Airfoil,” NACA TN 4151, February 1958.

Gray, V.H., “Prediction of Aerodynamic Penalties Caused by Ice Formations on Various
Airfoils,” NASA TN D-2166, 1964.

Gray, V.H., “Correlation of Airfoil Ice Formations and Their Aerodynamic Effects With
Impingement and Flight Conditions,” SAE Preprint No. 225.

Gray, Vernon H. and von Glahn, Uwe H., “Effect of Ice and Frost Formations on Drag of
NACA 651-212 Airfoil for Various Modes of Thermal Ice Protection,” NACA RM
E53C10, NACA TN 2962, June 1953.

Gray, V.H. and von Glahn, U.H., “Aerodynamic Effects Caused by Icing of an Unswept
NACA 65A-004 Airfoil,” NACA TN 4155, February 1958.

Grigson, C.W.B., “Nikuradse’s Experiment,” AIAA Journal, Vol. 22, No. 7, July 1984,
pp. 999-1001.

Gulick, Beverly G., “Effects of Simulated Ice Formation on the Aerodynamic
Characteristics of an Airfoil,” NACA WR L-292, May 1938.

Haines, P.A. and Luers, J.K., “Aerodynamic Penalties of Heavy Rain on a Landing
Aircraft,” NASA CR 156885, July 1982.

Hansman, R.J., “Microphysical Factors Which Influence Ice Accretion,” Proceedings of
the First Bombardier International Workshop on Aircraft Icing/Boundary-Layer Stability
and Transition, Montreal, Canada, 1993, pp. 86-103.

Hansman, R.J., Jr. and Barsotti, M.F., “The Aerodynamic Effect of Surface Wetting
Characteristics on a Laminar Flow Airfoil in Simulated Heavy Rain,” AIAA-85-0260,
January 1985.

Hansman, R.J., Breuer, K.S., Hazan, D., Reehorst, A., and Vargas, M., “Close-Up
Analysis of Aircraft Ice Accretion,” AIAA-93-0029, January 1993.

E-5



71.

72.

73.

74.

75.
76.
77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Hansman, R.J., Reehorst, A., and Sims, J., “Analysis of Surface Roughness Generation in
Aircraft Ice Accretion,” AIAA-92-0298, January 1992.

Hansman, R.J. and Turnock, S.R., “Investigation of Surface Water Behavior During
Glaze Ice Accretion,” J. Aircraft, Vol. 26, No. 2, February 1989, pp. 140-147.

Hastings, Earl C., Jr. and Manuel, Gregory S., “Measurements of Water Film
Characteristics on Aircraft Surfaces From Wind Tunnel Tests,” AIAA-85-0259, January
1985.

Hill, E.G. and Zierten, T.A., “Aerodynamic Effects of Aircraft Ground De/Anti-Icing
Fluids,” J. Aircraft, Vol. 30, No. 1, January-February 1993, pp. 24-34.

Hoerner, S.F., Fluid-Dynamic Lift, published by the author, 1965.
Hoerner, S.F. and Borst, H.V., Fluid-Dynamic Lift, published by the author, 1975.

Holmes, E., Obara, C. and Yip, L., “Natural Laminar Flow Experiments on Modern
Airplane Surfaces,” NASA Technical Paper 2256, June 1984.

Hooker, Ray W., “The Aerodynamic Characteristics of Airfoils as Affected by Surface
Roughness,” NACA TN 457, April 1933.

Hoxie, B., “Experimental Study of the Effect of Ice Accretion on Wing Performance,”
Research Experiences in Fluid Mechanics, Department of Mechanical Engineering,
University of Wyoming, August 1995.

Ingelman-Sundberg, M., Trunov, O.K., and Ivaniko, A., “Methods for Prediction of the
Influence of Ice on Aircraft Flying Characteristics,” Report JR-1, a joint report from the
Swedish-Soviet Working Group on Scientific-Technical Cooperation in the Field of
Flight Safety, 6th Meeting, 1977.

Jackson, Darren G. and Bragg, Michael B., “Aerodynamic Performance of an NLF
Airfoil With Simulated Ice,” AIAA-99-0373, January 1999.

Jacobs, Eastman N., “Airfoil Section Characteristics as Affected by Protuberances,”
NACA TR 446, 1933.

Jacobs, Eastman N. and Abbott, Ira H., “The NACA Variable-Density Wind Tunnel,”
NACA TR 416, 1932.

Jacobs, Eastman N. and Sherman, Albert, “Wing Characteristics as Affected by
Protuberances of Short Span,” NACA TR 449, 1933.

Jeck, R., “A Workable, Aircraft-Specific Icing Severity Scheme,” AIAA-98-0094,
January 1998.

Johnson, Clarence L., “Wing Loading, Icing and Associated aspects of Modern Transport
Design,” J Aeron Sci., Vol. 8, No. 2, December 1940, pp. 43-54.

E-6



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Jones, R. and Williams, D.H., “The Effect of Surface Roughness on the Characteristics of
the Aerofoils NACA 0012 and RAF 34,” British ARC, R&M No. 1708, 1936.

Kerho, M.F., “Effect of Large Distributed Roughness Near an Airfoil Leading Edge on
Boundary-Layer Development and Transition,” Ph.D. Dissertation, Dept. of Aeronautical
and Astronautical Engineering, University of Illinois at Urbana-Champaign, Urbana, IL,
1995.

Kerho, M.F. and Bragg M.B., “Effect of Large Distributed Leading-Edge Roughness on
Boundary-Layer Development and Transition,” AIAA-95-1803, January 1995.

Kerho, M.F. and Bragg, M.B., “Airfoil Boundary-Layer Development and Transition
With Large Leading-Edge Roughness,” AIAA Journal, Vol. 35, No. 1, January 1997,
pp. 75-84.

Kerho, M.F., Bragg, M.B., and Shin, J., “Helium Bubble Flow Visualization of the
Spanwise Separation on a NACA 0012 With Simulated Glaze Ice,” AIAA-92-0413 and
NASA TM 105742, January 1992.

Khodadoust, Abdollah, “A Flow Visualization Study of the Leading-Edge Separation
Bubble on a NACA 0012 Airfoil With Simulated Glaze Ice,” M.S. Thesis, Ohio State
University, June 1987 and NASA CR 180846, January 1988.

Khodadoust, A., “Effect of a Simulated Glaze Ice Shape on the Aerodynamic
Performance of a Rectangular Wing,” AIAA-92-4042, 1992.

Khodadoust, A. and Bragg, M.B., “Aerodynamics of a Finite Wing With Simulated Ice,”
J. Aircraft, Vol. 32, No. 1, January-February 1995, pp. 137-144.

Khodadoust, A., Bragg, M.B. and Kerho, M., “LDV Measurements on a Rectangular
Wing With a Simulated Glaze Ice Accretion,” AIAA-92-2690, 1992.

Khodadoust, A., Bragg, M.B., Kerho, M., Wells, S., and Soltani, M. R., “Finite Wing
Aerodynamics With Simulated Glaze Ice,” AIAA-92-0414, January 1992.

Khodadoust, A., Dominik, C. J., Shin, J., and Miller, D., “Effect of In-Flight Ice
Accretion on the Performance of a Multi-Element Airfoil,” Proceedings of the Aircraft
Icing Symposium, Montreal, Canada, September 1995.

Kim, H.S. and Bragg, M.B., “Effects of Leading-Edge Ice Accretion Geometry on Airfoil
Performance,” AIAA-99-03150, June-July 1999.

Kind, R.J. and Lawrysyn, M.A., “Effects of Frost on Wing Aerodynamics and Takeoff
Performance,” Paper 8, AGARD CP-496, Effects of Adverse Weather on Aerodynamics,
Proceedings of the 68th AGARD Fluid Dynamics Panel Specialists Meeting, April-May
1991.

E-7



100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Kind, R.J. and Lawrysyn, MA., “Performance Degradation Due to Hoar Frost on Lifting
Surfaces,” Canadian Aeronautics and Space Journal, Vol. 38, No. 2, June 1992, pp. 62-
70.

Kind, R.J. and Lawrysyn, M.A., “Aerodynamic Characteristics of Hoar Frost
Roughness,” AIAA Journal, Vol. 30, No. 7, July 1992, pp. 1703-1707.

Kirby, Mark S. and Hansman, R. John, “An Experimental and Theoretical Study of the
Ice Accretion Process During Artificial and Natural Icing Conditions,” NASA CR
182119, and DOT/FAA/CT-87/17, April 1988.

Kirchner, R.D., “Water Bead Formation in Glaze Icing Conditions,” AIAA-95-0539,
January 1995.

Korkan, K.D., Dadone, L. and Shaw, R.J., “Performance Degradation of Helicopter Rotor
Systems in Forward Flight Due to Rime Ice Accretions,” AIAA-83-0029, January 1983.

Kuethe, A. and Chow, C., “Foundations of Aerodynamics,” 5th ed., John Wiley & Sons,
Inc., New York, 1998.

Langmuir, Irving and Blodgett, Katharine B., “A Mathematical Investigation of Water
Droplet Trajectories,” Army Airforce Technical Report No. 5418, 1946 and General
Electric Report No. RL-225, June 1949.

Laschka, E. and Jesse, R.E., “Determination of Ice Shapes and Their Effect on the
Aerodynamic Characteristics for the Unprotected Tail of the A 300,” proceedings of
ICAS, Haifa, Israel, August 1974, pp. 409-418.

Leckman, P.R., “Qualification of Light Aircraft for Flight in Icing Conditions,” SAE
Paper 710394, 1971.

Lee, S. and Bragg, M., “Effects of Simulated-Spanwise-lce Shapes on Airfoils:
Experimental Investigation,” AIAA-99-0092, January 1999.

Lee, S., Dunn, T., Gurbacki, H.M., Bragg, M.B., and Loth, E., “An Experimental and
Computational Investigation of Spanwise-Step-lce Shapes on Airfoil Aerodynamics,”
AIAA-98-0490, January 1998.

Leurs, J.K. and Haines, P.A., “Experimental Measurements of Rain Effects on Aircraft
Aerodynamics,” AIAA-83-0275, January 1983.

Lewis William and Perkins, Porter J., “A Flight Evaluation and Analysis of the Effect of
Icing Conditions on the PG-2 Airship,” NACA TN 4220, April 1958.

Ljungstroem, B.L.G., “Wind Tunnel Investigation of Simulated Hoar Frost on a Two-
Dimensional Wing Section With and Without High-Lift Devices,” Report FFA-AU-902,
Aeronautical Research Institute of Sweden (FFA), April 1972.

E-8



114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Lynch, Frank T., Valarezo, Walter O., and McGhee, Robert J., “The Adverse
Aerodynamic Impact of Very Small Leading-Edge Ice (Roughness) Buildup on Wings
and Tails,” Paper 12, AGARD CP-496, Effects of Adverse Weather on Aerodynamics,
Proceedings of the 68th AGARD Fluid Dynamics Panel Specialists Meeting, April-May
1991.

McMasters, J.H. Roberts, W.H., and Payne, F.M., “Recent Air-Freon Tests of a Transport
Airplane in High Lift Configurations,” AIAA-88-2034, 1988.

Maresh, J.L. and Bragg, M.B., “The Role of Geometry in Minimizing the Effect of Insect
Contamination of Laminar Flow Sections,” AIAA-84-2170, August 1984.

Messinger, B.L., “Equilibrium Temperature of an Unheated Icing Surface as a Function
of Airspeed,” J. Aeron. Sci., Vol. 20, No. 1, January 1953, pp. 29-42.

Miller, T.L., Korkan, K.D., and Shaw, R.J., “Statistical Study of an Airfoil Glaze Ice
Drag Coefficient Correlation,” SAE Paper 830753, April 1983.

Morelli, J.P., “Flight Test Wing Surface Roughness Effects for Development of an
Airfoil Surface Contamination Detection System,” McDonnell Douglas Corporation
Report No. MDC-96K9377, Long Beach, CA, December 1996.

Morgan, Harry L., Jr., Ferris, James C., and McGhee, Robert J., “A Study of High-Lift
Airfoils at High Reynolds Numbers in the Langley Low-Turbulence Pressure Tunnel,”
NASA TM 89125, June 1987.

Mullins, B.R., Smith, D.E., and Korkan, K.D. ,“Effects of Icing on the Aerodynamics of
a Flapped Airfoil,” AIAA-95-0449, January 1995.

Olsen, William, Shaw, Robert, and Newton, James, “Ice Shapes and the Resulting Drag
Increase for a NACA 0012 Airfoil,” NASA TM 83556, January 1984.

Olsen, W. and Walker, E., “Experimental Evidence for Modifying the Current Physical
Model for Ice Accretion on Aircraft Surfaces,” NASA TM 87184, May 1986.

Oolbekkink, B. and Volkers, D.F., “Aerodynamic Effects of Distributed Roughness on a
NACA 632-015 Airfoil,” AIAA-91-0443, January 1991.

Orr, D.J., Breuer, K.S., Torres, E.E., and Hansman, R.J., “Spectral Analysis and
Experimental Modeling of Ice Accretion Roughness,” AIAA-96-0865, January 1996.

Papadakis, Michael, Alansatan, Sait, and Seltmann, Michael, “Experimental Study of
Simulated Ice Shapes on a NACA 0011 Airfoil,” AIAA-99-0096, January 1999.

Papadakis, Michael, Vu, Giao T., Hung, Eric K., Bidwell, Colin S., Bencic, Timothy, and
Breer, Marlin D., “Progress in Measuring Water Impingement Characteristics on Aircraft
Surfaces,” AIAA-98-0488, January 1998.

E-9



128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Politovich, Marcia K., “Aircraft Icing Caused by Large Supercooled Droplets,” J Appl
Meteorology, Vol. 28, No. 9, September 1989, pp. 856-868.

Politovich, Marcia K., “Response of a Research Aircraft to Icing and Evaluation of
Severity Indices,” J. Aircraft, Vol. 33, No. 2, March-April 1996, pp. 291-297.

Potapczuk, Mark G., Al-Khalil, Kamel, M., and Velazquez, Matthew T., “Ice Accretion
and Performance Degradation Calculations With LEWICE/NS,” AIAA-93-0173 and
NASA TM 105972, January 1993.

Potapczuk, Mark G. and Berkowitz, Brian M., “An Experimental Investigation of Multi-
Element Airfoil Ice Accretion and Resulting Performance Degradation,” AIAA-89-0752
and NASA TM 101441, January 1989.

Potapczuk, M.G. and Berkowitz, B.M., “Experimental Investigation of Multielement
Airfoil Ice Accretion and Resulting Performance Degradation,” J. Aircraft, Vol. 27,
No. 8, August 1990, pp. 679-691.

Potapczuk, M.G., Bragg, M.B., Kwon, O.J. and Sankar, L.N., “Simulation of Iced Wing
Aerodynamics,” Paper 7, AGARD CP-496, Effects of Adverse Weather on
Aerodynamics, Proceedings of the 68th AGARD Fluid Dynamics Panel Specialists
Meeting and NASA TM 104362, April-May 1991.

Preston, G.M. and Blackman, C.C., “Effects of Ice Formations on Airplane Performance
in Level Cruising Flight,” NACA TN 1598, May 1948.

Ranaudo, R.J., Batterson, J.G., Reehorst, A.L., Bond, T.H., and O’Mara, T.M., “Effects
of Horizontal Tail Ice on Longitudinal Aerodynamic Derivatives,” J. Aircraft, Vol. 28,
No. 3, March 1991, pp. 193-199.

Ratvasky, T.P. and Ranaudo, R.J., “Icing Effects on Aircraft Stability and Control
Determined From Flight Data,” AIAA-93-0398 and NASA TM 105977, January 1993.

Ratvasky, Thomas P. and Van Zante, Judith Foss, “In-Flight Aerodynamic Measurements
of an Iced Horizontal Tailplane,” AIAA-99-0638 and NASA TM-1999-208902, January
1999.

Reehorst, Andrew, Potapczuk, Mark, Ratvasky, Thomas, and Gile Laflin, Brenda, “Wind
Tunnel Measured Effects on a Twin-Engine Short-Haul Transport Caused by Simulated
Ice Accretions,” AIAA-96-0871 and NASA TM 107143, January 1996.

Reehorst, Andrew, Potapczuk, Mark, Ratvasky, Thomas, and Gile Laflin, Brenda, “Wind
Tunnel Measured Effects on a Twin-Engine Short-Haul Transport Caused by Simulated
Ice Accretions,” NASA TM 107419, May 1997.

Reehorst, A., Chung, J., Potapczuk, M., Choo, Y., Wright, W., and Langhals, T., “An
Experimental and Numerical Study of Icing Effects on the Performance and
Controllability of a Twin Engine Aircraft,” AIAA-99-0374, NASA TM-1999-208896,
and ICOMP-99-02, January 1999.

E-10



141.

142.
143.

144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Runyan, L.J., Zierten, T.A,, Hill, E.G., and Addy Jr., H.E., “Lewis Icing Research Tunnel
Test of the Aerodynamic Effects of Aircraft Ground Deicing/Ani-Icing Fluids,” NASA
TP 3238, August 1992.

Schlichting, H., Boundary-Layer Theory, 7th ed., McGraw-Hill, New York, 1979.

Schrenk, O., “Effect of Roughness on Properties of Airfoils,” NACA TM 375, August
1926. Translated from “Vorlaufige Mitteilungen der Aerodynamischen Versuchsanstalt
zu Gottingen,” No. 4, November 1925.

Scott, J.N. and Hankey, W.L., “Navier-Stokes Solutions of Flow Fields About Ice
Shapes,” presentation made at Aircraft Icing Workshop, NASA Lewis Research Center,
Cleveland, Ohio, 1987.

Shah, A.D., Patnoe, M.W., and Berg, E.L., “Droplet Size Distribution and Ice Shapes,”
AIAA-98-0487, January 1998.

Shaw, Robert J., Potapczuk, Mark G., and Bidwell, Colin S., “Predictions of Airfoil
Aerodynamic Performance Degradation Due to Icing,” NASA TM 101434, January
1989.

Shaw, R.J., Sotos, R.G., and Solano, F.R., “An Experimental Study of Airfoil Icing
Characteristics,” NASA TM 82790, January 1982.

Shin, J. “Characteristics of Surface Roughness Associated With Leading-Edge Ice
Accretion,” J. Aircraft, Vol. 33, No. 2, March—-April 1996, pp. 316-321.

Shin, Jaiwon, Berkowitz, Brian, Chen, Hsun, and Cebeci, Tuncer, “Prediction of Ice
Shapes and Their Effect on Airfoil Drag,” J. Aircraft, Vol. 31, No. 2., March-April 1994,
pp. 263-270.

Shin, Jaiwon and Bond, Thomas H., “Results of an Icing Test on a NACA 0012 Airfoil in
The NASA Lewis Icing Research Tunnel,” AlAA-92-0647 and NASA TM 105374,
January 1992.

Shin, Jaiwon and Bond, Thomas H., “Experimental and Computational Ice Shapes and
Resulting Drag Increase for a NACA 0012 Airfoil,” NASA TM 105743, January 1992.

Shin, J., Wilcox, P., Chin, V., and Sheldon, D., “Icing Test Results on an Advanced Two-
Dimensional High-Lift Multi-Element Airfoil,” AIAA-94-1869 and NASA TM 106620,
June 1994.

Sigal, A. and Danberg, J., “New Correlation of Roughness Density Effect on the
Turbulent Boundary Layer,” AIAA Journal, Vol. 28, No. 3, March 1990, pp. 554-556.

Simpson, R.L., “A Generalized Correlation of Roughness Density Effects on the
Turbulent Boundary Layer,” AIAA Journal, VVol. 11, No. 2, February 1973, pp. 242-244.

E-11



155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Smith, A.M.O. and Kaups, Kalle, “Aerodynamics of Surface Roughness and
Imperfections,” SAE Paper 680198, April 1968.

Spring, Samuel A., “An Experimental Mapping of the Flow Field Behind a Glaze Ice
Shape on a NACA 0012 Airfoil,” M.S. Thesis, Ohio State University, June 1987 and
NASA CR 180847, January 1988.

Strash, D.J. and Summa, J.M., “Development of a Three-Dimensional Flow Code
Package to Predict Performance and Stability of Aircraft With Leading-Edge Ice
Contamination,” NASA CR 198519 and AMI Report No. 9408, September 1996.

Tang, F.C., “Experimental Investigation of Heavy Rainfall Effect on a 2-D High-Lift
Airfoil,” Paper 17, AGARD CP-496, Effects of Adverse Weather on Aerodynamics,
Proceedings of the 68th AGARD Fluid Dynamics Panel Specialists Meeting, April-May
1991.

Teymourazov, R. and Kofman, V., “The Effect of Ice Accretion on the Wing and
Stabilizer on Aircraft Performance,” Interstate Aviation Committee, no date given.

Tezok, F., Brahimi, M.T., and Paraschiviou, I., “Investigation of the Physical Processes
Underlying the Ice Accretion Phenomena,” AIAA-98-0484, January 1998.

Tezok, F. and Kafyeke, F., “Classification of Wing Leading Edge Roughness,”
Proceedings of the 6th Aerodynamics Symposium, April 28-30, 1997, Toronto, Canada.

Thompson, Brian E. and Jang, Juneho, “Aerodynamic Efficiency of Wings in Rain,” J.
Aircraft, Vol. 33, No. 6, November-December 1996, pp. 1047-1053.

Thompson, B.E., Jang, J., and Dion, J.L., “Wing Performance in Moderate Rain,” J.
Aircraft, Vol. 32, No. 5, September-October 1995, pp. 1034-1039.

Thoren, R.L., “Icing Flight Tests on the Lockheed P2V,” ASME Paper No. 48-SA-41,
1948.

Trunov, O.K. and Ingelman-Sundberg, M., “On the Problem of Horizontal Tail Stall Due
to Ice,” Report JR-3, a joint report from the Swedish-Soviet Working Group on Flight
Safety, February 1985.

Valarezo, W.O., “Effects of Roughness on Aircraft Performance,” Ohio Aerospace
Institute Aircraft Icing Short Course, September 4, 1992, Brook Park, Ohio.

Valarezo, W.O., “Maximum Lift Degradation Due to Wing Upper Surface
Contamination,” Proceedings of the 1st Bombardier International Workshop on Aircraft
Icing/Boundary-Layer Stability and Transition, September 21-21, 1993, Montreal,
Canada, pp. 104-112.

Valarezo, Walter O. and Chin, Vincent D., “Method for the Prediction of Wing
Maximum Lift,” J. Aircraft, Vol. 31, No. 1, January-February 1994, pp. 103-1009.

E-12



169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

Valarezo, W.O., Lynch, F.T., and McGhee, R.J., “Aerodynamic Performance Effects Due
to Small Leading-Edge Ice (Roughness) on Wings and Tails,” J. Aircraft, Vol. 30, No. 6,
November-December 1993, pp. 807-812.

van Dam, C.P. and Holmes, B.J., “Boundary-Layer Transition Effects on Airplane
Stability and Control,” AIAA-86-2229, August 1986.

van Hengst, J., “Aerodynamic Effects of Ground De/Anti-Icing Fluids on Fokker 50 and
Fokker 100,” J. Aircraft, Vol. 30, No. 1, January-February 1993, pp. 35-40.

van Hengst, J. and Boer, J.N., “The Effect of Hoar-Frosted Wings on the Fokker 50
Take-Off Characteristics,” Paper 13, AGARD CP-496, Effects of Adverse Weather on
Aerodynamics, Proceedings of the 68th AGARD Fluid Dynamics Panel Specialists
Meeting, April-May 1991.

Van Zante, Judith Foss and Ratvasky, Thomas P., “Investigation of Dynamic Flight
Maneuvers With an Iced Tailplane,” AIAA-99-0371 and NASA TM-1999-208849,
January 1999.

von Glahn, Uwe H. and Gray, Vernon H., “Effect of Ice Formations on Section Drag of
Swept NACA 63a-009 Airfoil With Partial-Span Leading-Edge Slat for Various Modes
of Thermal Ice Protection,” NACA RME53J30, March 1954.

White, F., Viscous Fluid Flow, McGraw-Hill, New York, 1974.

Wickens, R.H. and Nguyen, V.D., “Wind Tunnel Investigation of a Wing-Propeller
Model Performance Degradation Due to Distributed Upper-Surface Roughness and
Leading-Edge Shape Modification,” Paper 11, AGARD CP-496, Effects of Adverse
Weather on Aerodynamics, Proceedings of the 68th AGARD Fluid Dynamics Panel
Specialists Meeting, April-May 1991.

Winkler, J.F. and Bragg, M.B., “Local Flow Field About Large Distributed Roughness in
the Initial Ice Accretion Process,” AIAA-96-0868, January 1996.

Zaman, K.B.M.Q. and Potapczuk, M.G., “The Low Frequency Oscillation in the Flow
Over a NACA 0012 Airfoil With an Iced Leading Edge,” NASA TM 102018, June 1989.

Zierten, Thomas A. and Hill, E.G., “Effects of Wing Simulated Ground Frost on Aircraft
Performance,” von Karman Institute for Fluid Dynamics Lecture Series, Influence of
Environmental Factors on Aircraft Wing Performance, Brussels, Belgium, February 16-
19, 1987.

Zierten, Thomas A. and Hill, E.G., “Wind Tunnel Investigation of the Aerodynamic
Effects of Aircraft Ground Deicing/Anti-Icing Fluids and Criteria for Aerodynamic
Acceptance,” Paper 19, AGARD CP-496, Effects of Adverse Weather on Aerodynamics,
Proceedings of the 68th AGARD Fluid Dynamics Panel Specialists Meeting, April-May
1991.

E-13/E-14



APPENDIX FUO SUMMARY OF PUBLISHED STUDIES

uo1193s
Buim 1odsuen Je1osswwod ()

uonoas Buim 1af ssauisng (1) /66T ‘€¢y/0T| UOP|3YS pue
D SAD pJoya-ui [suuny yolessey N1 VSVN pue ‘Ynzadeiod
D SAPD 901 aze|b ‘awll| -9 ‘uawa|a-a|buls ‘1damsun Bu1o] sime1 WYSVYN v/10-.6-VVIV ‘Appv| g
DsA%D SI3ANS pue
1DsAP) ‘jyoyusoq
0 SAD Wby 6T UOA
o SA 1D ssauybnou S[104118 YOWN SNOLIBA sjauun puim|  ‘pz8 1 VOVN| ‘(eJ)) noqay| ¢
DAY
D sAPD 6G6T ‘suonealjgqnd| Joyusoq UoA
D sAYD (geT d JanoQ ‘suoidas pue
DSAID ssauybnol S|10J1Ie \YOWN ShoLieA| 38s) 1417 A8jbue] wvOvN Buip jo Aioayy| (es)) noqav| ¢
9y SA POy diysire uomv,, 2e6T
3y sAPD| sabepuadde pue saoueiagniold Jeakpooo JO |apow 8]eds Alsus@-s|gelieA VOVN ‘TS 41 VOVN| (ea)) noqav| ¢
[1o411e SIABQ }014)-%¢2 (€)
2ei-(€22)59 YOVN (2)
2ev-(02v)€9 VOWN (T) lauin
1DsAPD SUOIILI0] 8SIM-PIOYD SNOLIEA pJoyd| [auun_ ainssald adus|nginy Y¥6T ‘TZHY1| pue (jueld)
‘0 SA 1D 1e pue abpa Buipes| e ssauybnol| U-g ‘uswa|a-a|buls ‘1damsun -M07 A9|Bue] WOWN| 'ON 4OV VOVN noqay| I
ereq uoleuIweu0) ERIY Aljioe4 32IN0S sloyiny "ON
90UBWIO0JIad 0oy ‘Joy

S3IANLS d3HSITdNd 40 AYVININNS 'T-4 319V L

F-1



094 pue

sa1pnis Bulyse|ds 686T| ‘Ysnquaxaend
auou ures Aneay VN -19|doJp yum [eonAjeue| ‘z¢818T YO VSVN ‘uluelg 14}
(uswa|a
-ynw) “Biyuod Buipue| (z)
(uswa|a
-916uis) ‘B1yu09 asin1g (1)
uonaas Buim 0Tz-79| Au|ioed solweuAq BuipueT 066T
D sA'D ures Aneay|  WOWN pJoyo-y-0t idamsun|  yesody Asjbue] VSYN|  ‘'9810-06-VYVIV sozed| TT
QE__Q w_NN_t_U 182-8/2 QQ
Jo a1ey u1 abuey) Buizaaly yum aseyd-paxiw 611" L66T ‘€ "OU ‘Y€ "[OA Z)MIeN
Pov ‘801 pnojd ‘a|zz1ip Buizasiy Iy Bury] Jadng yeaoydsag|  ul iy Bury BuiwoApn N ‘Yeaddly ‘| pue uspuaysy 6
b sAd/ ssauybnod ‘dens
D SA YD -jeds ‘suonalode 991 utes Buizaaly T16-S06 dd ZIIMJR|A
IDsAP) pue 8jzz1ip ‘pnojd paldipa.d 2T0£Z WOVN pioyd [auuny|‘866T ‘9 "OU ‘GE "JOA| pue ‘Biagpul]
DSAD -321M3T 40 suonenwis| -ui-g Wawaja-ajbuls ‘idamsun paads-mo| BulwoAm ‘N ‘Yedody | ‘uspusysy 8
3IX0H
0 S$AU3| 351Mm31 Aq paroipaid sadeys 801 9¥0T-0v0Tdd| pue ‘Zumie
0 SAPOV|  enpisal 100g-onewsaud pue uel ZT0£Z YOVN pJoyd [auuny|‘'966T ‘9 "OU ‘EE "JOA ‘Bragpui
IOv| Buizesly ‘ajzzup Buizealy ‘azelf| -ui-g Jusws|e-a)buls ‘ydamsun paads-mo| BulwoApn ‘N ‘Yesolly ‘¢ ‘Uspusysy /
eleg UoIRUIWEIUOD I9poIN Aupoe4 92In0S sloyiny "ON
90UBWIOLIad 048y gEN|

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-2



9/X sA %

D s "D 700VS9 VOVN [suun_L PuIpn 1041
Pasn'D GTZ-¥9 VOVN|  dluosuel] zzx9 NSO (2) 86T
L2 Ye) 821 aWu £TYVS9 VOVN [eankjeue (T)| '66559T ¥O VSVN pbeig| 12
D SAPOY
Jamodasioy
SA paads.ie
20y uaads pue
uo Buial Jo 1998 SaweIpIR BENESTED)
PHsaly Buiar wyBiy-ur| Buim-Arelol pue -paxiy snoeA|  (erep paysiignd Jo AsAIns)| ¥96T ‘7-SAV-VV4 ‘uspmog 0z
awn sa oy
awn sa Yoy
awn sAPoy 9/S SNOLIRA
I3 sA pue awn SAPD|  Je sigjiods ‘91 azelb pue awil 1700 VOVN 9567
bsSAlD ‘1004 211ewnNaud woJj jenpisal JuawWiaje-a|Buis ‘1damsun 141 SIMeTVSYN|  ‘795€ N1 VOVN uspmog 6T
awn
YUM "S|J809 1SNyl uonig pue
pue Y1 ut abueyd 0667 ‘Wnio4 SHY|  ‘Buiwwsld
11802 anbio) pue Yi| 991 awl pue aze|b 1JeJ210104 141SIMeT WSVYN|  Y19¢ au Jo "d0.d ‘puog 8T
oGT e Jefs pue 8T e deyy (2)
(-8T) Auo deyy (1)
, Buim gz-4 [auUnNIPUIAN
P SA U Ppy 19504 JO UOI28S $S0.0 Ueds paads moT (YN) €661 1sBusH
o SA I ssauybnou panquIsip|  -%09 ‘pJoyd-w-g° ‘ydamsun aoedsoJay | 1eN yoing ‘8200-£6-VYVIV/| Uen pue Jsog 9T
vleq uoIRUIWEILOD BTN Aupoe4 92In0S sloyiny "ON
aoueW.Io)lad 0JaY JEN

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-3



“Juswiow
abuiy yeioure
UO 103449 Pare|nafed

0 SA D 66¢-.8¢ dd
Posnlp Suonedoj| ¢T00 VOVN (Z€6T 'ovr UL ‘'966T ‘Il ‘T8/96
0 SA 1D SnoLJeA Je sadueiagniold swis|e-a1buls ‘1demsun| ‘sqoder AQ SINSal SMaINBI) -dv/vVv4/10d pbeig 12
“Juswiow
abuiy yeaoure
U S193449 pale|naes
psAYD
Posnlp Suoleao| ¢T00 VOVN (Ze6T ‘o UL 966T
DSAID SnoLIeA Je saouelagniold Juswa|a-31Buis 1damsun| ‘sqodaer AQ S1 NSl SMalAal) ‘2£60-96-YVIV Bbeig 9z
(2) = (1) uo
(T100°=97¥) Jadedpues 116-9¢ (i)
(2) = (1) uo (25000'=97)
sa|1y04d A1100]9A Jadedpues 1116-09 (g)
0 SA EQ AE_w
0 SAPD [eronne) azejb 301M31 (2)
0sAlD (uonenuis ¢T00 VOVN [auun} puim €667
/X sA% [e1o1e) azejb 11 (T) Juawiaja-a]buls ydemsun|  a1uosgns Y-G X Y-€ NSO| ‘200T6T ¥ VSVYN pbeig| sz
(@ 7= (1)
uo
(TT00'=9/) Jadedpues 1116-9¢ (€)
0 SA EO AE_m
DSAPD|  eroyiue) azelb 30IM3T (2) 58-6v8
0 SA 1D (uonenuis 2700 VOVN [auun) puIm dd 'gg6T ‘6 "ou
9/X SA 99 [e1oiye) azelb 141 (1) Juswa|a-3Buis ‘1damsun 21U0SgNS Y-G X Y-€ NSO| ‘GZ "|OA ‘Yelouy ¢ Bbeig vz
(quawisburdwi
19|doup T1S-
uo Answoab |1opie Gos dd ‘¢86T ‘2 "ou
10 109)49 Jo Apnis) (Apnis juawabuidwi 181doup) SNoLIeA |[eanAjeue| ‘Tz JOA ‘Yedodly ‘¢ fbe.g 22
ereq uoljeulweIu0) BTN ANj1oe4 92IN0S sloyiny "ON
90UBWIO0LIad 0oy ‘Joy

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-4



sadeys
yroows uo ssauybnod ‘wis (g)
spinow B Aeads J1a1doaijay

PosAD uo paseq sadeys [elouie (z) [auuny 18-9/ dd 39
0 SAPD suo118100e 1| U0 STYVEY YOVN| dluosues) ul-G9 suApini4 (2)|'986T ‘T "0u ‘€ “JOA|pue 106819
b sA 1D paseq aze|b pue swil [eidie (T) ‘aws|a-a]buls ‘idamsun 141 SIMe1 WSYN (T) ‘wesodiy ¢ ‘6beig €e
ssauybnou
PIs VOVN
SA UW'PH ssauyBnol
PIS VOVN SA 419
o SA*U1D (sa1pms (sa1pms snoinsid
PO sA'D|  snoinsid smeinal Jaded) 108sul smalnal Jaded) snoLren (sarpnis snoinaud 686T Ma106019
b SAID| ‘901 aze)B ‘ures 1soly ‘ssauybnol ‘quawa|e-ajbuls ‘ydamsun smalnal Jaded) snoliea ‘6702-68-VYV IV pue Hbelg z€
sa|io.d Jaysues)
-Jeay a2ua|ngJn}
Wealls-9al) JO 1083
POsAID ybiy ww G20 azusH
DSAID (2) ‘yby ww g0 (1) :sadeys pue ‘997
Aousmwaiul|  [eausydsiway Jo sazis om) Buisn 2700 VOVN [auun] puim 966T| ‘sBulwuwn)d
pue Alisusjul ‘gdny|  ssauybnos paIngLiIsIp parejnwis wawa|e-a1buls idamsun|  21UOSNS Y- X Y-€ DNIN ‘9980-96-VYVIV ‘bbeig| oF
b sAY)
0 SAPD uonaiooe 2700 VOVN [auuny puIm 986T J8U10D
b sA'D[azelb 1 ¥| Bunenwis 891 [e1o1pIe wawa|e-a1buls ‘idamsun a1uosgns Y-G X Y-€ NSO ‘¥8%70-98-VVIV pue bbeig| 62
b sAY)
0 SAPD uonaiooe 2700 VOVN [auuny puIm G86T J18U10D
b sA'D[azelb 1 ¥| Bunenwis 891 [e1o1pIe wawa|e-a1Buls ‘idamsun a1uosgns Y-G X Y- NSO ‘60%70-S8-VVIV pue bbeig| 8z
eleg uoIBUILEBIUOD I9poIN Aupoe4 92In0S sloyiny "ON
90UBWIOLIad 048y gEN|

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-5



1Snopepoy

S311190]9A uo118199e 321-3Ze|6 2700 WOWN luswaje [auun} puim £66T pue
[e20] painseaw-AQT 141 Bunepnwis 391 [e1oiyiue -91Buis ‘1dams pue 1demsun|  a1uosans Y- X U-£ DNIN ‘00£0-£6-YVIV|‘0yia)y ‘Bbeig 8¢e
ubiy
Wi GE'0 S)UBWaId panquisip (z)
‘ybry ww g0 sbuiwwng
Aouaniwiaiul pue| siuswiaja [eauaydsiway abuls (T) 2700 VOVN [auuny puIMm G66T pue
A11suaqul a2usIngim :ssauybnou parejnwis ‘quawaja-ajbuls 1damsun|  a1uosqgns Y- X U-€ dNIN ‘'9£50-S6-VYVIV|‘0yia)y ‘bBbeig 1€
ssauybnod sBulwwngd
slajawrered 901 a1e|NWIS 01 SJUBWSId 2700 VOVN [auuny puIMm ¥66T pue
Jake|-Arepunog| ssauybnod [earisydsiway pare|osl Juswa|a-a1buis 9damsun|  a1UOSQNS Y- X Y- DNIN ‘0080-76-YVIV| ‘0yiay ‘Bbeig ¢
93U
6LET-CLET| Pue ‘0ZateleA
PO sAD aoeLIns l1oj1e Lodsuely Y1 dd ‘y66T ‘9 "ou ‘YouuleH
bsAlD ainssaid uo 1504y parejnwis|  -ybiy [eanualadns ‘ydemsun 1d171 As|bue] WSWN/| ‘TE ‘|0A ‘Yedouly ¢ ‘Bbeig Ge
awiL asInid ()
aze|b asinio (g)
aw quipa (2)
DsA%D aze|6 quio (1) uoneInbipuod MeySs
0 sA POy 1991 palaldde asinJo ul paxiy dejy Z86T|pue Yaiobaio
0 SA1D -1 41 Jo suomenwis [elolide| YIM STHVE9 YOWN Jdamsun 141 SIM8T VSVYN '2860-28-VVIV ‘bbe.g 14>
eleg UoIRUIWEIUOD I9poIN Aupoe4 92In0S sloyiny "ON
90UBWIOLIad 048y gEN|

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-6



'ov [10441e U0 suomisod snotiea 2Tz-90z dd un
bsAlD 18 pue adeys pue azis SNOLIA 2700 VOVN [auun] puim /66T 'Z "ou| pue ‘uewAep
a/x sh % Jo safpam yum parejnwis adl wawa|e-a1buls ‘1damsun| paads-mo| allyspiojuiaH ‘N| ‘vE JoA ‘Welaaly r| ‘oploH ‘Aejed| o
me__Uq SA
XeWopy7 (UoKR|a1I02)
opf sn oy
(synsai
J11uah) B sA W)
1D sAPD 1667 ‘C Jaded
D SA'D|  saouelagniold ‘ssauybnol ‘1souy SnoLeA [auunl pum|  ‘96%-dQ AYVOV Aqunig| gy
D SAPOY
)R NW'e\v4
awn
yum ast anbio
suonaipald aouewJoyad Yyeaiolol
yum paledwod uo 391 Jo 198ya Bunoipaid Z66T
JusWIIadXxa b SAPD 301 1 Y| 1ri2.10]0l 01 yorolidde jeonAeue ‘8T¥0-26-VVIV uonug 4%
suonaipald aouewJoyad Yeaiolol
yum paledwod uo 391 Jo 19843 Bunoipaid T66T
(4adxa) o sA P 301 1 Y| 1ri2.10]0l 01 yoeoudde jeanAjeue| ‘9/0/8T HD VSVN uonug IN%
$3SSaUY2IY)
1uswade|dsip
pue Wwnuawow ‘|'q
‘2]qqnq uolyesedas ul L9vT-z9vT dd|  Bunds pue
sa|iyoid A1100]9A pue uo118129e 321-37¢e|6 [aUuUN] puIM|‘Z66T ‘9 "0U ‘0E "JoA| ‘Isnopepoyd]
uonngLisip ainssald 1M1 Bunenwis a1 [e1diyie ¢700 VOVN dluosgns -G X Y-€ NSO ‘leuanor vV ‘bbeg| oy
eleg UoIRUIWEIUOD I9poIN Aupoe4 92In0S sloyiny "ON
90UBWI0LI9d 043y 'Jad

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-7



ajel Uulel S ®Wigy

ajel urel sa *W'dp ures yum sozag
PHsnlD 1581 Y9RJ] ‘Uled YIIM |auuny 1667 ‘ST Jaded| pue ‘weyung
b sAD urel Aneay SnoLIeA| 21U0SONS Y ZZ X #T Asjbue]| ‘961-dD QHVOV ‘weyung 25
UoSIaN
pue ‘Anuso
POsnD 0T¢-¥9 VOVN G867 ‘s0zag
(' pare|naea) o sA 1D urel Juswaannw ‘1damsun w-/ X w- A3jbue] ‘8G20-S8-VYVIV ‘weyung 15
28y~ Ly dd
azIs ssauybno. (sa1pms (sa1pNs|‘eGeT ‘L "0ou ‘0z “JoA
SA 8y uonisuel | ssauybnol|  snoinaid Jo MaIABI) SNOLIBA| SnoiAald JO M3IABL) SNOLIBA ‘19 UoJay uapAiQ 0§
GT.-80L [eaA pue
paadsire Wby dd ‘¥86T ‘6 "ou|  ‘yalnoujod
SA quI19 JO del Buior ybigs-ui Iy Bury Jadng yeaoyosag|  ul iy Bury BulwoApA ‘N| ‘TZ oA ‘Yedady “r|‘pues ‘18dood 6%
15 sAP) 301 aze|b (se1pnms JeuoneINdwo :(sa1pnis /86T
('pareInores) o sA 'y ‘ssauybnos 821 pue 19asul ‘ured|  snoinald JO MaIASL) SNOLIBA| SNOIABAd JO MBIABI) SNOLIBA| ‘6€96/T ¥ VSVN 12909D| 8
eleq UoIRUIWEIUOD I9apoN Aupoe4 92In0S sloyiny "ON
90UBWI0LI9d 043y 'Jad

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-8



ueyI0d]

b SAED suonotpald 3OIMI T 5100 pue ‘UNWS
0 sAPD uo paseq dais [enpisal pue YU SJ9Z1[IgeIS [eluozLioy [suuNL PUIAA G66T ‘sulnin
D SA'D| awinl b1y Bunenwis 891 [e1oiyie|  1dams ‘ueds-yey ‘azis-|ny g paadS-MmoT NV Sexal ‘ISY0-S6-VVIV ‘uosnble4| /G
G'TT00
VOVN pue ape|g 1010y |lel
8G-HO ‘/-dA '60V-0SS ‘84
2T0TOS ‘8Y ¥60TIS ‘G60TIS Anjioed 1oy
D8 "D ‘2100 VOVN :SWloj ‘pioyd|  dluosuelL gz X 9 NSO (2)
‘351" UI-8€°9 01 -69°Z UM S[104J1e [3uunL puIm G86T| J8d1upaT pue
o sAlD 901 9ze|6 pue paxiw ‘awlil Juswaa-a1Buis 1damsun| Buio] peads-ybiH 4N (T)|  ‘0T6E ¥D VSVN Buiwws|4 9g
S3pe|q ployod-ul-88'y
Anoy ‘peay paje|noie Ajjny T66T ‘TSEVOT WL puog
YUM [3pow 82.10)-patamod (2) VSVN pue g Jaded| pue ‘uonug
awil ‘aze|b ‘10)0. |18} 8G-HO (T) LH1SIMaT VSYN|  '967-d0 Advov| ‘Bulwwsl4] &g
S3pe|q ployod-ul-88'y
awn Inoj ‘peay paje[naile Ajny uonug
SA "1909 anbi0) YU [3pow 82.0)-patamod (2) T66T pue ‘puog
awn sA oy awil ‘aze|b 110101 1€} 85-HO (T) 141 SIMa7 VSVYN '0990-T6-VVIV| ‘Bulwwsld| 5
D sAYD
0 sAYD 131UN02U3
Posaly dns woJy 921-dsis asimueds deyy ajdwis yam 9pod dzZNSN o7
D sAD ale|nwis 0] punoi-ialenb| [10jlie ZTOEZ YOWN 1damsun Buisn Apnis [eanAeue £600-66-VVIV pue uung eg
eleg UoIRUIWEIUOD I9poIN Aupoe4 92In0S sloyiny "ON
90UBWIOLIad 048y gEN|

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-9



Buipeo|
Buim sa paads
[[e1S Ul JuaWalou|

¢100 VOVN pIoyd

[auung]

8€6T

0 SA'D [enpisaJ 100q paje|nwis| Y-9 ‘Juswa|e-a]6uls ‘ydemsun PUIM 8]B3S-[INd VOVN| ‘262-1 dM VOVN ANND 99
b sAY)
D SAD
D sSAP)
awn sA "oy
awn sA 1oy ¥00VS9 VOVN 8G6T|  UUe|D UOA
awin sa Poy 901 aze|b ‘awil Juswa|a-3]Buis 1damsun 11 SIMTVSYN|  ‘SSTY NL VOVN pue Aeio 9
b SAPOY
uoIeIo|
‘gmoud sA POy SUONERIO|
by snolLJeA Je seouriagniold €G6T ‘2962 NL
‘qmiod s POy ‘(oequnl) d| [ewssyr woy ZT¢-159 YOVN VOVN pue 0TO€ST uye|9 UoA
3w sAP) [enpisal 1504} ‘891 aze|b ‘awil Juswaa-3]Buis 1damsun 11 SIMa VSVYN N VOVN pue Aeio €9
GT0-259 VOWN (S)
212159 VOWN (¥)
TT00 VOWN (€)
600VE9 VOWN (2)
SuoNIPUOd 700vS9 VOWN (T)
Buror yum s|1opre 7967
uonealiod Py Py 991 aze|b pue awLl Juswa|a-3Buis ‘1damsun 181 SIM3T WVSYN| '99T2-Ad N1 VYSVN Aelo 19
suonIpuod
Buior yum ¥00vS9 YOVN 8S6T
P9 JO UOIIR|3.I09 921 9ze|b pue awi JuawWiaje-a|Buis ‘1damsun 141 SIMeTVSYN|  ‘TISTY N1 VOVN Aelo 09
ereq uoljeulweIu0) BTN ANj1oe4 92IN0S sloyiny "ON
90UBWIO0LIad 0oy ‘Joy

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-10



(ybny) PosA 1D

5 sAP) Yyeialie Z1-uy (2) OMIUBA|
adeys 801 sA P uonaas buim §Tzv Bunsa1ybiys (2)| 226T ‘T-dr Modey| pue ‘Aounil
adeys 801 sA V19 921 8L pue aze|b -259 VOVN pJoyo-Ww-59°Q [aUUN] UBALIP dnoJs BuIopn ‘Basgpuns
D sAD [e101413Je '1S04) Jeoy pare|nwis ‘uswajannw ‘ydsmsun (1) -10108[B W-Z X -G°T (1) 19IA0S-USIPams -uewjabul 08
0€ 4vYd pIoyd-ut-9 (€)
'3 51 P Ty VOVN PIoyd-Ul-G (2)
D SAHD 2100 VOVN paoyd-ui-G (T)
DSAPD ‘S|1o041e |[auun] AJisuap 6T
b sAD ssauybnou Juswaa-3]Buis ‘1damsun -g|gelsen Asjbue] VSN ‘JS7 NL VOVN 19)00H 8/
Adv00¢-L€L
anjesaduwal sA o 40 |3pow JJey 8[2s-160°0 (€)
VYOV.8 1 uedsiwas
anjeladwiel sn 'Oy %S9 e |1ojIe AQV00Z
alinjeladwsal -/€/ pIoyo-y-G'T 1damsun (2) ve
S Nelv4 spiny yelole 1M1 sma7 wSYN (2)| -2 dd ‘66T ‘T "ou ualaIZ
ainjesadwia) sA Vi) Bural-nue pue Burdlep punoib AQVY00z-2€/ Butsog (T) W61 (T)] ‘0€ ‘10 ‘Yesddly ¢ PUeliH| ¥/
BSAPD
0 SA o17es Beip-01-Yi| [1op1e 47N 02T-M Jauuny G86T 10sseq
bsAD ures Aneay palejnwis| -/9-X4 UUBWILIOAA PJOYd-ul-g9|  paads-mo| U-T X U-T 1IN ‘0920-G8-VYVIV/| pue uewsueH 69
alel ulel SA ®*Wopyy
alel urel s ®Wigy
ajel urel sA POy
1DsAPD ssauyBno suonoas 2961 sJan
b SAID[  doepns Ag parejnwis ured Aaeay| Buim juswajsninw pue -a|6uls [eonAfeue| ‘G8895T ¥O VSVYN|  pue sauleH 19
ereq uoIRUIWEILOD BTN ANj1oe4 92IN0S sloyiny "ON
90UBWIO0LIad 0oy ‘Joy

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-11



sbuim
10} 28 "Jo) Wouy erep

(yeaodie
[In} Jo§) *O sA 1D
(yeaodie
[In} Joy) “3 sA 1D
(Wesoure (paynuap!
[N} Jog) PO sA 1D 10U [UUN}) S1Sa] [BUUN] yG-c dd
(Weasodre|  sj00q puiyaq ao1 parejnwis (2) puIM woJy erep ‘aoualiadxas| ‘06T ‘g "ou ‘g oA
1IN} 40}) 0 SA Q| abpa Buipes| uo 891 parejnuwis (T) paliuapI 10U Yelolre b1}y pue [BUUN] pUIM ‘19G UoJay ' uosuyor 08
21y VOVN (2)
'3 5APD 2100 VOVN (1)
o sAYD (sdins :S|1o41e [auuny AJIsuap €E6T uew.ays
b sAD ueds-jenJed) saouriagnioud Juswaa-3buis 1damsun|  -sjgerten Asjbue] wOVN ‘67 Y.L VOVN pue sqoaer ¥8
(1auunm
AlIsuap-a|gerien [auuny AJIsuap Z2S6T| (ed)) noqqv
J0 uond1asap) VN VN| -9|qeueA Asjbue] vOVN|  '9Ty Y1 VOVN| puesqooer| €8
b sAY)
o sAPD 2100 VOVN |auun Ansusp €e6T
b sAD|  (sdins ueds-jny) seouriagniold Juswa|a-a1buis 1damsun|  -sjgerten Asjbue] vOVN ‘o 41 VOVN sgooer 28
sapow Buneiado
Sdl ¥ 10} 831 8j9AdsRUI (2)
0 SA 1D ain|1ey Sd| 4oy 991 azeb (1) (s159) 0J3€) [3UUN)
b sAYD :81e|nwiIs 0} ssauybnou pum 13s70NIN (2)
D sAPD INoYIM pue yum sbuioely | 4| (s1591 UONBIIIR 666T Bbeig
0 SA!D|  woyy sadeys paydesBoyn-0a1als [1opre 44 Ty0-(T)4IN| -991) LY SIMaT VSYN (T)|  '€/€0-66-VVIV| Pueuosxoer| 18
eleg UoIRUIWEIUOD I9poIN Aupoe4 92In0S sloyiny "ON
90UBWIOLIad 048y gEN|

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-12



/0/T-£0/.7 dd

sa1j0.4d A119019A Jauun] puim uinal|‘ge6T ‘L "ou ‘0E “JoA UAsAime]
Jake|-Arepunoq 15044 [eJnjeu ae|d ey -pasojo W-9/°0 X -15°0 ‘reuanor wvIv pue puryi| TOT
a0urISIp JJ0axe]
(pandwiod) o sA "D 94 (q) 0/-29 dd
(pendwod) b sn ' 2172 YOVN (8) suonyeindwiod (2)|‘266T ‘2 "0u ‘8E “|OA
sa|150.4d A110019A :Jo suonoas a-z (2) «Jauuny ‘[euanor adeds uAsAimeT]
19 :painseaw 1504} [ednjeu aeyd ey (1) puim paads-moj e,, (T) pue uoJay ued pue pursi| 00T
aourISIp JJ0axe]
(pandwod) o sAPH M99 (q)
(paindwiod) o s 1) 272 VOVWN (B) suoneindwod ()
sa|150.4d A1120[9A :Jo suonoas a-z (2) «Jauuny 166T ‘g Jaded uAsAimeT]
‘1'q_:painseaw 1504} Jednjeu ajerd reyy (1) puim paads-mo e, (T)| ‘96¥-d0 QYVOV pue pury 66
D sAYD
b sAY)
0 SAPD suloy aze|B| .0 e dey yum 4¢TH0-(T)47IN [auun) puim 666T fbeig
b SAD  ayeinwis 01 sadeys [ealNBWORH pJoyd-ul-gT ‘idamsun|  21uosgns Y- X Y-€ ONIN|  ‘0STE0-66-VVIV pue wiy| 36
(Apmis 2700 VOVN 886T
UOIeZI[ensIA Mojd) 991 9ze|6 parejnwis 1uaWia|e-aBuls ‘idamsun| [auuNn puim a1uosans NSO| ‘9v808T ¥ YIVN| 1snopepoyd] 26
vleq uoljeulweIu0) BTN ANj1oe4 92In0S sloyiny "ON
aoueW.Io)lad 0JaY JEN

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-13



D SAID

99D
ay sA V1o [10J41R JUBWI3[3INW 166T ‘2T Jaded| pue ‘ozaree
9P SA I ssauybnos abpa-Buipes| pue -316uis 1damsun 1d171 As1bue] WSVN| ‘967-dD A¥VOV ‘Youk| vIT
(918 ‘Buippays
‘uoljeIqIA) paqLIasap 8561 Subjiad
SUOITeAIssqo 1611} U1 s18unooud Bulol diysite z-9d7 Wby ‘0zzy N1 VOVN puesimeT| ZTT
(uonewixoidde)
8T00 YOWN p4oya| ajo1yan buinow 01 payoeie £86T SsauleH
bsAlD urel Aneay| -ul-GT ‘swala-a)buls ‘1damsn Buim pue 611 Aeads-1a1em ‘G/20-£8-VVIV puesina| TTT
uonaajjep dejy sa 'y
D sAYD o7
D sAYD suoneindwod (2) pue ‘6beig
PO sAD deyy ajdwis yum gZToce |auun) puIm 1uosgns 866T ‘DoegIng
L% days ueds-|Iny|  WYOVN payipow ‘ydamsun Y-y XY-£0NIN(T)]  '06¥0-86-VVIV| ‘uung ‘88| OTT
paads.ie sA 1snIy)
PosAD
uonds|ep 4/€€1 191SeWAxS
dejy sa paads |eis Jadns ogun] eussa) (2)
paads sA dHG MOTZL (801 J0 $108448 BYRWINSS T/6T
qui|o Jo el 391 aze|B6| uouNuUa) oginy eussa) (T)| 01 poyrsw e Buish sisAjeur)| ‘v6£0T . Jaded IS uew29| 80T
vleq UoIRUIWEIUOD BTN ANj1oe4 92In0S sloyiny "ON
aoueW.Io)lad 0JaY JEN

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-14



SSaUNIIY}

19 Yum ssoj

11| JO UOIIR|34I02
iod Bunuels

wie|JeeH Jo a1nlisuj

ssauybnol sA 1oy GT0-2€9 VOVN PpJoyo-w|  [ediuyosikjod ays 1e jguun T66T| SI3X|OA pue
0 SAD ssauybnoJ painquIsIp| -¥z°0 Juswia|e-abuls ‘1demsun|  dooj-pasold W-z'T X -#8°0 ‘SPY0-T6-VVIV| NubpPeqoo| veT
(wawdojanap
uonJo9e Jo sainjaid ¢T00 VOVN 9861 I3 [eM\
uonow dn-aso|9) 901 aze|b Juswa|a-3Buis 1damsun 141 SIMaT VSYN| ‘v8T/28 INL VSVN pue uas|O| €21
¢1700 VOVN ¥86T| UOMAN pue
sia1awe.ed 1581 SA PO 991 aze|b pue awLl Juswa|a-3Buis 1damsun 141 SIMeT WSYN| ‘95668 N1 VSVN| ‘Meys ‘uss|o| 2zt
EEVNI
391 aze|b pare|nwis /86T pue ‘sLiis4
8y SA 1) 1S0.} paje|nwis| [104J1e Juswiajan|nw ‘ydamsun 1d17A8jBue vSYN| ‘'GZT68 INL VSVN ‘uefloN| 02T
b SAPOY
POsA1D 861 fbeig
bsAD Juswiabuldwi 10asul SnoLIeA M3IN3I [eoNAJeue ‘0/TZ-¥8-VYVIV| pueysaien| 91T
eleq uoljeulweIu0) BT ANj1oe4 92.n0S sioyiny "ON
90UBWI0LI9d 043y 'Jad

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-15



awn pue o sA“D 169-6,9 dd|  zumoxiag
swif} pue b AP uonoss Buim AQV 002-LEL ‘0667 '8 "Ou pue
aw pue b sa 'y 901 9ze|6 pue paxiw ‘awl| Bulsog uswsaninw ‘ydamsun 11 SIMaT WSVYN| ‘22 oA ‘Uedady ' ynzadelod| Z€I
swify pue o sA 9 686T|  ZIMOdIRg
swin pue o sA D uonoss Buim AQV 002-2£L ‘TYYTOT INL VSVN pue
awn pue v sA'9 901 aze|b pue paxiw ‘swii| Bulsog uswajannw ‘dsmsun 1] SIMa VSVYN| pue 25/0-68-VYVIV ynzodelod| TEI
(¥86T ‘955€8
INL VSVN ‘UomaN zoanbze|ap
pue ‘Meys ‘uss|O €66T pue
Uim uostredwod) 2700 VOVN ‘2.650T INL VSYN|  ‘Ieud-Iv
dway sa P 901 aze|b pue paxiw ‘swli Juswaa-a1Buis 1damsun| suonenaed SN/3IJIMIT| pue £210-6-VVIV| Snzodelod| O0€T
uoIe|NWNIJe
[enuajod
‘AAN ‘dwis)
‘DM SA D08V
uole|nwnaoe
[enusod ‘AN
‘dwsay ‘“OMTSAPD /62-T6¢ dd
uone|nwnade ‘aAIN a-s pue aze|b Wb ‘966T ‘C "Ou
‘dwsal ‘OMmIsA D ‘awiL Buipnjour ‘buldl [elnjeu Iy Buryy Jadng yeioyossg ur iy Bury] BulwoApn N[ ‘€€ "1oA ‘yeaoay ¢ yalnoujod| 62t
9/X SA %
D SAHD SI10pIE TT00 uueW}|3S pue
D SAPD VOVN pJoya-ui-iZ pue -ul Jauuny puim paads 666T ‘Uelesue|y
bsAD slajlods ueds-||ny| -zT ‘usawa|a-a|buls ‘1damsun| -moj [eLIOWSIA Ydaag NSM ‘'9600-66-YVIV| ‘spepeded| Gzt
vleq uoljeulweIu0) BTN ANj1oe4 92IN0S sloyiny "ON
aoueW.Io)lad 0JaY JEN

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-16



paads sA Juswow
abuly Jorens|s
paads sA
uo1193}43p 101eA3|3

666T ‘20680¢C

paads sA 1D [1e} uonaIooe 991 aze|h [1e} Wby -666T-WLVSVYN|  8lueZ UeA
solweuAp yesolre Bunyenuis sadeys 8ol [e1011e| [EJUOZIIOY JONO UIM L 9-DHA| Ul J8NO UIM ] SIM8T WYSYN| PUe 8£90-66-YVIV/| pue Aysenley| /€T
€66T
s1eyeuwreled uonaId9e 321 aze|b |1e] [eD11IaA pue wWbI|‘22650T INL VSVN opneuey
[01u00 pue Aljiqels Bunyenuis sadeys 8ol [e1011e| [EJUOZIIOY JONO UM L 9-DHA| Ul 1810 UIM ] SIM8T WYSYN| PUB 86€0-E£6-VVIV/| pue AYsenley| 9gT
paads SA aAIIRALIBP
1U3191JJ909 eIRIN.O
juswow Buiyond pue ‘puog
paads SA aAIlRALIBP 66T-£6T dd ‘1s10ysay
1U3191JJ909 uonaIdde 321 aze|b [1e1 Wb ‘I66T ‘€ ou ‘uosianeg
90J0J [eoiaA|  Bumenwis sadeys ad1 [eldIe| [RIUOZIIOY B0 UIM] 9-DHA| Ul JaNO UIM L SIMaT] WSWN| ‘82 ‘oA ‘yedady C ‘opneuey| GeT
asealoul
Beip ‘aouejequn saoeINs pajaalosdun
Jajjadoud ‘sso| asiw pue ‘sbuljmod aulbus 6114 8Y6T uewoe|g
Aousioiys Jsjjadold 991 aze|b pue paxiw ‘swu| ‘abeuuadwsa ‘sbuim ‘siajjadoid|  ur auejdiie sulbus-uimy,,|  ‘86GT NL VOVN| Ppue uoisald| vET
T66T ‘29EV0T INL| Jexqjues pue
uonisod ueds sa 19 2700 WOWN Uuswsaa| [auuny puim a1uosgns NSO| WSYN pue 2 Jaded| ‘uomyy ‘Bbeig
9/X SA 9y 991 aze|b [e1ole -a]Buis 1dams pue 1damsun ‘JaA]0S MOJd SN AE|  ‘967-dD AdVvOV| nzodelod| €£T
ereq uoljeulweIu0) BTN Aljioe4 92IN0S sloyiny "ON
90UBWIO0LIad 0oy ‘Joy

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-17



(Auo ais pJoyo w-9y°z 8p00 I0IMIT 866T Biag pue
sadeys 901 pajoIpaid)|  woiy 321 aze|b pue paxiw ‘Wl ‘Buim 1odsuen 1a[ [ea1df yum suoneindwod ‘1870-86-VYVIV| ‘aouled ‘yeys| SvT
abpa Burpren Jeau (9)
pJoyd piw Jeau (g)
9’1 Jeau (1)
spueq ww-Qf ul
pue"qLISIP ‘89eLINS UOIINS UO (£)
a%eyns aunssaid uo (z)
a%eyns alnus uo (1) 9Z6T
Posaly azneb alim-uoJl Ww-5'Q «67¥ "ON 8|1404d,, Buim umouyun|  ‘G/€ N1 VOVN NUBIYdS| EvT
sJa1awesed
aouewlopiad Yeiole
siajaLesed AQV002-L€.
181 SA POV pue P95 4O |3pouw JJey 3eds-160° (2)
pIniy sh “ov sdeyy
slajawrered 1531 SA 1D INOYUM pue ylm ‘uedsiwas Appy pue
siejaweed spiny %G9 18 |10J41e AQV002 266T| ‘II'H ‘usuaIZ
sA*®Wioy pue 19| Buror-nue pue Burorep punoibl| -/g/ pJoyo-y-g'T 1damsun (1) L1 SIMaTVSYN|  '8€2€ d.L VSVYN ‘ueAuny| TT
Buim Buoje
O]} JO UOIBZI[BNSIA unge
PO sAD sBuIm Juswis|a-NnINW Y1m pue ‘AyseArey
0 sAYD uo118129e 321 aze|h YeJalre Lodsuely o1uosgns Jauun] 21uosgns 166T| “nzaodeilod
D SA'D|  Bunenwis sadeys 821 [e1o1y1e auibus-uIni a[eas-g/T| U-zz X -¥T As1bue] wSVN| ‘6T.0T WL VSVYN ‘1sloysad| 6ET
Buim Buoje
O]} JO UOIBZI[BNSIA une
PO sAD sBuim Juswis|e-NNW Y1m 966T| pue ‘Asenrey
0 sAYD uo118129e 321 aze|h YeJolre Lodsuely o1Uosqns Jauun] o1uosgns|‘syT/0T INL WSYN|  “nzadelod
D SA'D|  Bunenwis sadeys 821 [e1o1y1e auibus-uIni aJeas-g/T| U-zz X -¥T Asjbue] wSWVN| pue T/80-96-VVIV ‘Isloysad| 8€T
eleg UoIRUIWEIUOD I9poIN Aupoe4 92In0S sloyiny "ON
90UBWIOLIad 048y gEN|

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-18



141 Ul S)sel
Buial fenpiniput Joy
P35 10 Ajigeresdal

‘pasedwod ¢66T
Salpnis [elsnss ¢T00 YOWVN pioyd-ul ‘72.€50T WL VSVN puog
10} 0 SA PD Jfe ues|o 801 9ze|b pue swll|  -Tg Juswa|a-|buls ‘ydemsun 11 SIM8T VSVN| pue /¥90-26-VVIV pue ulys| 0StT
(WRS]
Ul SjusWwaINseaw
[786T '955€8
L] 1e18 ‘Uss|O
yum pasedwod [RENES)
ale suonaipaid 0/2-€9z dd|  pue‘uayd
8p0D) 'L SAPD ¢700 VOVN 741 '30IM3TT ‘¥66T ‘T "OU|  ‘ZUMOJag
ainuadwa) sA PD 901 aze|b pue awL Juswaa-3Buis ‘1damsun Buisn Apnis [eonAfeue| ‘TE JOA ‘UL [ ‘ulys|  evT
(Apms Tee-9Te dd
uonezisloeIeyd ZT00 VOVN ‘966T ‘Z "ou
ssauybnou) ssauybnod 921 [eniul Juswa|a-3Buis ‘1damsun 141 SIMaT VSWYN| ‘SE ‘|0A ‘Yelolly ulys| 8yt
0 SA POV STYV-°€9 YOWN ployo-w ¢86T| ouejos pue
awn Buiot sa Poy 891 9ze|b pue awl| -¢'T Juswa|a-a|buls ‘Jdemsun 141 SIMa7 YSYN| ‘06228 INL WSVN| ‘S010S ‘Meys| /¢T
nsAQD [[lmpIg pue
D sAD ¢T00 VOVN 3pod 686T| “nzodelod
/X SA % 291 aze|b |elolyie Juswa|e-a|buls ‘ydamsun 141 ‘9p0d Azo¥V ‘1d1|'vE¥T0T INL VSVN ‘Meys| oyt
vleq uoljeulweIu0) BTN ANj1oe4 92In0S sloyiny "ON
90UBWI0LI9d 043y 'Jad

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-19



D SAPD

0 sA'D 801 2100 VOVN 8867
a/x sA 9| aze|B Bunenwis sadeys [erolyne 1uswaa-3Buis 1damsun| [auun] puim aluosans NSO| ‘27808T dD VSVN Bundg| 9gT
ssauybnol
0} anp asealoul
Belp pue Beip 896T sdney|
31e|n9[ed 01 SpoylawW ssauybnou VN [eanAfeue| ‘867089 Jaded Jvs pue yuws| GST
Wbiay ssauybnols
UM A1120j9A vve-zve dd
Jake|-Arepunoq ‘€/6T ‘20U ‘TT '|OA
JO uone|ali0d ssauybnou VN [eanAjeue ‘lreudnor vvIv uosdwis| ST
7667 uop|ays
/X SA % ‘02990T INL VSVN pue ‘ulyo
0 SA D 801 8ze|6 pue sWL| AN WaWa|dn|NW ‘ydamsun 141 SIM8T VSVN| PUe 698T-76-VVIV| XOOIM ‘UIYS| 26T
1d1/301M3T
alnyesadwa) 2T00 WOVN pioyo-ul Buisn suoneindwod (2) 266T puog
B0} SA PO 801 aze|b pue awl|  -Tg Juawsa|a-a|Buls ydemsun 11 SIMa7 VSN (T)|'€v2S0T INL YSVYN pue ulys| TST
eleg UoIRUIWEIUOD I9poIN Aupoe4 92In0S sloyiny "ON
90UBWIOLIad 048y gEN|

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-20



9y ‘b ‘uonosIap

(poyrew

18]S ‘UondB|sep uonaipalid) sisAjeue 60T-c0T dd
deyy ‘a)bue pue [auun) puim paads ‘¥66T ‘T ou uiyo
dej) sA W1y pue 19 auou| suoneinbijuod [10411e SNOLRA -MO| 4-G'8 X -G TT IVH| ‘TE '|0A ‘Yeaody | pue ozaselepA| 89T
Yyeualdie snoueA ()
9’| 2700 VOVN
‘wis yum (1) 19pow () Wb (€)
SSaUXIIY} LJauum
3901 8ze|6| %8 ym aueldjre) dsmsun (z) puim ysipams e,, (2)| S86T ‘€-dr Moday Biagpuns
8210 %211S QUswow pue 3WiJ JO SUOBJIIJ®. [auun} aue|d|ie; LJauun dnoio Bunjiopn -uewabul
abuiy pue 17| Buiol wouy 1sed sadeys [eroiel 60079 YOVN 1dams b (T)|  puim Buidriisinos e, ()| 18IAOS-USIpBMS|  pue Aoundl| S9T
0 sA oV 6€0T-v£0T dd uoig
0 sA POy sbuim paddin-1116 2Ty VOVN pJoyd [auun) puIm d1uosgns ‘G66T ‘G ou pue ‘Buer
D SAQY|  pue paddii-aiim ‘ueald uo ulel| -ui-9 ‘uswa|a-a|Buls ydamsun 100J-9 AQ -7 J3e|assuaY| ‘ZE “|oA ‘Yedony 'r|  ‘uosdwoyl| €91
b sA (Aip) Beap
Juswiow Aq papIAIp
(19m) Beappuswowl
2o sA (Aip) uswow
/M1 Ad papIAIp a|qenamuou (g)
(39m) JuaWow ‘Jured Yeuadre [e121awwon ()
A 0 sA (Kip) ‘a)qenam (T) €50T-/t0T dd
Beipai| Ag papialp BIUEINCEN ZTvy YOVN ployd [auun} puIm 21uo0sgns ‘966T ‘9 "OU Buer pue
(19m) Beap/yin 82BJINS SNOLIBA U0 Ulel| -Ul-9 ‘Juawa|a-a)Buls ‘idamsun 100J-9 AQ -7 Joe|assUaY| ‘€€ "|oA ‘Yeaody ‘| uosdwoyl| ZoT
I sA Yy 966T ‘80Y6
0 Apog sA D SIsAjeue 1oday [NV pue eLIWINS
0 Apog s ™D 01 Yesddle 00¢-2¢. 9|  8P0I MOJJ A-€ OUIAVSA| 6TS86T U VSVN pue ysens| /9T
eleg UoIRUIWEIUOD I9poIN Aupoe4 92In0S sloyiny "ON
90UBWIOLIad 048y gEN|

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-21



b s YD doud

§o)

SA 92J0J [ewJou doid
0 sasniyy doud

o sAYD Buim 01 payoene
Posaln 991 aze|b pue awl [e1olyie| ugjjadoisd pasamod ‘Isiawelp T66T ‘TT Joded uaAnbN
0 sA 1D ssauyBnos paynquisip -U-Z ‘Pape|g- pue sjjsoeu| (paqriosap Jou) [suun) puim| ‘967-dd AYVOV/| pue susyoIp| 9/T
uon99104d 331 [RWLIBYY YIIM
Buior urawn saPp 32I| |1041e 600-VEY VOVN pIoyd vS6T Aei pue
0 SA PO |xoequN ‘801 [enpisal ‘801 pajaJdde|  -1J-6'9 Juswajaninuw ‘1dams 141 sIMa1 YSYN| ‘0EreS3anNyg vOVN UYe|D UOA[  #.T
asuodsai yond yeloure ov-Ge dd
Sslul] JJoaxe)l sBuim| 00T 18>0 pue 0 Jaxpjo4 ‘€66T ‘T "OoU
b SAD[  spingy Buol-nue pue -ap punolh 00T 4204 pue Qg Jaxp o4 10 s1sa1 (Joaxel) ybid| ‘og oA ‘yesodiy '¢|  1sBusH ueA| T.T
“Jeyo ‘qers
a1wreuAp ‘pnibuol
S11S1I819R.IRYD
|0.11u09-yod
b sAY)
bsAlD uonisuei} Jo UoIeI0| sisAjeue pue (sBuim 4 N) 086T SOW|OH
Py salD YlIM S]|nsal 8]e[aliod :auou Ss|lo1e 47N snhourea| yBips ul Yeaore Ajjuobeiq '6222-98-YVIV| pue weq uen| 0T
P SA IBSpyy
P SAD ltopre
0 s7 4 awsaye-sjburs e} a-¢ (2) Z18-208 dd 93y
o sA gy [loyi1e 9poo gl ‘e66T ‘9 '0U|  pue ‘YoukT]
3y SA®V10p|  ssauyBnos paangLIsSIp [e1dlIe|  Juswiafe-ninw ‘idemsun (1) pue T-4 VH43INO ‘1d17| ‘0€ "IoA ‘Yesdly ¢ ‘0zaleleA| 69T
vleq uoIRUIWEILOD BTN ANj1oe4 92In0S sloyiny "ON
aoueW.Io)lad 0JaY JEN

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-22



ainyesadwa) sa PD

VOV.8 e
ainesadwa) sA 1Dy
VOV.8 AQV00Z-LEL
1e ainjesaduwal sa 1D 40 |9pou JJey 31eas-160°0 (2)
alnjeadwa)l uedsiwas
S Naelv4 spiny %G9 1€ [104i1e AQY002Z 1667 ‘6T Joded 11H
ainjeadwsa) sA**15|  Buiol-pue pue furoiep punodb| -2¢/ pioyo-Yy-G'T idamsun (T) 1M1SIMaT VSYN|  ‘967-dD QdVOV| pue usualz| 08T
b sAY)
D sSAP)
0 S (Aluo 2100 S[1041e ZTO0| 8P0d SN Q-2 Yum sisAjeue 686T| nzodelod
dW SA'D|  WOWN U0) 391 azeb [ejolyie VOVN pue Z00T-(T)NY1 [auuny puIm paads-mol| ‘8T0Z0T INL VSYN| pue uewez| 8/T
ereq uoleuIweIu0D 19pON Aupoe4 82In0S sioyiny "ON
9Jduew.J0}iad OJoY Joy

(panunuod) S31IANLS AIHSITENd 40 AYVININNS 'T-4 319V1L

F-23/F-24



APPENDIX GU EFFECT OF GLAZE ON DRAG AND LIFT

T20  |S0-  [8000 |00 |S2T  |Z€L |1S0°0 |#00°0 | (deis Buioej-tess) ¥S un pue
‘UewAeN
. T- . . . : : : dwres sejnbuery, . :m_E
LT0 QT TT100 |00 ST 8'6 /.S0°0 |800°0 ( | 1) 48 01| zTz-90z dd 2661 OpIOH
920 S'T- 0T0'0 |00 Gl'T 8'¢- |.S0°0 |¥T0°0 (da1s Buroey-juoay) SS| 1°6€ ZT00 VOVN| pue g sainbiq|  ‘pg A ‘Yesoly ¢ ‘Aejed 14
G/00 |06
600 |69
. . (erep
1200 |V asau
0T00 [€¢C 10} p3
-uodal 9S61
S000 |00 10U)|#'TZ |S20°0 (9000 |lods yby-ui-z/1| +'28 TT00 VOVN| () 82 a4nbid| 'v95€ NL WOVN uspmog 6T
9T0'0 |€'6
¢100 |04
(evep
8000 |9V asay)
) ) 10} pa
9000 |¥'C ioday 9561
7000 |00 10U)|G°'62 |0S0°0 [£00°0 Jap1ods ybiy-ur-y/1, ¥°/8 TT00 VOVN| (e) 8z ainbi4| ‘$9G¢ N1 VOVN uspmog 6T
700 |[T'6
2c00 |02
(erep
¢100 9% asay}
. : 1o} pa
S000 [€¢C -nodal 9561
2000 |00 10U)|#'TZ |S20°0 |£00°0 1jlods ybiy-ui-y/1| +'28 TT00 VOVN| (B) 82 a4nbid| 'v95€ NL WOVN uspmog 6T
€900 |Z'6
8200 |69
(erep
100 |97 asay)
) ) 1o} pa
7000 |€2 | 4 0day 9561
_ 2000 |00 10U)|#'8  |0T0'0 |£00°0 1|1ods ybiy-ui-y/1| +'/8 TT00 VOVN| (B) 82 aInbld| 'v95€ N1 VOVN uspmog 6T
euiny | MO peap| i [0T'eM| <9 | x| oy uonduosaq ur uonduoasaq ‘ON 20UsIaeY sioyny | o
Ie by 9 :
3|gel IEN]
un Beiq 1o
eleq aduew.lopad aouelagniold oIy ainbig

(seauriagniold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-1



1000 |C'6
0000 |T'9
0000 |T'€ 600 = 9/
600 7 0000 |00 TE T'82 |S0°0 |000°0 | ‘gmoJd soepns-saddn|  0'g ¢100 VOVN 0T anbi4 €€6T Oy UL VOVN Sqooer;,  ¢8
8000 |€9
9000 |29
¢000  |C€
¥9'0 S'€ 0000 |T'0 T¢ 0 0 €100 &'| Je souesagmioud,  0°G ¢100 VOVN Z 3InB14|£€6T '9ry Y1 VOVN sqooer,  ¢8
G100 |26
€000 |¥'9
7000 |T'9
1000 |S°¢€
¢000 |8%¢
090 [ 1000 |¢0- T¢ 0 0 5000 '9'| e duesagmoud|  QO'§ 2100 VOVN Z aInbi4|€€6T 'Oy 1 VOVN sqooer|  ¢8
€000 |09
1000- |0€
10 TS 0000 |TO T¢ 0 0 2000 9’| e duesagmold| Q'S 2100 VOVN Z 2Inb14|€€6T 'Oy H1 VOVN sqooer|  ¢8
€000 |¢'6
1000 |09
1000 |T'€
LEO 1504 0000 |00 T¢ 0 0 1000 9’| e duesagmold| Q'S 2100 VOVN Z 2Inb14|€€6T 'Oy 1 VOVN sqooer|  ¢8
0000 |¢'6
0000 |T'9
0000 |T'€
120 1€ 0000 |00 1€ 0 0 0000 9| Je douesagnioud,  0°G ¢100 VOVN Z 3InB14|£E6T '9vy Y1 VOVN Sqoder;  ¢8
el Mec_w DIEPOV| oD | 0T | o8 | X | I uonduosaq ul uonduoseq "ON aoUBIaseY sioyny | oy
3 a|qel Joy
u feiq 0
eleq souewload 3oURJIaqNI0Id 11041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)
141I"T ANV 9Vvdd NO 321 3Z2V19 40 103443 '1-9 31avL

G-2



6910 |T'8
6€T0 |T'L
0¢10 |T9
0600 |2’
9900 |CV
TS00 |C€
0y0'0  |T'C
] ] LT00=9/5:0=

8200 |TT UIpIM aseq/snipes uioy S 666T pbeig

650 A 0c00 |TO 8T 0'07 |0900°0 |¥#¥0°0 | ‘uone|nwis uioy Jaddn| 8T 4Tr0-(T)4IN| pue ¥ saanfbi4 ‘0STE0-66-VVIV pue wiy 86
8600 |59
00’0 |€€ G0'0 = 9/X Ye "gqnioid

20T €9 8700 |00 T€ 1'8¢ |S00 €700 aoepns-yaddn| Q'S ¢T00 VOVN 0T anB14€€6T '9vy YL VOVN sqoder|  ¢8
GG00 |26
9¢00 [€9
€100 T G0'0 = 9/X Ye "gqnioud

69°0 I 9000 |T'0 T°e 182 1500 5000 aoeyIns-saddn 0's ¢T00 VOVN 0T anB14€E6T '9vy YL VOVN sqoder 8
LTO0  |v'6
0700 |29
G000 |T°€ G0'0 = 9/X Je "qmoid

o 1T €000 |T0 R 182 1500 2000 aoepns-iaddn| Q'S ¢T00 VOVN 0T anB14€€6T '9Vy YL VOVN sqoder|  ¢8
7000 |6
€000 |29
¢000 |T€ G0'0 = 9/X

120 Z1 10000 00 R 182 |500 T000 |1e "‘gmoud soepns-iaddn 0'S ¢T00 VOVN 0T 2InBI4|€€6T 'Ory YL VOVN Sqooer 4]

) Xewr| .
T cw DEPOV| D 0T o6 | X | 9Ny uonduosaq u uonduassq 'ON 9UaIaeY slopny | oN
Q) d|qelL Jod
| Beiq 1o
eleq 9OUBWIOMAd 8oueIBgMOId [10HIv 2o

((panunuo)) saouelagnold Buisn saipnis)
141I"T ANV 9Vvdd NO 321 3Z2V19 40 103443 '1-9 31avL

G-3



7700 28
¢10°0 'L
6000 29
7000 |2'S
€000 [TV
7000 |T€
L0000 |T°¢ .
— 0=9/5 '50=
£000 |17 IPIM 8seq/snipes uioy 666T Bbeig
€¢0 0¢ 9000 00 81 00 00000 |220°0 | -uonejnwis uloy Jaddn 8T 47T70-(T)4IN| 8 pue / sainbid| ‘0STE0-66-VVIV pue wry 86
€GT0 T8
€ET0 TL
L0T0 |29
7800 |C'S
6500 |V
900 |C€
9€00  |TT .
. : L10'0=9/s .G°0=
8200 |17 UIPIM aseq/snipel uioy 666T Bbeig
GG°0 T8 1200 TO 81 007 |0900°0 |#¥0°0 | -uonenuis uioy Jaddn 8T 47T70-(T)47IN| G pue ¢ sainbid| ‘0STE0-66-VVIV pue wry 86
T9T0 T8
orT'0 TL
¢1T°0 T9
G800 |C'S
¢900 [CV
Lv0°0 A
9€0°0 T7¢ .
- ] LT00=9/5.92°0 =
8200 |TT UIPIM aseq/snipel uioy 666T fbeig
LGS0 T8 0c00 T0 81 007 |0900°0 |#¥0°0 | -uolenuis uioy Jaddn 81 47T70-(T)47IN| G pue ¢ sainbid| ‘0STE0-66-VVIV pue wiy 86
el Mgc_w pEPOV| o0 0T .6 | Ix | 9N uonduossg u uonduassq 'ON CRIEICTEN sloyny | oN
9 3|geLl 19y
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-4



970 T8
9€T0 TL
STT0 T9
G800 |T'S
€900 [TV
8700 |T'€
LE00  |T°¢ ‘
: : ¥€00=9/5.0=
6¢00 |17 IPIM 8seq/snipes uioy o1 666T Bbeig
€90 28 1200 TO 81 009 |00Z0°0 |2Z0°0 | -uonenuis uioy Jaddn 8T 47T70-(T)4IN|  pue 6 sainbid| ‘0STE0-66-VVIV pue wry 86
€500 €8
LEO0 €L
9200 |29
0200 |¢'S
ST0°0 A%
¥10°0 T¢€
s100  |TC »
: : 0=9/5'60=
0o 17 UIPIM aseq/snipel uioy 666T Bbeig
G20 0v 6000 00 87T 00 00000 |290°0 | :uonejnwis uloy Jaddn 8T 47T70-(T)47IN| 8 pue / sainbid| ‘0STE0-66-VVIV pue wry 86
61700 €8
0€00 |€L
1200 |29
9100 |C'S
100 |2V
0700 T¢
¢10°0 T¢ .
— 0=9/5'0=
0700 |TT UIPIM aseq/snipel uioy 666T fbeig
9¢'0 04 8000 00 8T 00 00000 |¥¥0°0 | -uonejnwis uioy Jaddn 8T 47T70-(T)47IN| 8 pue / sainbid| ‘0STE0-66-VVIV pue wiy 86
el Mgc_w pEPOV| o0 0T .6 | Ix | 9N uonduossg u uonduassq 'ON CRIEICTEN sloyny | oN
9 3|geLl 19y
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-5



0000 |28
1000 |22
1000- |29
0000 [T'S
T000 [TV
€000 |T€
1000 T2 .
. . ¢10'0-=9/5.90=
1000 |17 YIPIM 8seq/snipes uloy 666T fbeig
100- 00 €000 |00 T 0'05- |S500°0 |220°0 | -uonejnuwis wioyJeddn| 87| 4¥T¥0-(T)47IN Zrainbid| ‘0STE0-66-VVIV| PpuewIy| 86
69T0 |0'S
0STO0 |0F
GET0 |0¢€
STT0 |0°¢ .
. . ¥€00=9/5.0=
9600 |TT IPIM 8seq/snipes uioy o1 666T Bbeig
¢6°0 44} ¢/00 |TO 8T 009 |0020°0 |/90°0 | ‘uone|nwis uloy Jaddn 8T 4vTr0-(T)4IN|  pue 6 sainfbid| ‘0STE0-66-VVIV pue Wi 86
8910 |0L
SST0 |09
1’0 |0'S
ZAN N %
00T0 |T€
L/00 |T°¢
0900 |TT ¥€0'0=9/5.0=
UIpIm aseq/snipel uioy 0T 666T fbeig
080 ¢ 0T 9%0°0 170 8T 0'09 |0020°0 |¥¥0'0 | suoneInwIs uloy Jaddn 8T 4vTv0-(T)4IN|  pue 6 sainbid| ‘0STE0-66-VVIV pue Wi 86
el Mgc_w pEPOV| o0 0T .6 | Ix | 9N uonduossg u uonduassq 'ON CRIEICTEN sloyny | oN
9 3|geLl 19y
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-6



06T°0 0'8
S9T°0 TL
8vT0 T9
6¢T°0 TS
¥0T'0 TV
6,00 T¢
¢90°0 T¢ .
: : ¥€0'0=9/5.90=
6v00 |TT UIPIM 8SBQ/SNIPEI UIoY vT 666T Bbeig
¢L0 ¢0T GE0'0 T0 8T 009 |0020°0 |¥¥0°0 | -uonenuwis uloy Jaddn 8T 47T70-(T)4IN| pue €T sainbid| ‘0STE0-66-VVIV pue wry 86
¢000- |28
T000- |2'L
0000 29
¢00°0 TS
€000 TV
9000 T¢
0100 T2 .
: : ¢10'0-=9/5.90=
€100 |07 UIPIM aseq/snipel uioy 666T Bbeig
¥T°0- T¢ 77100 00 T 0°0S- |S500°0 |/90°0 | -uonenuis uioy Jaddn 8T 47T70-(1)4IN Zr ainbi4| ‘0STE0-66-VVIV pue wry 86
¢000- |28
0000 'L
0000 29
T000 'S
T000 TV
7000 TE
S00°0 T¢ .
: ; ¢100-=9/s.90 =
2000 |07 UIPIM aseq/snipel uioy 666T fbeig
70°0- 0T 9000 00 T 00§~ |S500°0 |#¥0°0 | -uonenuis uioy Jaddn 8T 47T70-(T)4IN Zrainbi4| ‘0STE0-66-VVIV pue wiy 86
el Mgc_w pEPOV| o0 0T .6 | Ix | 9N uonduossg u uonduassq 'ON CRIEICTEN sloyny | oN
2 d|0eL 19y
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)
141I"T ANV 9Vvdd NO 321 3Z2V19 40 103443 '1-9 31avL

G-7



6700 €8
0€0°0 €L
1200 29
97100 'S
¢10°0 A%
0700 T¢
Z¢10°0 T¢ .
- i 0=9/s.90=
0100 |17 YIPIM 8seq/snipes uioy I 666T Bbeig
920 0v 8000 00 8T 00 00000 |¥#¥0°0 | -uonejnwis uloy Jaddn 8T 47T70-(T)4IN| pue €T sainbid| ‘0STE0-66-VVIV pue wry 86
Y170 2’8
7800 'L
7900 29
G700 'S
0€0°0 A%
G200 43
2¢0'0 T¢ .
. . G8000=9/s.90=
5100 |17 UIPIM 8SBQ/SNIPEI UIoY vT 666T Bbeig
4740 T9 TT0°0 T0 8'T 002 |ST000 |#¥0°0 | -uonenuis uioy Jaddn 8T 47T70-(T)4IN| pue €T sainbid| ‘0STE0-66-VVIV pue wry 86
€GT°0 T8
€eT0 TL
L0T0 29
7800 'S
6500 A%
900 [A>
9€0°0 T¢ .
: : [T00=9/5'G0=
8200 |TT UIPIM aseq/snipel uioy vT 666T fbeig
G50 T8 1200 T0 8T 007 |0900°0 |#¥0°0 | -uonenuis uioy Jaddn 81 47T70-(T)4IN| pue €T sainbid| ‘0STE0-66-VVIV pue wiy 86
halo |4 Mgc_w DRPOV| oD | 0T9H| -6 9/X WY uonduaseQ ul uonduosaQ "ON EREIEIENY sloyny | oN
9 s|qeL 1oy
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-8



wI0 |18
60T0 |2
500 |29
vv0'0  |2'S
€800 |T'¥
5200 [T
8100 |12 ot
pue ‘Bbeig
v100 T7 duy *'g ou ‘200 = 866T| ‘DioequnD
€60  |¥'8 6000 |00 8T |86 |T€00  |020°0 | 9/Xlepunoinbul-Gz'0| 08T WZTOEZ VOVN oTainBid|  ‘06v0-86-VVIV| ‘uung‘es| 0TT
2000 |28
2000 2L
2000 |29
2000 |ZS
€000 [TV
9000 |T€
1100 |12 .
: : 900'0- =9/5 !0 =
¢lo0 |07 UIPIM 8SBQ/SNIpEI UIoY vT 666T Bbeig
100- |00 2100 |00 8T |0'Sz- |¥T000 |pv0°0 | ‘uoneinuns wioyssddn|  8T|  4¥TrO-(T)4IN| pue gTsainBld] ‘0STE0-66-VVIV|  PuBWIM| 86
0100 |28
8000 |2
1000 |29
9000 |2'S
v000  |T'¥
9000 |T€
6000 [T _
: : 900°0- = 9/5 ‘50 =
0100 |01 UIPIM 8SBQ/SNIPEI UIoY ¥T 666T Bbeig
600 |00 0700 |00 [8T  |0'Sz- |¢10000 |¥v0°0 | ‘uoneinuns wioyssddn| 81|  4vTv0-(T)47IN| pueeTsainBld) ‘0STE0-66-VVIV| PuewIM| 86
el Mgc_w pEPOV| o0 0T .6 | Ix | 9N uonduossg u uonduassq 'ON CRIEICTEN sloyny | oN
2 3|qeL 19y
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-9



€¢r0 T8
€0T°0 'L
€600 T9
680°0 TS
12,00 Tv
6500 T¢
LE00  |T%C <00 pue .mw_%m
6200 |TT =9/x e duy ‘070 = 866T| ‘PoegIND
780 'S G200 T0 8T 9¢E [80T'0 2T0°0 | 9/X 18 punoJ b uI-gT°'0| 08T WZTOEC VOVN TTamnbi4|  ‘06¥0-86-VVIV| ‘uunQ ‘es| OTT
6TT0 T8
L0T0 TL
1,600 T9
¥80°0 0's
L2200 Tv
8900 T¢
6500 |0¢ <00 pue _mm%M
¢s00 |17 =9/Xx e dn‘ozo= 866T| 'PoeqIND
.80 'S 7700 00 8T ey |V1C'0 020°0 | 9/X 1e punoJ b u1-Gz'0| 08T WZTOEC VOVN 0T aInbid|  ‘06¥0-86-VVIV| ‘uung ‘se| OTT
6ST0 08
vv1°0 TL
8¢T0 09
¢1T0 0's
1,600 0v
6800 T¢
9,00 |0%¢ <00 pue .mm%m
€900 0T =9/X®edn‘oTo= 866T| 'PoeqIND
860 V'L 0S0°0 00 8'T T'€E |[VIT0 020°0 | 9/x 18 punoJ b ul-Gz'0| 08T WZTOEC VOVN 0T aInbid|  ‘06¥0-86-VVIV| ‘uung ‘ee| OTT
ey HMMW DRPOV| D |0T'9Y| -6 9/X WY uonduosaQ u uonduosaQ "ON ERIEYETENY sloyiny | -oN
2 9|qeL JEN|
un Beiq 10
eleq soueWIOMad 8oueJIagnIoId 1o aInbiy

((panunuo)) saouelagnold buisn saipnis)
141I"T ANV 9Vvdd NO 321 3Z2V19 40 103443 '1-9 31avL

G-10



G520 |01
vIT0  |0F
1500 |00 |9€'T
9520 |01
9110 |0F
G500 |00 98T
8520 |01
uewi}Ias pue
S110 0% 9 ybnouy 666T| ‘UelesUR|Y
1500 |00 |9v'Z  |0'0S |200 €900 Ja|lods ueds-|In4|  0've 1700 VOVN v saldgel| ‘9600-66-VVIV| ‘sbiepeded| 9zT
9€2'0 |01
8500 |0¥
7200 |00 |9€'T
9€20 |0V
9900 |0¥
0200 |00 98T
2€20 |01 F—
800 0% 9 ybnouy 666T| ‘UelesUR|Y
7200 |00 |9v'Z  |0'0T |200 €900 Ja|lods ueds-|In4|  0've 1700 VOVN v saldel| ‘9600-66-VVIV| ‘sbiepeded| 9zT
6570 |T'8
vwIio 2L
210 |T9
TIT0  |T'S
9600 |T¥
6800 |T'€
900 1% 500 pue _mm%M
¥900 11 =9/X e d1'0T0 = 866T| 'PioeqIND
0500 |T0 8T T€E |YTT'0  |020°0 | 9/ ¥e punol b ul-Gz'0| 0'8T| WZTOEZ VOVN TTaInBi4|  ‘'06¥0-86-VVIV| ‘Uung ‘8d7| OTT
halo |4 Mgc_w DRPOV| oD | 0T9H| -6 /X WY uonduaseQ __w_ uonduosaQ w._muk EREIEIENY sioyiny N
un feiq 10 sod
eleq sduewlopad aoueJagMold oIy aunbiy

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-11



v.T0 |66
8rT0 |62
ITT0  |6G
9,00 |8°€
700 16T
uewi}Ias pue
000 1670 666T| ‘UelesUR|Y
7200 |20  |9v'Z  [0'0T |200 €900 J3|1ods ueds-|Iny|  0've 1700 YOVN LanBid|  '9600-66-VVIV| ‘sbepeded| 92T
9020 |0V
8600 |0V
G700 |00 |9€T
2120 |0vT
00T0 |0¥
9700 |00  |98°T
0120 |01 F—
¥600 0% 9 ybnouy 666T| ‘UelesUR|Y
E¥0'0 |00 |9¥'Z  |0°0ET |20°0 €900 Ja|lods ueds-|In4|  0've 1700 VOVN 7 S3|qel|  ‘9600-66-VVIV| ‘sifepeded| 9zT
1520 |01
8210 |0¥
€00 |00 9T
2520  |0vT
9210 |0V
7200 |00  |98°T
¥S20  |0vT P —
0c10 0w 9 ybnouy 666T| ‘UelEsUR|Y
7/00 |00 or'z 006 [200 €900 J3|10ds ueds-|In}|  0've 1700 VOVN yS3|qel|  ‘'9600-66-VVIV| ‘sijepeded| 92T
halo |4 Mgc_w DRPOV| oD | 0T9H| -6 /X WY uonduaseQ ul uonduosaQ "ON EREIEIENY sloyny | oN
0 d|0eL 19y
| Beiq 1o
eleq sduewlopad aoueJagMold oIy aunbiy

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-12



T9T0 |66
LETO |81
9TT0 |6'S
7600 |6°€
900 |87
. . uewnas pue
200 666T| ‘Ueresue|y
¢v0'0  |20-  |9¥'Z  |0°0ET [20°0 €900 Jajiods ueds-1iny|  0'vg 1700 VOVN LainBid|  '9600-66-VVIV| ‘sbepeded| 9zT
7610 |86
T.T0 |81
¢vT’'0 |8'G
8TT0 |8°¢€
1600 |67
. . Uewes pue
L 666T| ‘Ueresue|y
T/.00 |20~ |9¥'C |006 [200 €900 Jaiods ueds-|iny| 0z 1700 VOVN Lainbl4|  '9600-66-VVIV| ‘sbiepeded| 92T
8670 |86
69T0 |82
EVT0  |8'G
9TT0 |6°€
8800 |67
. . uewnas pue
OO 666T| ‘Ueresue|y
9500  |¢0- 9y'¢  |005 [¢0°0 €900 Jajiods ueds-|in4; 042 1100 VOVN L3InBl4|  '9600-66-VVIV| ‘sbiepeded| 92T
. Xeuwr'| )
Xew'l e O prPoy| . p 0T 9| -6 /X Iy uonduasaa ul uonduasaa ‘ON 20UIAYaY sioyny | -oN
e by “ a1qel Ny
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-13



¢02°0 8'6
.10 8'L
8vT°0 8'G
€¢T0 8'¢
TOT0 8'T
. . UBW1IaS pue
590 20 666T| ‘uelesue|y
T.00 |20 9¢'T 006 |00 €900 J9[1ods ueds-|Iny|  0'v2 TT00 VOVN gainbl4| ‘'9600-66-VVIV| ‘sbfepeded| 9zT
9610 |86
0.T0 |8L
¢vT’0  |8'G
60T0 |8°¢C
1100 6'T
. . uewnIas pue
T900 |80 666T| UEmUEly
/¥0'0 |20 9¢'T |0°0S |200 €900 J8[1ods ueds-||ny| 042 TT00 VOVN gainbi4| ‘9600-66-VVIV| ‘sppepeded| 9zT
19T0 |86
eYT0 |62
1600 |6'G
9800 |6°C
¢E00 8'T
. . UBW1IaS pue
G200 |60 BN o
6T0°0 20 9€'T 00T |200 €900 Jajiods ueds-|iny|  0'p¢ TT00 VOVN g ainbi ‘9600-66-VVIV| ‘sijepeded| 9zT
) Xeuwr'| )
Xew'l gy o) DEPIV| b |0T'9Y]| -6 J/X I uonduaseq ut uonduaseq "ON 20UIAYaY sIoyINy ON
= E slqel 19
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-14



8€¢0 |86
0120 |61
€810 |8'S
0ST0  |8°€
0210 |87
: : uewIss pue
S 666T| ‘Ueresue|y
G600 |T'O- |9€T 005 |C00 §¢1°0 Ja|1ods ueds-|Iny|  0'vZ 1100 VOVN 63InB1d|  '9600-66-VVIV| ‘sbiepeded| 9eT
0T¢'0 |6'6
€LT0 8.
T16T0  |6'S
8110 8¢
7800 8T
: : uewlIsS pue
2 % 666T| ‘Ueresuely
¢s00  |T'0- 9€'T 00T |200 G210 Jajlods ueds-||ny| 0¥ TT00 VOVN 6ainbi4|  ‘9600-66-VVIV| ‘Siepeded| 9277
T9T0 |86
S¥T0 8.
6170 |8'S
9600 |8°€
6900 |87
. . uewIss pue
=0 %% 666T| ‘Ueresuely
¥700 |20- |9€'T |0'0ET |00 €900 1a]10ds ueds-|Iny|  0'vZ 1100 VOVN gainbld|  '9600-66-VVIV| ‘spfepeded| 97T
. Xeuwr'| )
Xew'l e O prPoy| . p 0T 9| -6 /X Iy uonduasaa ul uonduasaa ‘ON 20UIAYaY sioyny | -oN
e by “ a1qel Ny
| Beiq 1o
Ble aduewJioliad 30URIBQNI0Id |10 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-15



L6T0 |66
8910 |81
910 |8'S
T¢10  |8°€
8600 |87
. . uewIss pue
e 2 666T| ‘Ueresue|y
8900 |C0- 98T 006 |C00 €900 Ja|lods ueds-||nj|  0've 1700 YOVN 0T 3InBld|  '9600-66-VVIV| ‘sijepeded| 92T
06T0 |86
8910 |81
¢ST'0 |8'S
¥€ET0 |8°€
917’0 |87
. . uewlIsS pue
L0T0 L0 666T| UEmUEly
9600 |C'0- 9€'T |0°0€T |20°0 G210 Jajlods ueds-||ny| 0¥ TT00 VOVN 6ainbi4|  ‘9600-66-VVIV| ‘Siepeded| 9277
8¥¢'0 |86
T¢¢0 |81
¥6T0 |8'S
T.T0 |8€
0ST0 |87
. . uewIss pue
LET0 |10 666T| UEmUEly
G210 [20- |9€T 006 200 G210 J3|10ds ueds-|In}|  0've 1700 VOVN 6 aInb1d|  '9600-66-VVIV| ‘sbiepeded| 92T
. Xeur| -
Xew'l e O prPoy| . p 0T 9| -6 /X Iy uonduasaa ul uonduasaa ‘ON 20UIAYaY sioyny | -oN
e by “ a1qel Ny
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-16



700 |86
8/T0 |82
T9T0 |8'S
6ET0 |8¢
9TT0 |87
. . uewnas pue
o 666T| ‘Ueresue|y
¢600 [20-  |9€'T 006 |¥0°0 €900 Jatods ueds-jiny| 0z 1700 VOVN TTainbi4|  '9600-66-VVIV| ‘siyepeded 9T
¢0c0 |86
v.T0 |81
8vT0  |8'G
€2T0  |8¢€
T10T'0 |87
. . Uewes pue
e L 666T| ‘Ueresue|y
100 |20~ |9€T |006 [200 €900 Jajiods ueds-)iny|  0'vg 1700 VOVN TTainbi4|  '9600-66-VVIV| ‘siyepeded 9T
00¢0 |66
6,70 |82
¥ST0  |8'S
¢€T0  |8°¢€
80T0 |7
. . uewnas pue
8600 |80 BN o
£80°0 |C0- 98T 006 |¥0'0 €900 Jajiods ueds-1iny, - 0'v2 1100 VOVN 0T aINbl4|  ‘9600-66-VVIV | ‘sbiepeded| 9zT
. Xeuwr'| )
Xew'l e O prPoy| . p 0T 9| -6 /X Iy uonduasaa ul uonduasaa ‘ON 20UIAYaY sioyny | -oN
e by “ a1qel Ny
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-17



§0¢0 |86
8/T0 |82
T9T0 |8'S
6ET0 |8¢
LTT0 |87
: : uewnas pue
709 666T| ‘Ueresue|y
€600 |€0- |9€'T |006 |¥0°0 €900 Jajiods ueds-)iny|  0'yg 1700 VOVN grambid|  '9600-66-VVIV| ‘sifepeded| 9zZT
87¢0 |86
1220 |82
¥6T0 |8'G
T.T0 8¢
0STO0 (87
: : Uewes pue
S 666T| ‘Ueresue|y
GZT'0 |20~ |9€T |006 [200 Get1'0 Jajiods ueds-)iny|  0'vg 1700 VOVN Zrainbid|  '9600-66-VVIV| ‘sijepeded) 9zT
¢0c0 |86
v.T0 |81
8vT'0  |8'G
€2T0  |8¢€
T0T0 |87
. . uewnas pue
S i 666T| ‘Ueresue|y
1,00 |C0- 9€'T |006 [¢00 €900 Jajiods ueds-1iny, - 0'v2 1100 VOVN zTanbiy|  '9600-66-VVIV| ‘sijepeded 92T
. Xeuwr'| )
Xew'l e O prPoy| . p 0T 9| -6 /X Iy uonduasaa ul uonduasaa ‘ON 20UIAYaY sioyny | -oN
e by “ a1qel Ny
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-18



86T0 |86
€910 |81
8€T0 |8'S
¢iT0  |8¢
0800 |87
: : uewnas pue
005 666T| ‘Ueresue|y
0S00 |20~ 98T |00S [200 €900 Jajiods ueds-)iny|  0'yg 1700 VOVN yranbl4  ‘'9600-66-VVIV| ‘sifepeded| 9T
9670 |86
0.T0 |82
¢vT’'0 |8'G
60T0 |8°€
L1100 |67
: : Uewes pue
o050 666T| ‘Ueresue|y
v0'0  |20- |9€T |00S [200 €900 Jaiods ueds-jiny| 0tz 1700 VOVN yTanbl4|  ‘9600-66-VVIV| ‘sifepeded| 9T
1520 |86
6¢C0  |8L
20c0 |G
S/T0 (L€
99T0 |87T
. . uewnas pue
i 666T| ‘Ueresue|y
EET'0  |€0- 9€'T |006 |¥0'0 5¢T°0 Jajiods ueds-1iny, - 0'v2 1100 VOVN €T anbly|  '9600-66-VVIV| ‘sijepeded| 9zT
. Xeuwr'| )
Xew'l e O prPoy| . p 0T 9| -6 /X Iy uonduasaa ul uonduasaa ‘ON 20UIAYaY sioyny | -oN
e by “ a1qel Ny
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-19



L6T°0 6'6
89T°0 8'L
w10 8'G
TZT°0 8'¢
860°0 8'T
. . UBW1IaS pue
€600 20 666T| ‘uelesue|y
8900 |20 98'T |006 (200 €900 J9[10ds ueds-|Iny|  0'v2 TT00 VOVN GTainbid| '9600-66-VVIV| ‘sbfepeded| 9zT
¢0¢0 |86
.10 8'L
8¥T0 |8'G
€10 |8¢
TOT'0 8T
. . uewnIas pue
G800 |80 666T| UEmUEly
T.00 |20 9¢'T |0°06 |[200 €900 J9[1ods ueds-|Iny|  0'v2 TT00 VOVN GTainbid| '9600-66-VVIV| ‘sbfepeded| 9zT
8610 |86
69T0 |8'L
€¥T0 |8'G
9TT0 |6'C
880°0 6'T
. . UBW1IaS pue
0,00 |80 BN o
9G0°0 20 aiv'e 005 |2¢00 €900 Jajiods ueds-|iny|  0'p¢ TT00 VOVN T ainbiy ‘9600-66-VVIV| ‘sijepeded| 9zT
) Xeuwr'| )
Xew'l gy o) DEPIV| b |0T'9Y]| -6 J/X I uonduaseq ut uonduaseq "ON 20UIAYaY sIoyINy ON
= E slqel 19
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-20



Y910 186
¢vT0 |62
LTT0 |8'S
§600 |8°¢
9900 |87
. . uewnas pue
=009 666T| ‘Ueresue|y
€EV00  |20- 98T |0'0ET [20°0 €900 Jajiods ueds-)iny|  0'yg 1700 VOVN 9T aInbid| '9600-66-VVIV| ‘sbfepeded| 9zT
19T0 |86
SyT0 |81
6170  |8'G
9600 |8°€
6900 (8T
. . Uewes pue
=00 59 666T| ‘Ueresue|y
¥v0'0  |20-  |9€'T  |0'0€T [20°0 €900 Jajiods ueds-1iny|  0'vg 1700 VOVN 9T aInbid| '9600-66-VVIV| ‘sbfepeded| 9zT
7610 |86
T.T0 |81
¢vT’'0 |8'G
8TT0 |8¢€
L600 |67
. . uewnas pue
S 666T| ‘Ueresue|y
1,00 |C0- 9y'¢  |006 [¢0°0 €900 Jajiods ueds-1iny, - 0'v2 1100 VOVN granbl4  ‘9600-66-VVIV ‘sbiepeded| 9zT
. Xeuwr'| )
Xew'l e O prPoy| . p 0T ™| -6 /X Iy uonduasaa ul uonduasaa ‘ON 20UIAYaY sioyny | -oN
e by “ a1qel Ny
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-21



0020 6'6
6.T°0 8L
7510 8'G
CET0 8¢
80T0 LT
: : UBW1IaS pue
280 o0 666T| ‘uelesue]y
/800 |20- 98'T 006 |¥00 €900 J3|10ds ueds-|In§|  0'¥C TT00 VOVN LTanbid4|  '9600-66-VVIV| ‘sifepeded| 9ZT
70¢'0 |86
8.T0 |8L
T9T0 8'G
6ET0  |8€
9TT0 |87
: : uewnIas pue
£oLo o0 666T| ‘uelesue]y
2600 |20- 9¢'T 006 |¥00 €900 J9[1ods ueds-|Iny|  0'v2 TT00 VOVN LTanbi4|  '9600-66-VVIV| ‘sifepeded| 9zZT
T9T0 |66
LETO 8'L
9TT0 |6'G
7600 |6°€
2900 81
: : UBW1IaS pue
700 o0 666T| ‘uelesue]y
[440)¢) ¢0- 9'¢ 0'0€T |20°0 €900 Ja[1ods ueds-|Iny|  0'ye TT00 VOVN 9T ainbi ‘'9600-66-YVIV| ‘shjepeded| 9zT
) Xeuwr'| )
Xew'l gy o) DEPIV| b |0T'9Y]| -6 J/X I uonduaseq ut uonduaseq ‘ON ETEICIE sloyny ON
= E slqel 19
i Beiq 0
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-22



9020 6'6
T8T°0 8L
9GT0 8'G
¥ET'0 8¢
¥0T°0 81
: : UBwW1IaS pue
280 o0 666T| ‘uelesue]y
7,00 |20- 9¢'T 00§ |¥00 €900 J3|10ds ueds-|In§|  0'¥C TT00 VOVN 0z ainbid|  '9600-66-VVIV| ‘sbepeded| 9zT
200 |86
.70 8'L
8yT'0 |8'G
€T0  |8¢
TOTO 8T
: : uewnIas pue
2800 o0 666T| ‘uelesue]y
T.00 [20- 9¢'T 006 |200 €900 J9[1ods ueds-|Iny|  0'v2 TT00 VOVN 6T aInbi4|  ‘'9600-66-VYVIV| ‘spfepeded| 9zT
96T0 |86
0.T0 |8L
¢rT0 |8'G
60T0 |8€
L.0°0 6'T
: : UBW1IaS pue
1900 o0 666T| ‘uelesue]y
/v0°0 ¢0- 9¢'T 005 200 €900 Ja[1ods ueds-|iny|  0've TT00 VOVN 8T ainbiy '9600-66-YVIV| ‘shjepeded| 9zT
) Xeuwr'| )
Xew'l gy o) DEPIV| b |0T'9Y]| -6 J/X I uonduaseq ut uonduaseq ‘ON ETEICIE sloyny ON
= E slqel 19
i Beiq 0
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)

141" ANV 9Vdd NO 301 32V19 40 103443 '1-9 3149Vl

G-23



v0c'0 |86
8.T0 |82
1970  |8'S
6ET0 |8
9TT0 |87
. . uewnas pue
S 666T| ‘Ueresue|y
¢60'0  |C0- 9T |006 |¥0'0 €900 Jajiods ueds-1iny|  0'v2 1100 VOVN Tz ainbid|  '9600-66-VVIV| ‘sijepeded| 92T
) Xeuwr'| )
Xew'l e - cw DEPIV| b |0T'9Y]| -6 /X Iy uonduasaa ul uonduasaa ‘ON 20UIAYaY sioyny | -oN
o alqeL oy
| Beiq 1o
eleq souew.load 3oURJIaqNI0Id (1041 ainbi4

((panunuo)) saouelagnold Buisn saipnis)
141I"T ANV 9Vvdd NO 321 3Z2V19 40 103443 '1-9 31avL

G-24



900 ¥0'0 200 000 200
o 400
- z0'0-
- 000
[ eoo ‘dsuel |
[ ‘wwo)
6¢€0 qT'¢ 8700 0 0'8 €e 86000 |¥¥T00 v0'0 6t T¢ 960 G'6¢ 88¢ 0 ycT uni
900 00 200 000 20°0-
o v0°0-
- z0'0-
000
[ coo ‘dsuel |
[ ‘wwo)
8.T°0 vT'T 9000 |0 €8 |z 9970°0 |1800°0 Y00 ;s oz v€0 |80z |88 |0 ZTT uni
900 ¥0'0 200 000 Z00-
R
- z0'0-
- 000
200
| dsuel |
0’0 ‘wwod
€000 0 9’8 - - - 6'G ST €0 S'0T 88¢ 0 90T unl
. xeuwr| e w/b o
xew' 5 o Jle , } ) _®0H . 0 a/x Y (pJoyd 01 198dsas yum i ,Ez E / »w_e c.QE o | Amnuspr
oy ov 8y PaZI[eWIOU S3JeUIPI00) swn | "AANW | oM } A adeys
adeys a9 30|
rle 9oueBW.IOIad uioy Jaddn suonipuo) Buio|

(2T ybnouy 2 saunbi4 wou4 eleq sduew.opad
S|I0J1 19[ SSauIsng pue uodsuel] [elaJawwo) pioyD-ui-9g
/66T ‘7.10-26-VVIV ‘Uop|ays pue nzoedelod ‘Appy ‘G 'Joy)
301 d3LVINNIS J0 d313402V ONISN SAIANLS 'T¢-O 319vL

G-25



900 v0'0 200 000 200
v0'0-
- 200
- 000
- 200
I IEly
o0 ssauIsng
08T°0 69T 0200 6'S TT- 6¢00°0 |9€00°0 4 0¢ 750 9'0e T0C ¢0¢ uni
900 Y00 200 000 200-
R
- 200
- 000
| c00 ‘dsues |
[ wwo
0L¢0 ST'T L00°0 08 0T 8.00°0 |€€00°0 vo'0 4 T¢ 960 S9'6¢ 88¢ 6T uni
Y00 200 000 20°0- v0'0- 90°0-
e oo
- 700
- 200
- 000
- 200
| vo'o ‘dsues |
I “Wwwod
5870 15°€ 110 08 |6¢ 8210°0 |£950'0 900 Iggr |12 950 |s6c |88z LZT uni
XS
et o or M:m D wOH e | ox | oy (p1oya 0} 3990s31 yIM uu .81 rmE\c NW ;,QE o | fAnuapr
oy ov 9 PaZIeWIou SaJeuIpIo0a) swnl | "aAN | fom } A adeys
adeys a9 39|
Bl 9JueWIOIad uloy Jaddn suonipuo) Buio|

((panunuo)) zt ybnouyl 2 sainbi4 woi4 eleq aduew.oplad
S|1041V/ 18( SSaulsng pue Jodsued ] [eI2JBWWOD pIoyD-Ul-9g
/66T ‘7/T10-26-VVIV ‘U0P|ays pue »nzdedelod ‘Appy ‘G 'Jod)
J01 A3 LVTNINIS 0 d3134I02V ONISN SIIANLS 'T'¢-O 319Vl

G-26



900 00 200 000 Z00-
R
- 200
- 000
- 200 o
[ . ssauisng
T¢C0 LE'T 1200 79 T €200°0 |L0TO0 vo'0 9 0¢ €v'0 7'1¢ T0C 9 80¢ uni
90°0 Y00 200 000 Z0'0- ¥0'0-
P
- 00
- 200
- 000
- 200 IE]y
P ssauIsng
¥0E0 €5 10T°0 65 |82 |£200°0 |2070°0 Y00 gzz Joz  |¥s0 |90 [T02 |9 0z uni
900 v00 200 000 200
A,
- 20°0-
- 000
- 200
IETN
| ssauisng
0220 897 6700 65 |81 0£00°0 |££T0'0 Y00 g 0z ¥50 |90e |10z |9 £0z uni
Xeur|
xeul 4 7 o M:m K ,08 ) X Yy (p10yo 01 19adsas yrm .EE .E: ,mE\m ﬂm c,QE o | Anuapi
ov v % PazI[eLIOU SJeUIpI00) swn | "aAN | fom1 } A adeys
adeys a9 99|
ele( 99ueWIOLIad uloy Jaddn suonipuo) Buio|

((panunuo)) zt ybnouyl 2 sainbi4 woi4 eleq aduew.oplad
S|1041V/ 18( SSaulsng pue Jodsued ] [eI2JBWWOD pIoyD-Ul-9g
/66T ‘7/T10-26-VVIV ‘U0P|ays pue »nzdedelod ‘Appy ‘G 'Jod)
J01 A3 LVTNINIS 0 d3134I02V ONISN SIIANLS 'T'¢-O 319Vl

G-27



900 ¥00 200 000 200
s v0'0-
- 200
- 000
rc00 1or
| ssauisng
8810 91°¢ 7100 |9 €9 9¢- ¢200°0 |S0T00 v00 |p'y 0¢ 0€0 |LCT T0C 9 TTcuni
me._
reut oy or %E D .woa o | ooax | oy (p1oya 01 198dsa1 YIM MF_MH ,Ez hmE\@ w_m c.o_E o | Anuspl
by v 8 PAZI[BWLIOU S8JeUIPI00) B TAAN | TOMT } A adeys
adeys 89| 37|
eleq douewloLlad uloy Jaddn suonipuo) buio)

((panunuo)) zt ybnouyl 2 sainbi4 woi4 eleq aduew.oplad

S|101V/ 13[ SSauUISNg pue 1odsurl L [RI2J3WWO0D PIoyD-UI-9g
/66T ‘7.10-26-VVIV ‘Uop|ays pue nzoedelod ‘Appy ‘G 'Joy)
301 d3LVINNIS J0 d313402V ONISN SAIANLS 'T¢-O 319vL

G-28



TIT0 |82
1800 |89
— 0z'0 | oa, 0 | oo,o | ot oh.ﬁ.o.
600 |67 I
8¢00 (L€ | 000 AN |
€200 |12 (TT00°0
. } I =9
0200 271 or'0 WiB-gg)
650 59 87100 |90 |ST €e 1100 |0¥0°0 ERllER
LZT°0 |28
NOHO NN 0zo oT’0 000 0T'0-
9900 |29 , , e
T€00 [EF
2200 |2€ [ ooo
L1000 |T°¢
o | _ v )oY
9100 |0T oro (tpoowss)
650 29 #7100 |00 |S'T €e 1100 |0¥0°0 ERlIER
. xewr'y be w/B R
xew'l 4 7 O ) ! e _08 .'0 X 10 (paoyo 01 103dsas YuM _c_E _ i £ / .w, c_QE o0 | Anusp
by oV 9y PazI[eW.Iou Sa1euIpI009) auwn aAN oM } A adeys
adeys a9 29|
Ble 99uBWLIOLAd uloy Jaddn suonipuo) Buio|

ZT pue 8 saInbi4 WoJl- eyeq 90UBWIOLIAd ‘886T ‘GZ "|OA ‘Yelouly °C ‘BBelg ‘vz “1oy

ZT pue TT sainbi4 Wo.H e1eq 3duewIopad ‘v8y0-98-VVIV ‘191100 pue Bbelg ‘6z 1oy
g pue 7 sainbi4 wo.4 eleq sduewWIoMad ‘6070-S8-VVIV ‘1811100 pue Bbelg ‘gz '19Y
LTE - GTE pue T pue 6 dd ‘suone|nge | woi- eyeq 3dUeWIOMSd ‘€66T ‘L00T6T ¥O VSVN ‘Boeig ‘Gz “1oy

(U1 T2 =2 '[1oJIV 2T00 WYOWN ‘J8110D pue Bbeld ‘6z pue gz 'Joy :Bbeig ‘Gg pue vz “Joy)

301 A3LVTNINIS 4O d313402V ONISN SAIANLS ¢°¢-9 31avl

G-29



yIT0 |T'8

9600 [€2

8900 (29

9v0'0 [C'S

v€00 |T'V

8200 [T€

€200 |0¢

1200 |60

990

€9 1200 [T0-

1)

8100

€v0°0

0c0 0T'0 000

0T'0-
0T'0-

r 000

0T'0

AN
(TT00°0
=) |
"M16-9¢)
palejnwis

G610 |08

6600 |€/

€900 (€9

Er0'0 |€'9

0€00 |CF

200 |T'€

6100 |[T¢C

8100 |[TT

990

€9 L1700 |00

ST

4’

8100

€700

00 oTo 000

0T'0-
- 0T°0-

000

0T'0

¥¢ Jed
(yroowss)
pale|nwis

X'l o g

me_U e JoR!:]
oy Pov

0T
‘oY

X

VL

ele aduew.ioliad

uloy Jaddn

(p4oyd 01 193dsal yum
pazI[ew.ou SajeuIpI00d)
adeys 99|

ulw
‘awn

wr
‘ann

/B
‘oM

uo

‘ HOJ

ydw

suonipuo) Buro|

Amnusapi
adeys
39|

((peNUNUOD) Ul TZ = 9 ‘[10JIY 2TO0 VIVN ‘18u10D pue BBelg ‘6z pue gz "Joy -Bbeig ‘Gz pue 1z Jay)
321 @ILVINIS ¥O A3LIFDIV ONISN SIIANILS 22-9 319Vl

G-30



TIT0 (8L
/800 |89
€500 |6'S
0z'0 010 000 oT'o-
S€00 |8% e
8¢0'0 8¢ |
2c00 (8¢ L 000 GZ '19Y
6100 |21 (TT00°0
. . r =N
8100 |10 . 116-9¢)
8100 |v0- 9T g€ 1100 |0v00 oro 30IMIT
8¢T0 |18
¢0T0 |¢'L
G600 |(¢'L
9900 |29
00 |C'S
020 01’0 000 oT'0-
700 |G : : : : : oT'0-
1€00 |2¥ i
2c00 |TE 000
LT00 |T¢ t
G¢ 'J3d
ST00 (0T 0T'0 (ypoows)
650 29 G700 |00 |97 €e 17100 |0¥0°0 A0IM3T
Xew'|
el o or uc Tl woﬁ .0 X T (p1oyo 03 10adsal yum e wrl _mE\o w_m c_o_E Jo | Anuepl
by ov 3 Pazijew.Iou sayeuIpI009) swh | "aAN | fom LA adeys
adeys 89| Eall
Bleq 9ouBWI0IAd uloy Jaddn suonipuo) buigg

((peNUNUOD) Ul TZ = 9 ‘[10JIY 2TO0 VIVN ‘18u10D pue BBelg ‘6z pue gz "Joy -Bbeig ‘Gz pue 1z Jay)

301 A3LVTNINIS 4O d313402V ONISN SAIANLS ¢°¢-9 31avl

G-31



ZIT0 |CT'L
6,00 |ST9
0.L0'0 |ST9
870’0 |ST'S
600 |zTv 0z'0 oT'o 000 oro-
S 0T
GE00 |CTY
9¢0'0 |80°€ ] G¢ 'Jod
€200 |s0°C oo (150000
. . r =N
1200 10T . 4116-09)
¢c00 (100~ |ST 4 8700 |E¥0°0 parejnwis
G600 |ET'L
1900 |ST9
mVOO m._”m_. 0c¢'0 0oT'0 000 oT'o-
R oTo-
€e00 |ITY
1200 |60°E 5z 194
- 000 :
€200 |S0¢ (TT000
. . s = opf
1200 10T | q116-9¢)
1200 |1000- (ST zT 8100 |EV00 oro payeINWIS
0z'0 0T'0 000 oro-
9600 |T'8 e
8500 |29 |
0€00 |Tv r 000
. . | G¢ 18y
0¢00 |T'¢ (yro0ws)
6700 |00 |ST zT 8100 |EV00 oro pajeINWIS
) xew'| D le w D o
xeul o7 ol ; ¥ K _%H .0 X I (p1oya 01 109dS81 UM _c_E _ wrl £ / _w_u c_QE o | Anuapr
oy ov 8y PaZI[eULIOU SaJeulpI00d) swn | "dAN | Fom1 VIOA adeys
adeys 89| 29|
Ble 90UBWIOLISd uioy Jaddn suonpuo) buio)

((peNUNUOD) Ul TZ = 9 ‘[10JIY 2TO0 VIVN ‘18u10D pue BBelg ‘6z pue gz "Joy -Bbeig ‘Gz pue 1z Jay)
321 @ILVINIS ¥O A3LIFDIV ONISN SIIANILS 22-9 319Vl

G-32



6600 |T'L
7900 |T9
ev00 TS 020 010 000  0T0-
0€00 [TV i i i i i 0T°0-
7200 |T'€ r
67100 |0¢ r 000
8100 |0T i 6¢ 13
: : o010 aze|h
190 8'9 6100 100 g1 |zt |gr00 |ev00 ul-g
9900 |6'S
¢500 6 020 010 000 0T
8€0'0 |6°€ i i i i i 0T'0-
0€0'0 |6'¢C r
9200 |6T [ 000
— ‘ 8z "oy
9200 |60 . oze(D
S8°0 0L 9¢0'0 |00 ST [4) 87100 [E¥0°0 ! ulw-g
Xeuw'|
xewl 5 Jr uc e Ky _@S .0 /X 0 (p10y2 0 198084 UM i » wrl _mE\m ww _‘_»QE o | Awnuap
oy v 9y PAZI[eWIoU SaJeUIpI009) sul | "aAN | "OMT VOA adeys
adeys a9 99|
e]eq 89UBLIOLIa uloy Jaddn suonIpuod Buig

((peNUNUOD) Ul TZ = 9 ‘[10JIY 2TO0 VIVN ‘18u10D pue BBeig ‘6z pue gz "Joy -Bbeig ‘Gz pue 1z Joy)
321 @ILVINIS ¥O A3LIFDIV ONISN SAIANILS 22-9 319Vl

G-33/G-34



900 200 20°0-
4 500
000
0700 L'y |
) } L Lpoows
G000 |l2 . (quuyo)
9000 €0 |STVv |0¢ 95000 |¥20°0 v00 g1 0¢ 6'¢ 14 68 99 L aze|b
90°0 200 20°0-
e b0
0¢00 9'g [ 000
6000 9t I yBnoJ
G000 L'¢ L Awm:._._nvv
ST'0 6'T 9000 ¥'0- |0€'S9 |9 TL00°0 [92¢0°0 Y00 gt ST ST 14 1T 9¢ ¢ aze|b
900 200 20°0-
N
000
Gc00 9'Gq i ypoows
000 |9°¢C | (8s1n12)
v00'0  |¥'0- |0€S |9 7/00°0 |920°0 Y00 gt ST ST 4 yIT |92 |gazelb
xew'|
Xl 07 Ok b D 0T .0 /X 9 (p10y2 01 1980s81 UM .C__.t wri mE\@ = r_.QE K Amnuspi
D p ‘9 awn | ‘ LEH A
v ov d PAZI[EWLIOU S3JeUIPI002) B dAN oM adeys
adeys a9 39]
ele aoUBWI0LIRd uloy Jaddn 4 suonipuo) buig)

(£Z pue gz sainbi4 wol4 ereq souewlolad
Ul 8'€S = 9 ‘[I0JIV STHV-2€9 VOVN ‘Z86T ‘Z850-28-VVIV ‘Meys pue ‘»aiobals ‘Gbeig ‘v¢ “Jay)
301 A3LVININIS 90 d313402V 9ONISN S3IdNLS '€¢-9 31dVv.L

G-35



800 00 000 0°0-
R,
¥09T0°0 |/65°8 I
616000 |9T9°9 | 000 5
) . L ybnou
909000 |¥€9'Y . (os1n10)
000 00 S¥€00°0 |SE0- |ST9 |92-  |STTO0 |T0'0 v00 gt g1 ST [T [T |9z |gewn
56000 |9'TT
89000 19°0T 800 00 000 70°0-
e
18¥00°0 | 2856 I
82€00°0 |2€9'8 I
€7000 9799 [ 000
i L Lpoows
90-39- €59C . (o51n10)
81000 |S€'0- |ST'9 |92-  |STTOO |T#00 Y00 gt ST ST |sT- P17 |9z |eewn
900 00 c0'0-
e
€100 |29 I
8000 |l | 000 ;
. ) L ybnou
5000 |12 . (quipo)
500 60 9000 |€0- |ST'¥ |0Z-  |9500°0 |¥20°0 Y00 gy 0z 67 |se 68 99 |, oze|B
) Xew'| 12 B
el o Uc olen e | x| o (pioyd 01 308dsal yyM o - MW | Aanuepy
by v od PaZI[eWIOU S31eUIPI009) swl | "aAN | oM ) A adeys
adeys 99| 39|
ele@ doueWIoLIad uloy Jaddn suonpuo) Buio)

((panunuo)) £z pue zz sainbi4 woi4 e1eq aduewiolad
Ul 8'€G = 2 '|I0MIV GTHV-2€9 VOWVN ‘Z86T ‘2850-28-VVIV ‘Meys pue Yaiobisio ‘Bbeig ‘v¢ "19y)
J01 A3LVINIAIS 90 d313d02V ONISN S3IdNLS €¢-9 31avL

G-36



800  ¥00 000 Y00
o0
S0ETO0 |6v9°9 I
818000 |T99'Y [ 000 ;
} . i ybnou
825000 |9T9'C o (quuyo)
229000 |9€°0- |28'% |09-  |YTE00 |¥00°0 Y00 gy ST ST |ST- |68 99 |Lawu
800  ¥00 000 %00
RN
€¢500°0 [89°0T L
ZvE00'0 [899'8 I
£1000 |9T9'Y [ 000
} . i y1o0wWs
L£000°0 | 72572 - (quio)
060 Z0- £5200°0 |V°0- (287 |09-  |VTE00 |¥00°0 Y00 gy ST ST |sT- 68 99 |lawn
) Xew'| ~ 1p ol ] I w w/B R
et o op _OH 0 _@9 o | oox | ooy (p10up 0} 193031 YIM M&L . m _m\ _ﬂ ;_O_E S0 | Knuspr
by ov o POZI[ELLLIOU S3JRUIPI000) B TQAN | TOMT } A adeys
adeys 29| 90|
Bleq souBWIOLRd uloy Jaddn suonipuo) buig|

((panunuo)) £z pue zz sainbi4 woi4 e1eq aduewiolad

Ul 8'€G = 9 ‘|I0JIV GTYV-°€9 VOVN ‘2861 '2850-28-VVIV ‘Meys pue ¥aiobalo ‘B6eig ‘ve Jod)
301 A3LVTININIS 40 d31340JV ONISN STIANLS '€¢-O 319Vl

G-37/G-38



0z0 0T0 000 OTO
e e
L 000
0500 |09 |TT |T- 1¥0'0 8200 70 lo0T oz |S2T |0¥T  |602 |09 |£/0Z uni
0z0 0T0 000 OT0
oo
- 000
010
1200 09 |TT 4 €100 |.T00 00T 0¢ 0€0 0Vt 60¢ 09 ,/0cg uni
0z0 OT0 000 OTO
e oTo-
L 000
1500 |09 |TT 9T |9€00 [2T0°0 0 loor loz  |ooT |owT |60z |09 |5.02uni
020 0T0 000 OT0
e oo
- 000
010
TIT0 6€ |TT 12 €700 |820°0 0S'T 0¢ 0€'T 0'€e T1¢ 6'€ G¢c unl
. xeur| D w6 R
X't o g7 ok __H 0 _QOH o0 X Y (paoya 03 108dsas ym _c_E >c3 _m\ .w_a c_QE S0 | Anuspl
by v 8y PAZI[eWLIOU S3JRUIPI00D) S Rpellly } A adeys
adeys 99) 39|
eleq douBWI0LIRd uloy Jaddn suonpuo) buio)

(sed1puaddy wol e1eq adurwIOLIad ‘6z 24nbi4 woi4 sadeys 89|

Ul 9 = 9 ‘HOJIV 2T00 VOVN ‘G86T ‘0T6E JD ‘4991upa] pue Bulwwsl4 ‘9G "Joy)
J21 3LV INNIS YO d3LIYDIIV ONISN STianlts "(Dy'z-9 31gvL

G-39



0¢'0 0T'0 000 0T'0-
oo
0600 |65 [T |TT-  |v20'0 |800°0 70 90T oz 80 |0vT |62 |6 |SG6T uni
0co 0T0 000 0T'0-
e
€600 |65 |ST |€2  |0v00 |6T0°0 0 oot oz |ozo lovT |zzz |es |ev0z und
02’0 0T'0 000 0T'0-
U ote
r 000
¥600 |09 |TT |8E v€0'0 L1000 010 00T |02 orT |0€e |TTz |09 |llzzum
0¢o 070 000 0T'0-
p—t 00"
r 000
0,00 |65 |TT |8T 9800 |900°0 010 oot oz orT |0OvT |60z |6S  |GLzZun
xew'|
g O P oo [0 e | ax | oy (pa0yo 01 103ds1 ypum g g i ey
oV v oy PazZI[ewIou SayeuIpIood) swl | "AAN | "om } A adeys
adeys a2 ER)
ele souewlogiad uloy Jaddn us 9l suonpuo) Buiag _

((panunuo)) sedipuaddy Woi4 vl 8duUeWIO0LIdd ‘62 24nbi4 woi4 sadeys 99|
Ul 9 = 9 ‘[I0JIV 2T00 VOVN ‘S86T ‘0T6E HD ‘1901upaT pue Bulwwal4 ‘95 “Jay)
3JD01 3LV INAIS ¥O a3 LIYIIV ONISN STIANLS (Dy'z-9 319vL

G-40



020 0T0 000 OTO-
L oT0-
010
1100 09 ST VT T¢00 |L¢00 00T 0¢ 0€0 0vT 98¢ 09 €6y uni
020 0T0 000 OTO-
e ot
000
09 |¥'T |2Z- |€€0°0 |L00°0 0T0  looT |0z 8’0 |0¥T |62 |09  |90TZ un
020 0T0 000 OTO-
e 0T'0-
000
200 |09 |¥'T  |0T-  |¥2000 |150°0 010 o0T |02 870 |0¥T |62 |09  |£80C un
020 0T0 000 OTO-
L L L L L OH.OI
- 000
/€00 09 ST T 70’0 |ZT00 0T'0 00T 0¢ 0.0 vl [4X4 09 6£0¢ unl
) Xeuwr| nIe w/6
el o oL ﬁa o _QOH e | ox | ooy (pJoyd 03 1950sa1 Yy uu hc.i _m\ w_m ;.QE So | Anuspl
ov ov 9 P3ZI[BW.IOU S3}RUIPI002) swl 1 "aAN | fom } A adeys
adeys 39| EN]|
rle 90UBWIO0LNAd uioy Jaddn suonipuo) Buig|

((panunuo)) sedipuaddy Woi4 vl 8duUeWIO0LIdd ‘62 24nbi4 woi4 sadeys 99|

J21 3LV INNIS YO d3LIYDIIV ONISN STianlts "(Dy'z-9 31gvL

Ul 9 = 9 ‘HOJIV 2T00 VOVN ‘G86T ‘0T6E JD ‘4991upa] pue Bulwwsl4 ‘9G "Joy)

G-41



0¢'0 0T'0 000 0oT'0-
J\.\\;ﬁ oro-
] . 10
9100 109 |vT |6 TIT0 |L0T°0 OT0  oo's |0z |og0 |o¥T |6z |09 |9szz unu
02’0 0T'0 000 0T'0-
oo
€600 |6S YT |LT- |¥200 |€00°0 oT0 oo oz 80 |0vT |62 |6  |€G6T uni
0c'o 0oT'0 000 0oT'0-
e
0oT'0
v200 0¢ |0z |z 6T0°0 |T00°0 S0 |0z [8s0 |o¥T |sTr  |oE  |eSTT unu
0¢'0 0oT0 000 0T'0-
e e
06 |vT |se- 12000 |200°0 0 001 oz 80 |ovT |6z |06 |T9gumi
xew|
g O P oo [0 e | ax | oy (pa0uo 03 02dlsa1 Ui g g i ey
oV v oy PazZI[ewIou SayeuIpIood) swl | "AAN | "om } A adeys
adeys a9 39|
ele souewlogiad uloy Jaddn suonpuo) Buiag

((panunuo)) sedipuaddy Woi4 vl 8duUeWIO0LIdd ‘62 24nbi4 woi4 sadeys 99|
Ul 9 = 9 ‘[I0JIV 2T00 VOVN ‘S86T ‘0T6E HD ‘1901upaT pue Bulwwal4 ‘95 “Jay)
3JD01 3LV INAIS ¥O a3 LIYIIV ONISN STIANLS (Dy'z-9 319vL

G-42



0co 0T'0 000 oT'0-
e
- 000
€600 109 (8T |2z |Se000 |9T0°0 70 looT oz €50 |0vT  |Tve |09 |690g uni
0co 0oT0 000 0oT'0-
ot
000
€500 |09 (8T |¥ 0500 |210°0 0T0 oo oz 990 |0vT [T¥E |09 |290Z uni
02’0 0oT0 000 oT'0-
N
000
6200 (09 (8T L2 6£0°0 |700°0 0T g0 oz €50 |0vT  |Tve |09 [T20Z uni
0zo 0T0 000 0T'0-
e
r 000
| - 70 4o
9100 109 |v'T |6 TIT0 |L0T°0 70  loos oz logo |ovr |6z |09 |oszz un
) xewr'y D e w/b o
ol o or uH K woﬁ .0 /X 0 (p1oy3 03 193dsa1 YIM _c_E _E1 »M\ _wu ;»QE o | Anuspl
oV v 8y PaZI[eWIouU $87eUIPI00d) swl | "dAN | "om } A adeys
adeys 89| A
ele s0uBWI0YIad uioy Jaddn suonipuod Buig)

((panunuo)) sedipuaddy Woi4 vl 8duUeWIO0LIdd ‘62 24nbi4 woi4 sadeys 99|
Ul 9 = 9 ‘[I0JIV 2T00 VOVN ‘S86T ‘0T6E HD ‘1901upaT pue Bulwwal4 ‘95 “Jay)
3JD01 3LV INAIS ¥O a3 LIYIIV ONISN STIANLS (Dy'z-9 319vL

G-43



0zo 0T0 000 0T'0-
e
r 000
1200 |09 |0z |s 0v0'0 |S00°0 o0 1g0 oz 990 |o€z |zTv |09 [TLggun
0¢o () 0] 000 0T'0-
R,
000
1100 |66 |02 |¥1-  |2500 |800°0 0T g0 oz 990 |0vT [80r |G |6SZZ uni
02’0 0oT0 000 oT'0-
e
000
0IT0 |T9 [8T |og 2L0°0 5000 0T 00T oz ¥6'0 |OYT [8vE  |T9  [¢Ggg uni
0zo 0T0 000 0T'0-
oT'0-
- 000
¥800 |T9 |81 |z 1500 |£00°0 10 g0 oz ¥6'0 |0vT  [8ve |19 |oggz uni
) xewr'y D e w/b o
ol o or uH K woﬁ .0 /X 0 (p1oy3 03 193dsa1 YIM _c_E _E1 »M\ _wu ;»QE o | Anuspl
oV v 8y PaZI[eWIouU $87eUIPI00d) swl | "dAN | "om } A adeys
adeys 89| A
ele s0uBWI0YIad uioy Jaddn suonipuod Buig)

((panunuo)) sedipuaddy Woi4 vl 8duUeWIO0LIdd ‘62 24nbi4 woi4 sadeys 99|

J21 3LV INNIS YO d3LIYDIIV ONISN STianlts "(Dy'z-9 31gvL

Ul 9 = 9 ‘HOJIV 2T00 VOVN ‘G86T ‘0T6E JD ‘4991upa] pue Bulwwsl4 ‘9G "Joy)

G-44



0zo 0T'0 000 0oT'0-
R,
- 000
$600 62 |0Z |2z |090°0 |S00°0 70 g0 oz €0T |ovT |s6€ 6T |0z un
0¢o 0oT0 000 0T'0-
oo
r 000
v200 |00 |TT |8T ¥e0'0 |TT0°0 oT0 oot oz 960 |0vT |60z |00  |TTyuni
0¢o 0oT0 000 0oT'0-
e
000
0100 |65 |0Z |8T-  |l80°0 |¥T0°0 010 lee0 oz ¥6'0 |OYT |STy  |6G  |€9gg uni
0zo 0T'0 000 0T'0-
T
r 000
6200 09 |61 |p1 ¥£0'0 0100 o0 Ig0 oz 990 |oze |9ty |09 |ogzz uni
) xewr'y D e w/b o
xeu't o o or uH D woﬁ 20 | x| ooy (pI0ya 03 193dsal yum i _E1 »M\ _wﬂ s»QE Jo | Anuspr
oV v 8y PaZI[eWIouU $87eUIPI00d) swl | "dAN | "om } A adeys
adeys 89| A
ele s0uBWI0YIad uioy Jaddn suonipuod Buig)

((panunuo)) sedipuaddy Woi4 vl 8duUeWIO0LIdd ‘62 24nbi4 woi4 sadeys 99|
Ul 9 = 9 ‘[I0JIV 2T00 VOVN ‘S86T ‘0T6E HD ‘1901upaT pue Bulwwal4 ‘95 “Jay)
3JD01 3LV INAIS ¥O a3 LIYIIV ONISN STIANLS (Dy'z-9 319vL

G-45



0zo 0T'0 000 0oT'0-
e
- 000
900 |0€ |0z |2z |¥700 |900°0 T g0 oz 990 |0ovT |80y  |0€  |gLgguni
0co 0T'0 000 oT'0-
e
000
S100 |0 |0T |- 1500 |620°0 0T0 g0 oz 8e'0  |0vT  [80r |0 |6L0Z uni
0zo 0T'0 000 0oT'0-
N
9000 |09 |0z |zT €00 |S00°0 0T 00T oz ¥20 |L2e  |ezr |09 |egz un
0co 0oT0 000 0oT'0-
e
1000 |09 6T g 6£0°0 |S00°0 70 o01 oz v20 |Ter |lezv |09 |gezuni
) xewr'y D e w/b o
ol o or uH K woﬁ .0 /X 0 (p1oy3 03 193dsa1 YIM _c_E _E1 »M\ _wu ;»QE o | Anuspl
oV v 8y PaZI[eWIouU $87eUIPI00d) swl | "dAN | "om } A adeys
adeys 29| 99|
ele s0uBWI0YIad uioy Jaddn suonipuod Buig)

((panunuo)) sedipuaddy Woi4 vl 8duUeWIO0LIdd ‘62 24nbi4 woi4 sadeys 99|
Ul 9 = 9 ‘[I0JIV 2T00 VOVN ‘S86T ‘0T6E HD ‘1901upaT pue Bulwwal4 ‘95 “Jay)
3JD01 3LV INAIS ¥O a3 LIYIIV ONISN STIANLS (Dy'z-9 319vL

G-46



0co 0T0 000 0oT'0-
e
1100 00 |02 |2T-  |vb0'0 |S20°0 T g0 oz ge'0  |OYT |STy |00 [e8sT uni
0co () 0] 000 0T'0-
e
5200 |TO |60 |z |2500 |900°0 0T0 g0 |0z [990 |0¥T |82 |TO  |8vzzun
0co 0T'0 000 oT'0-
e
6100 09 |0z |1 2700 2000 0T0 g0 oz €0T |OvT  [80v |09 |g9G un
0zo 0T0 000 0oT'0-
R oTo-
¥100 |10 |0z 2T ¥50'0 |520°0 10 g0 oz €0T  |0vT  |STP  |TO- |g8S uns
' xew'| D e w/b o
ol o or uH K woﬁ .0 /X 0 (p1oy3 03 193dsa1 YIM _c_E _E1 »M\ _wu ;»QE o | Anuspl
oV v 8y PaZI[eWIouU $87eUIPI00d) swl | "dAN | "om } A adeys
adeys 29| 99|
ele s0uBWI0YIad uioy Jaddn suonipuod Buig)

((panunuo)) sedipuaddy Woi4 vl 8duUeWIO0LIdd ‘62 24nbi4 woi4 sadeys 99|
Ul 9 = 9 ‘[I0JIV 2T00 VOVN ‘S86T ‘0T6E HD ‘1901upaT pue Bulwwal4 ‘95 “Jay)
3JD01 3LV INAIS ¥O a3 LIYIIV ONISN STIANLS (Dy'z-9 319vL

G-47



0zo 0T0 000 0oT'0-
—— oTo-
- 000
8900 |65 |0T L ¥50'0 |TT0°0 0T g0 oz ¥6'0 |0vT [80v |G |S92Z uni
0co 0T’0 000 oT'0-
—— oTo-
- 000
€10 |09 0T ¢ 9600 |220°0 0T0 JooT oz ¥6'0 |0OvT (80 |09 |192Z uni
0zo 0T0 000 0oT'0-
T oT'o-
- 000
9000 |09 |0z |61 |980'0 |6T0°0 0T0  Jeeo oz 990 |0vT [80v |09  |69ZZ uni
0zo 0T0 000 0oT'0-
—— oTo-
000
8100 165 |0z |- €900 |T10°0 70 1o01 oz 990 |ovT |8ov  |6S  |19zz un
) xewr'y D e w/b o
xeu't o o or uH D woﬁ 20 | x| ooy (pI0ya 03 193dsal yum i _E1 »M\ _wﬂ s»QE Jo | Anuspr
oV v 8y PaZI[eWIouU $87eUIPI00d) swl | "dAN | "om } A adeys
adeys 89| A
ele s0uBWI0YIad uioy Jaddn suonipuod Buig)

((panunuo)) sedipuaddy Woi4 vl 8duUeWIO0LIdd ‘62 24nbi4 woi4 sadeys 99|
Ul 9 = 9 ‘[I0JIV 2T00 VOVN ‘S86T ‘0T6E HD ‘1901upaT pue Bulwwal4 ‘95 “Jay)
3JD01 3LV INAIS ¥O a3 LIYIIV ONISN STIANLS (Dy'z-9 319vL

G-48



0z0 010 000 OTO

L L OH.OI
L 000

000 |09 |0¢C Ge- €700 |800°0 oro S0 |0¢ 80 [0YT |80V 09 790 uni

) xewr| DR w6 R
w4 o or ; ¥l _@S o | x| oo (pJoyd 0} 103dsa1 YIm “__% , i £ 4 _ﬂ ;_o_ W o | Anuepr
by ov o POZI[eLLLIOU SaJRUIPI00D) B TaAN | oM } A adeys
adeys 39| 3]
Bleq souBWIOLRd uloy Jaddn suonipuo) buio|

((panunuo)) sedipuaddy Woi4 vl 8duUeWIO0LIdd ‘62 24nbi4 wo.4 sadeys 99|
Ul 9 = 9 ‘[I0JIV 2T00 VOVN ‘G86T ‘0T6E {D ‘1901upaT pue Bulwwsald ‘95 “Jay)
3JD01 ALV INAIS ¥O a3 LIYIIV ONISN STIANLS (Dy'z-9 319vL

G-49/G-50



02’0 0T'0 000 0T 0
e ot
¥900 |09 |TT |L ¥e0'0 (12070 70 g0 oz sLT |oez |11z |09 |60Lun
02’0 0oT'0 000 0T'0-
e
. . . . . 00 . . . .
2200 |09 |oT |- 1200 |¥T0°0 00T |02 990 |0Z€ |€TZ |09 |8zez un
0c'0 0T'0 000 0T'0-
ot
r 000
€00 |09 [TT |z 1700 |T€00 T oot oz 00T |ovT |60z |09 |TEZ UM
02’0 0oT'0 000 0T’ 0-
RN,
r 000
6800 |09 |TT S 6800 |900°0 OT0 1001 oz oyt |ovT |60z |09  |gTEZ U
xew'|
xew'l o g Jok uh:m D _moa .0 /X Y (psoyo 01108dsal yum _c_E _Fi _mE\m ww r__QE oo | Anuapl
by v 8d PaZI[eWIOU S31eUIPI009) swl | "aAN | oM } A adeys
adeys 99| 39|
el 9dueBWIoLIad uioy Jaddn suonipuo? Buig)

(sed1puaddy wol- e1eq adurwIOLIad ‘0E 24nbi4 woi4 sadeys 89|

U1 9 = 9 101V G60TDS ‘G86T ‘0T6E ¥D 4821upaT] pue Bulwwsld ‘9SG Joy)
J21 3LV ININIS O d3LIYDIV ONISN SAIAanLs “(INy'z-9 31gvL

G-51



0c¢'o 0T'0 000 0T'0-
e oTo-
vz00 |1 |ST |0z LS00 |020°0 oo 1p0T oz 290 |0ovT |62 |TE ZyL un
0co 0T0 000 0T'0-
e oT0-
G€00 |0€ |TZ |- |S60°0 |L200 o0 ey0 Joz |orT |ovT |ty |oe  |TTLun
0¢o 0T'0 000 oT'o-
e oT0-
0T'0
8e00 |09 |ST & 9500 [STO0 00T |0Z 290 |ovT |98z |09 /69 uni
0co oT'0 000 0T'0-
ot
0oT0
900 |66 |TT |z¢ 6€£0°0 [8T0°0 G0 |02 90T |0€2 |812 |6'S 0€/ unJ
xeuw'|
e Ok | By 0T g ] ok | o (p10yd 01 108dsal LM i | Wi e ddw g,
oV o o o ' o0 / I oun | ¢ _ o ‘A o
v ov d P3ZI|eW.Iou SaJeuIpJ00d) B dAN | TOMT adeys
adeys 99 99|
rle 9douBWIOLIad uloy Jaddn suonipuo) Buig)

((panunuo)) sedipuaddy wWoi4 el adueWwIolIad ‘0f ainbi4 wou4 sadeys 99|
Ul 9 =9 |I0JIV G60TOS ‘G86T ‘0T6E YO 4821UupaT] pue Bulwwsal4 ‘9SG 'Jod)
321 A3LVINIS YO ad313HI2V ONISN S3Alants () ¥'z-9 31gvl

G-52



0zo 0T'0 000 0oT'0-
e
| m W r 000
0T'0
oe loz & 0TT'0 |150°0 5.0 |0z ovT |STT |18 |0'€  [eTLuni
0co 0oT0 000 0T°0-
e
- 000
¥80'0 |00 |TZ |0€ 1500 |220°0 0T g0 oz €0T |0vT |80 |00 |¥6Guni
0zo 0T'0 000 0T'0-
e
€100 |T€ [Tz |6T- |9€0°0 |200°0 0 g0 loz Joso |o¥T |STH T IpSLuns
0c0 0T0 000 0T'0-
T
. . . . . 0T'0 . . . .
2100 |09 LT |- 850°0 |¥S0°0 00T |0z 060 o€z |sve |09 |19z uni
xew'|
xew'| oy 7 or UGE e .@oH .0 X )Y (p1oyd 01 108dsas yum _:_E _Ea _mE\m w” ;»QE S0 | Anuspl
oV ov 8d PaZI[eWIouU $87eUIPI00d) awn | ‘aAnW | ‘om1 ) A adeys
adeys 29| 99|
eleQ 90UBWIOLIAd uioy Jaddn suonipuo) Buiog

((panunuo)) sedipuaddy wWoi4 el adueWwIolIad ‘0f ainbi4 wou4 sadeys 99|
Ul 9 =9 |I0JIV G60TOS ‘G86T ‘0T6E YO 4821UupaT] pue Bulwwsal4 ‘9SG 'Jod)
321 A3LVINIS YO ad313HI2V ONISN S3Alants () ¥'z-9 31gvl

G-53



020 0T0 000 OTO
0T°0-
‘ 000
) ) ) . ) 010 ) ) ) )
1800 0€ |0¢ LE ¢0T'0 |950°0 G0 |0C a 0'9¢ 8Ty 0¢ TTEC UNI
020 O0T0 000 OT0-
— 0T'0-
. ) ) . . 010 . . . .
9€0'0 00 |0¢ €¢ ¢S0'0 |STO0 S0 |0C 99'0 |0YT 801 00 GTEC unl
020 O0T0 000 OT0
e oT0-
6000 |T9 [Tz |0T-  |¥IT0 |670°0 oro 00T |0z |e0T |06 |vo¥  |T9  lez9um
0Z0 0T0 000 OTO
s oT0-
- 000
010
G200 09 [T¢ 9- G/0°'0 19700 S.°0 0¢ €01 0vl 80¥ 09 009 unl
xew'|
w5 J¥E uc Yol | O el ox | oo (pioyo 03 10adsal yum unw _mE\m 2 bW | fnuep:
by v o pazifew.ou saleuIpiood) SWR | “AAN | TOMT 1 A adeys
adeys 39| 39|
eleq a0uBWI0)Ied uloy Jaddn suonpuo) Buig)

((panunuo)) sedipuaddy wWoi4 el adueWwIolIad ‘0f ainbi4 wou4 sadeys 99|

U1 9 = 9 101V G60TDS ‘G86T ‘0T6E ¥D 4821upaT] pue Bulwwsld ‘9SG Joy)
321 @ILVINIS YO @3LIFDIV ONISN sFiands () ¥'z-9 31gvl

G-54



020 0T0 000 OT0
e ore
6000 |09 |TZ |og-  |€800 |vE0D M0 lgr0 Joz  |990 |os  |vov |09 [tzezum
0Z0 070 000 0T
oo
| N fooo
01’0
6000 09 0¢ [44 TE0'0 |900°0 SL'0 0¢ 99'0 0'€c (444 09 y¢ee uni
020 0T0 000 OT0
oo
. . . . . 01’0 . . . .
7000 09 6'T s GEO'0 |0TO0 SL°0 0¢ 99°0 0'¢ce 9TV 09 9¢eg unl
020 010 000 0T
oo
| > y |ooo
. . . . . 01’0 . . . .
0200 0'¢ 0'¢ 0T- 790°0 |/20°0 GL0 0¢ 99°0 0T 801 0'€ €TeC unl
Xew'|
atielv O % oo O g ox | o (p10yo 03 1030s81 Y uw |l _mE\m . Haw | Anuspr
by ov 8y PaZI[eUWIOoU S8)eUIPI00D) own [ "dAN | "om1 } A adeys
adeys 99| 99|
ele@ 90URWIONRd uloy Jaddn suonipuo) buig

((panunuo)) sedipuaddy wWoi4 el adueWwIolIad ‘0f ainbi4 wou4 sadeys 99|

U1 9 = 9 101V G60TDS ‘G86T ‘0T6E ¥D 4821upaT] pue Bulwwsld ‘9SG Joy)

301 A3LVINNIS YO A313402V 9NISN s31anLts (1) ¥'z-9 31avL

G-55



020 070 000 OT0-
e oTo
‘ V - 000
09 |TZ |eT-  |000 |600'0 o0 lgro Joz |ovT JovT |str |09 |gTLuni
020 0T0 000 0T
o OTO
. . . . . 010 . . . .
T000- |6'S 0¢ 8T- 9,00 |STO0 S.°0 0¢ G8°0 oVt Tcy 6'9 €9 uni
020 0T0 000 OT0
e
000
. . . . . 010 . . . .
T10°0 19 T¢ LT- 0800 (5200 00'¢ 0¢ vZ'0 0T 807 T9 9¢/L uni
, xew'y b1e w/h o
el o or ; ol _%H e | ooax | oy (paoyo 01 19adsal YIM e wrl £ / _ﬂ c.o_E So | Anusp
v v oY PaZI[eWIOU S3JRUIPI00D) sl 1 QAN | oM VA adeys
adeys a9 99|
ele 9oueWIOLAd uloy Jaddn suonipuo) buio|

((panunuo)) sedipuaddy wWoi4 el adueWwIolIad ‘0f ainbi4 wou4 sadeys 99|
Ul 9 =9 |I0JIV G60TOS ‘G86T ‘0T6E YO 4821UupaT] pue Bulwwsal4 ‘9SG 'Jod)
321 A3LVINIS YO ad313HI2V ONISN S3Alants () ¥'z-9 31gvl

G-56



020 0T0 000 OTO-
oT'o-
¢Lv00 |09 TT (374 G000 |T¢O00 010 00T 0¢ 99°0 0'€c |TTZ¢ |09 9T unl
020 0T0 000 0T
e ot
mv - 000
69900 |09 T 12°] 6700 |6€0°0 oro 00T 0¢ 00T 0'ee |TT¢ |09 yyTc unl
0zo oT’0 000 oT'0- _lﬂ—/d
+ + 0T0- P_U
G80T'0 |09 TT 6¢ 9T0'0 |8€0°0 oro 00T 0¢ SL'T ovT |S6T |09 €¢6 uni
020 0T0 000 OT0
ot
010
/%S00 |00 TT S /900 [¥60°0 00T 0¢ SL'T 0vT |60 |00 ¢0TT unl
xewr'|
e} v/ o¥ uh:m Y wOH o9 | X | oy (pJoyo 01308dsa1 ynm - >81 kmE\m % c»o_E oo | Amuspi
oV v 8y P3ZI[ELLIOU S8YBUIPI00D) swl | "AAN | "om1 A adeys
adeys 89 39
€]eq 90UBLIOIA] wioy Jaddn us &l suonIpuo) Buidj :

(sea1puaddy wol e1eq 99uRWIOLISd ‘TE 24nbi4 wWoi4 sadeys 89|
Ul 9 =9 ‘JloJI 60V-0SS 'S86T ‘0T6E YO 1821upaT pue Bulwws]H ‘95 "Joy)
321 3LV INAIS HO a3LIYIIV ONISN STIaNLS (my'z-9 31gvl



0co oT'0 000 OTO-

T
€6200 09 [T |ST-  |2T0°0 |6€0°0 o0 Toor oz 80 |OvT |2z |09 |ZTTZunu
0zo 0oT0 000 0T'0-
T
26100 |09 [T |z1-  |80000 |L€0°0 T oot oz 990 |0v- |s0z |09 |ovTzum
02’0 0T'0 000 oT'0-
e
oT'0
¥r200 09 (2T |z 9000|1700 00T |0z 00T |ov- [s0z |09 |epTzunu
0co oT'0 000 oT'0-
oT'0-
€6100 |09 |TT |6 2200|1200 0 o1 oz se0  |0€z |11z |09 8vTz uni
) xeuwr| D e w/b o
gy O E e e | ax | oy (p1oyo 01 10adlsa1 tam g g U e
oV v 8y P3ZI[ELLIOU S8YBUIPI00D) swl | "AAN | "om1 A adeys
adeys 29| 99|
eleq souBWIoyIad uioy Jaddn suonipuo) Buio)

((panunuo)) sedipuaddy Woi4 eleq aduewI0lIdd ‘TE ainbi4 wou4 sadeys 99|
Ul 9 =9 ‘I0JIV 60V-0SS ‘S86T ‘0T6E YO 4901upa pue Bulwwiald ‘95 Jay)
321 A3LVINAIS O d313HIIV ONISN SAIaNLs (mpy'z-9 31avL

G-58



0co 0T'0 000 O0T0-

e
010
87¢0'0 |6°G ST L- 7700 |EV00 00T 0¢ 290 OvT |¢l¢ |6'S 788 uni
020 0T0 000 OT0-
oo
T
T¢¢00 |0°€ T¢ 0 T¢0'0 |.S0°0 oro SL'0 0¢ 850 ovT |91V |0€ 9TTT unl
0Z0 0T0 000 OT0
e e
¥5200 |0 |02 |0 1£0'0 |1L0°0 o0 Ig0 oz 850 |0 |80v |0'E  [¥TTT uni
0z0 0T0 000 OT0
e oTO
- 09 7T l- 700'0 |SE0°0 0T0 100’1 0¢ 870 OvT |6/¢ |09 ¢9T¢ unl
xew'|
aalbolvs o¥ ﬁc ® e WS o9 | X | oy (pJoyo 01308dsa1 ynm - >81 »mE\m ww r_»o_E oo | Amuspi
oV v 8y P3ZI[ELLIOU S8YBUIPI00D) swl | "AAN | "om1 A adeys
adeys 89| A
€]eq 90UBLIOIA] wioy Jaddn suonIpuo) Buidj

((panunuo)) sedipuaddy Woi4 eleq aduewI0lIdd ‘TE ainbi4 wou4 sadeys 99|
Ul 9 =9 ‘I0JIV 60V-0SS ‘S86T ‘0T6E YO 4901upa pue Bulwwiald ‘95 Jay)
321 A3LVINAIS O d313HIIV ONISN SAIaNLs (mpy'z-9 31avL

G-59



0c'0 0T0 000 O0T0-
P oT'0-

r 000

:

19200 |09 |17 |1 0100 |150°0 oT0 150 oz S80 |0¥T |ST¥ |09 |TE6 UM

0c’0 O0T0 000 OT0-
i 0T'0-

r 000

N

6T¢00 |00 |0¢ 0T L1000 |#¥0°0 oo S.°0 0¢ GE0 OvT |80F |00 0ST¢ uni

0c’0 0T0 000 OT0-
R R S oT'0-

r 000

|

8¢T00 |00 |0¢ S¢- ¢100 |/¥0°0 oro S0 0¢ €E0 ovT |80F |00 ¢ST¢ uni

0c0 0T0 000 OT0-

,,,,,S.o.
01’0
¥S€0'0 |00 0'¢ T- 90’0 10,00 S0 0¢ 850 OvT [20F |00 8¢¢c unl
xewr'|

ie]v O ﬁca oo | T e o | o (p1oyo 01 108dsa1 YM uw | kme\m o haw | Aanuspt
oV v 8y P3ZI[ELLIOU S8YBUIPI00D) swl | "AAN | "om1 A adeys
adeys 29| 99|

eJe(] 39UBWLIOYIA] wioy Jaddn suonIpuo) Buidj

((panunuo)) sedipuaddy Woi4 eleq aduewI0lIdd ‘TE ainbi4 wou4 sadeys 99|
Ul 9 =9 ‘I0JIV 60V-0SS ‘S86T ‘0T6E YO 4901upa pue Bulwwiald ‘95 Jay)
321 A3LVINAIS O d313HIIV ONISN SAIaNLs (mpy'z-9 31avL

G-60



0c’0 0T'0 000 OT0-
i 0T'0-

r 000

N

- 00 |0z & 8200 |990°0 010 00T |02 050 |0VT |80 |00 898 uni

0c0 O0T0 000 OT0-
i 0T°0-

r 000

|

$b200 |00 |TZ |0T-  |6200 |850°0 or0 g0 oz 050 |0%T |ST¥ |00 |T98 UM

0¢c0 010 000 OT0

,,,,,a_o.
15000 |29 |12 |€1- 2200 |€s0°0 oT0 10 oz 050 |0¥T |ST¥ |29 |eSguni
00 O0TO0 000 oOTo
e 0T
see00 |00 |0z |z $200 %500 or0 150 oz 850  |0¥T |zov |00 |ssoT uni
xew'|
oy P DE Lan | e | ok | o (pa0yd 01 108dsa1 YHM ol Bl _mea w MW T p | Anuep:
oV v 8d pPazZI[eWIOU SaJeuIpI009) swl | "AAN | oM } A adeys
adeys a9 89|
ele 9ouew.lopad uloy Jaddn suonpuo) Buig

((panunuo)) sedipuaddy Woi4 eleq aduewI0lIdd ‘TE ainbi4 wou4 sadeys 99|
Ul 9 =9 ‘I0JIV 60V-0SS ‘S86T ‘0T6E YO 4901upa pue Bulwwiald ‘95 Jay)
321 A3LVINAIS O d313HIIV ONISN SAIaNLs (mpy'z-9 31avL

G-61



0c0 O0T0 000 OTO0
P R 010

0To

€0500 |66 |0¢C |V~ G000 |¢L00 00T |0C G680 |0¥T |80F |6G 8T¢c unl

0c0 0T0 000 OTO0
L Il L Il L OH.OI

o0 log0 oz €T |0%T |STF |09 |TTTund

96€00 |09 |TC¢ |C G000 |Tv00

0c0 O0T0 000 OTo-
oT'0-

U L 000

oro 050 |02 Ge'0 |ovT |STY (09 |OTTT und

75000 |09 |T¢ |0T G000 |9T0°0

0c0 O0T0 000 OTO-
L Il L Il L OH.OI

r 000

\J

o0 logo oz s80 |0¥T |ST¥ |09  |/g6uni

0€T00 |09 |T¢ - TT00 |TS00
» xeur| nie w6 5
el 7 ok ; Pl O g ox | o (p1oyo 03 J08dsaI YIM Mﬁ__ _ wri E ,ﬂ vow L et
oy olvd oy PazZI[eLou SafeuIpI009) B TaAN | oM EOA adeys
adeys a9] 99|
Ble( aoueWIOMad uloy Jaddn suonipuo) Buio|

((panunuo)) sedipuaddy Woi4 eleq aduewI0lIdd ‘TE ainbi4 wou4 sadeys 99|
Ul 9 =9 ‘I0JIV 60V-0SS ‘S86T ‘0T6E YO 4901upa pue Bulwwiald ‘95 Jay)
321 A3LVINAIS O d313HIIV ONISN SAIaNLs (mpy'z-9 31avL

G-62



0¢c0 O0T0 000 OTO
i 0T'0-

r 000

J

L2100 |66 |6'T € €100 |#E€00 oro S.°0 0¢ 8€0 0¢e |9TF |6'S 80T¢ uni

0c0 O0T0 000 OTO0-
PR 0T’0-

r 000

J

§6000 |09 |0¢C LT- 6000 |0¥0'0 oo G.°0 0¢ SE0 0€c |[cT¥ |09 €TTc uni

0c’0 0T0 000 OTO0-
f 0T'0-
r 000

J

£€9000 |09 |TZ |2T-  |0€00 |Lb00 0 g0 oz €50 |0b- |00F |09 |pETZ und

00 O0T0 000 OTO0

] oT'o-
L0T0'0 |09 10¢C 8T- 6100 |TS0'0 oro 007 02 67°0 0vT |80y 109 ¢€Tz uni
xew'|
oy 0¥ UGE o' 0 _@3 o0 I/ Y (pioy 0} 30adsas yum _c_E . i _mE\m ww c_QE o0 | Anusp
bV ov 8y pazi[ewlou SayeuIpio0d) own | "AAN | oM ! A adeys
adeys 89 39
ele 9ouew.lopad uloy Jaddn us 9l suonpuo) Buig _

((panunuo)) sedipuaddy Woi4 eleq aduewI0lIdd ‘TE ainbi4 wou4 sadeys 99|
Ul 9 =9 ‘I0JIV 60V-0SS ‘S86T ‘0T6E YO 4901upa pue Bulwwiald ‘95 Jay)
321 A3LVINAIS O d313HIIV ONISN SAIaNLs (mpy'z-9 31avL

G-63



020 0T0 000 OTO-
R S
L9700 |6'S |6'T 6 9000 |/€0°0 oro S.°0 0¢ 99°0 0¢e |9TF |69 G¢ge uni
0Z0 0T'0 000 OT0-
-
000
-
17200 |6 |0°C 6- 9000 [8¥0°0 oro GL°0 0¢ 990 0'€Z |2y |6'S 9¢ce uni
0Z0 0T'0 000 OT0-
e L oTO-
Mu 000
GTT00 |6 |T'C 9T- ¥00'0 |GS0°0 oro S0 0¢ 99°0 0c- |TOF |6'S 0¢¢e uni
020 0T'0 000 OTO-
L 0T'0-
| mv r 000
66000 |09 [0C LT- €¢0'0 |¥S0°0 oro S.°0 0¢ 8€°0 0'€¢ ¢TIy |09 SGTTZ uni
Xew'|
bl P IE Lan [ e | ok | o (p10y2 01 103dsal i g 0 e sy
by v o pazijew.ou Sayeulplood) swin AAN | oM } A adeys
adeys a9 89|
ele 9ouew.oad uloy Jaddn suonpuo) Buig

((panunuo)) sedipuaddy Woi4 eleq aduewI0lIdd ‘TE ainbi4 wou4 sadeys 99|
Ul 9 =9 ‘I0JIV 60V-0SS ‘S86T ‘0T6E YO 4901upa pue Bulwwiald ‘95 Jay)
321 A3LVINAIS O d313HIIV ONISN SAIaNLs (mpy'z-9 31avL

G-64



020 010 000 OT0
ot
010
LTOT'0 |00 0¢ 8 9390°0 |90T'0 G.0 0¢ 9¢€'T 0vT |96 |00 6¢TT uni
020 0T0 000 OT0
e
#9000 |09 T¢ LT- 020’0 |950°0 oro S.°0 0¢ G€0 0v- |00V |09 9€TC uni
020 0T0 000 OT0-
oT'0-
| MU - 000
€000 |09 |TZ |T¢- |9200 |080°0 0T g0 oz 290 |0%- |oov |09  [8ETZ UM
020 0T'0 000 OT0-
. oTe
| mv - 000
010
89T00 |6'S T°¢ 8T- ¢e0’0 |0TT'0 G0 0¢ 00T 0¢- |T0¥ 6'S ¢¢¢e uni
) xew| oe wy/B R
xew'| o oy or UH D _@S .0 /X o (p10yd 03 198dsal yIM »c_E _Ea _M\ »w, ;»QE o | Anuapl
oy v oy PaZI[ew.ou SajeuIpI009) swn | "dAW | "omT VEOA adeys
adeys 99| 39|
ele( 90UBWIO0IAd uloy Jaddn suonipuo) Buio|

((panunuo)) sedipuaddy Woi4 eleq aduewI0lIdd ‘TE ainbi4 wou4 sadeys 99|
Ul 9 =9 ‘I0JIV 60V-0SS ‘S86T ‘0T6E YO 4901upa pue Bulwwiald ‘95 Jay)
321 A3LVINAIS O d313HIIV ONISN SAIaNLs (mpy'z-9 31avL

G-65



0¢c0 O0T0 000 OTO-

s 0T0-
¥0E00 |00 [C¢C 1 €600 |¥S0°0 or'o S.°0 0Z 790 0yl |97 |00 ¢crrunl
) Xew'| D 1e )
o'l o oL ; ! D WOH o | ooax | oo (pJoyd 0} 193dsa1 yIMm e um .mE\ w_ow s_aE So | Anuspr
v v oY PaZI[eWIOU S3JRUIPI00D) SR TaAN | oM VIOA adeys
adeys 9] 99|
eleq 9ouUBWIOLIad uloy Jaddn suonipuo) Buiog

((panunuo)) sedipuaddy Woi4 eleq aduewI0lIdd ‘TE ainbi4 wou4 sadeys 99|
Ul 9 =9 ‘I0JIV 60V-0SS ‘S86T ‘0T6E YO 4901upa pue Bulwwiald ‘95 Jay)
321 A3LVINAIS O d313HIIV ONISN SAIaNLs (mpy'z-9 31avL

G-66



0c0 0T'0 000 OTO-
0oT'0-

r 000

T oot loz  |00T |o¥T |6LZ |8G |z Tz und

GTE00 |8G ST €- ¥10°0 |[TS0°0
0z0 0T0 000 OTO
010"
- 000
010
€650'0 |86 ST G- T€0'0 0800 00T |0C or'T  |0PT  |¢l¢ 8'S 04T¢ unJ
0z0 0T0 000 OTO
, , oTo-
- 000

€0¢00 |85 |CT 0¢ ¥00'0 |TT0°0 oo 00T |0C 0€0 |0PT |60¢ 8'G ¥9T¢ uni

00 0T'0 000 0T'0-

oo
- 000
010
9/¢00 |8'S T 4 8T0'0 |670°0 00T 0¢ 0C'T 0Vl 60¢ 8'G 99T¢ unl
xew'|
el 4 o ﬁh:m S0 woﬁ .0 X N (psoyd 03 198ds84 LPIM _c_E _ wri »mE\m M_ow ;»QE o | Anuspl
oV v 8y PaZI[eWIouU $87eUIPI00d) swl | "dAN | "om 1 A adeys
adeys 29| 99|
eleQ 99UBLLIOLA] uloy Jaddn suonipuo) Bud)

(sea1puaddy wol- e1eq 99urWIOLISd ‘ZE ainbi4 woi4 sadeys 89|
Ul 8€°9 = 2 ‘[10JIV /-HA ‘G86T ‘0T6E YO "1901ups] pue Bulwsl4 ‘95 "18y)
321 A3LVINNIS YO d3LIYIDV ONISN SIIANLS (ADy'z-9 31gv.L

G-67



0c'0 0T'0 000 oT'0-
e oT0-
| r 000
06500 |6 |6T |¥ ¥10°0  |690°0 0T loor oz 00T |0vT [8YE  |6G  |9/TZuni
0co 0T0 000 0T'0-
e oT0-
| r 000
gs 6T |61  |180°0 |980°0 M0 Jog1 |0z |ooT |ovT |TbE  |8'G  |8LTzum
0c'0 0T'0 000 0T'0-
e 0T0-
r 000
609T°0 09 |6T |61 2100 (€600 0T0 1957 oz 00T |0PT |T¥E |09  |¢6TZ UM
0c'0 0oT'0 000 oT'0-
e oo
r 000
¥v200 |86 |§T |Z- 1000 |6£0°0 010 |p0'T |02 9.0 |0Vl |22 |8S 89Tz uni
Xew'|
el P DT Lan [ e | ok | o (p10yo 01 308ds31 Y M_c” un Fo UM ] ey
oV v 8d pazZijew.ou Sajeulplood) wh- 1 aAN | oM } A adeys
adeys a9 39|
ele souewlogiad uloy Jaddn suonpuo) Buiag

((panunuo)) sadipuaddy woi4 eleq aduewWIoLIad ‘Z€ ainbi4 woi4 sadeys 99|
U1 8€'9 =9 |I0HIV L-HA ‘G86T ‘0T6E HO '1901upaT] pue Buiwal4 ‘9G "Joy)
301 A3LVINIS YO Ad31LIHIIV ONISN SAIANLS (ADy'g-9 31gvL

G-68



020 070 000 OT0
oTo-
1 01’0
¥¢¢0'0 |00 (A4 8¢- ¥€0'0 |¥.0°0 SL'0 0¢ 050 0Vt 80 00 9. uni
020 0T0 000 OTO
e oo
010
¢0e00 |00 ¢'¢ T- LEO'0 |S90°0 00T 0¢ 050 0Vl 801 00 ¢9. uni
020 0T0 000 OTO
bt 0T
Mv - 000
. . . . oT'o . . . .
8'G (A4 4% 9000 |TE00 SL'0 0¢ 0€0 0vT 1474 8'G 08Tc uni
020 0T0 000 OT0
ot
| L 000
21200 65 6T |/ 1100 |/£0°0 o0 logo oz |ooT |ovr e l6's  |psTZ und
xew'|
gy O’ E e [ e x| oy (pioyo 03 30adlsa1 Ly g w3 o ey
oy ov o PaZI[eULIOU SeTeuIpI00) oWl "AAN | TOMT 1 A adeys
adeys 29| 39|
eleQ 92UBWIOHS uloy Jaddn suonipuo) buio|

((panunuo)) sadipuaddy woi4 eleq aduewWIoLIad ‘Z€ ainbi4 woi4 sadeys 99|
U1 8€'9 =9 |I0HIV L-HA ‘G86T ‘0T6E HO '1901upaT] pue Buiwal4 ‘9G "Joy)
301 A3LVINIS YO Ad31LIHIIV ONISN SAIANLS (ADy'g-9 31gvL

G-69



020 010 000 OT0
e oro
| M w L 000
. . . . 01’0 . . . .
8'G ¢¢ 0T 0c00 (9500 S.0 0¢ 00T 0Vl 807 8'G ¥8T¢ unl
020 O0T0 000 OT0-
L Il L Il L OH.OI
. . . . . 1 010 . . . .
€/¢00 |0°€ ¢ 9- ¥00'0 |0S0°0 00T 0¢ 050 0Vl STy 0¢ 9€6 unl
020 O0T0 000 OTO
L oTO
W00 0€ |22 T 000 |9v0'0 % oot oz jog0 |owT |sov  |o€  |p8Lun
020 0T0 000 OTO-
e ore
10200 09 |9T |zz-  |60000 |080°0 0 logr oz |z90 |owT |9gz |09 |oLLun
, xeur| Die w6 .
Ul o o or UH D .woa o | oox | ooy (p1oya 0} 198ds31 YHM u .E1 W\ kﬂ s.aE o | Anuspr
by ov oy PazI[eWiou SayeuIpJooa) swh | "dAN | "om1 } A adeys
adeys a9] 99|
Bleq douewIoLIad uloy Jeddn suonipuo) buio)

((panunuo)) sadipuaddy woi4 eleq aduewWIoLIad ‘Z€ ainbi4 woi4 sadeys 99|

U1 8€°9 = 9 ‘[IOHIV /-HA ‘S86T ‘0T6E YO ‘1991upaT pue Buiwwsal4 ‘9G "J9Y)
321 @ILVINIS ¥O @3 LIFDIV ONISN SIIANLS (Ay'z-9 319vL

G-70



020 0T0 000 OT0
R
Mw 000
6100 |09 2T |e- 19000 |020°0 oM oot oz |990 |owT |60z |09 |8gTzun
020 0T0 000 OT0-
e oTO-
- 000
) ) . ) 0T0 ) . . .
8S |cC & L10°0 |€S0°0 GL0 |0 990 |0YT STV 8'S 28Tz uni
) xew| ne w/h o
w5 o® Yol | O el ox | oo (pioyo 03 10adsal yum uiw ot 2 bW | fnuep:
by v o pazifew.ou saleuIpiood) SWR | “AAN | TOMT 1 A adeys
adeys 99| 30|
eleq a0uBWI0)Ied uloy Jaddn suonpuo) Buig)

((panunuo)) sadipuaddy woi4 eleq aduewWIoLIad ‘Z€ ainbi4 woi4 sadeys 99|

U1 8€°9 = 9 ‘[IOHIV /-HA ‘S86T ‘0T6E YO ‘1991upaT pue Buiwwsal4 ‘9G "J9Y)
321 @ILVINIS ¥O @3 LIFDIV ONISN SIIANLS (Ay'z-9 319vL

G-71/G-72



0c0 oT'o 000 0oT'0-
oT'0-

r 000

!

010 00T |02 90T |0%T |SE€ |09 |€9ET unu

¢S8T0 |09 |8T 0 8000 [6S0°0
0z0  0T0 000  OTO
T oT'0-
8G¢00 |09 VT [ ¢10'0 [T200 010 00T |02 ¢90 |0VvT |¢le 09 60€T unJ
020 0T0 000 OTO
1 oT'0-

¥€¢00 |09 |TT 0c- 8T0°0 [S¢00 o0 looT oz 99'0 |0PT |9T¢C 09 18¢T uni

0c0 010 000 OTO

—————+ 0T 0"
0T'0
€¢500 |06 VT 8¢- 8000 |0¥0°0 00'T 0C ¢90 |0VT 6.¢ 0'6 GEET unl
xew'|
x| o 7 or ”:m K .@3 .0 X Y (p4oyd 01 108dsas Y1Im ,c_E _En .mE\m w_n c_QE o0 | Anuspi
by ov 8 PAZI[eLLIOU S3JRUIPI00D) swn- | "aAN | T oM } A adeys
adeys a9] Cal|
suonipuo) Buio|

eleq 99ueWIOIRd uloy Jaddn

(sed1puaddy wol e1eq 99uURWIOLISd ‘€€ ainbi4 woi4 sadeys 89|
ur 9 =9 ‘oI ¥60TDS ‘S86T ‘0T6E YO 1821upa] pue Bulwwsal4 ‘9G "Joy)
321 A3LVINNIS O d3LIYIIV ONISN SIIANLS (Ny'z-9 319v.L

G-73



0c'o 0T'0 000 0T'0-
L L OHOl
| r 000
€CIT0 |09 |LT [4 €700 |890°0 0T'0 |00'T 0¢ 90T () 8¢¢ 09 6TyT unl
020 0T0 000  OTO
, , 0T'0-
000
/96500 |09 |T¢C T 9000 |TL00 010 |G.°0 0¢ AN () 114 09 6.,ET unl
020 010 000  OTO
, , oT°0-
| - 000
¢re0’o |09 |LT 14 G000 |CE00 010 1007 0¢ ¢L0 () e 09 9yET uni
020  0T0 000  0TO
, , 0T°0-
- 000
02100 |09 |8'T |6¢- 6000 |8€0°0 010 00T |02 T1€0 |0vT |TvE |09  [8pET UNI
xeuw'|
el o o o1l Uca K _DOH .0 /X I (pJoypd 0} 193dsa1 yym u ,El .ME\@ w_m s_aE Lo | Anuap
oy ov 9y PaZI|eLWwIou SaJeuIplood) swn | ‘aQAN | ‘oM 1 A adeys
adeys 9| 0|
ele 9ouBWIOLd uloy Jaddn suonipuo) buiog

((panunuo)) sedipuaddy Woi4 vl ddueWIO0LIdd ‘€€ ainbi4 wou4 sadeys 99|

U1 9 = 9 101V ¥60TDS ‘G86T ‘0T6E ¥D 4821upaT] pue Bulwws]d ‘9SG Joy)
321 3LV INNIS YO d3L13YDIV ONISN STIANLS "(MN)yz-9 31gvL

G-74



020 0T0 000 OT0
b 0T0-
010
G¢60'0 |00 (A4 T ¥10'0 |S90°0 GL'0 0¢ 790 0vT 1144 00 GZyT unl
020 0T0 000 OTO
oo
65800 |00 |07 |0T  SI00 |£90°0 o0 looT Joz  |ss0  |0¥T |S6E |00 |STTuN
020 0T0 000 OTO
b+ 0T0-
69¥0'0 |00 ([T'C 8T- €e0'0 |S90°0 010 GL°0 0¢ 850 0vT [401% 00 TOYT uni
020 0T0 000 OT0-
L L L L L OH.OI
| v u - 000
9v0T'0 |09 T°¢ LT 6000 16500 0T'0 |S/°0 0¢ €T 0vT 807 09 GBET unl
: xew'| Die w6 R
et o7 Jk uH K .QOH .0 /X 0 (p10yd 01 108ds31 LIIM uu _E1 _M\ _w, ckaE S0 | Anuspl
oy v 8 PaZ1[eLIIOU SSYeUIPI00) oWl "AAN | TOMT } A adeys
adeys 29| 99|
eleQ 92UBWIOHS uloy Jaddn suonipuo) Buio|

((panunuo)) sadipuaddy woi4 eleq aduewIoLIad ‘€€ ainbi4 woli4 sadeys 99|
ur 9 =9 ‘oI ¥60TDS ‘S86T ‘0T6E YO 1821upa] pue Bulwwsal4 ‘9G "Joy)
321 A3LVINNIS O d3LIYIIV ONISN SIIANLS (Ny'z-9 319v.L

G-75



020 0T'0 000 0T'0-
1 0TO
22000 09 |TZ v €000 |S20°0 OT0 g0 |oz |8s0 |ovT 8oy |09 |/SETum
020 0T'0 000 OT0-
1 0T 0
€900 |09 |TZ |ST  |2000 |.v0°0 00 looT |0z  |8s0 |ovT |ST¥ |09 |6SET un
0c0 0T'0 000 OTOo-
ot
& 000
| 0oT'0
0e¥00 09 |TZ |¥I-  |v200 |8800 SL0 |0z |0ST |ovT |gov |09 |egeT um
0¢0 0T0 000 0T'0-
e
ppE0'0 09 |TZ |ST-  |¥200 |20T0 00 g0 loz  |osT |0¥T |ST¥ |09 |ZTHTun
. xew| nie w/b .
xeu'| o 7 or UH e _@3 .'0 X Y (paoyo 01 109dsas yum .c_E _Ez _m\ _ﬂz ;.QE o | Anuapi
by ov o PaZI[eW.OU SaYeUIPJ009) swn | "aAN | Tom } A adeys
adeys a9] 39|
rle 90UBWIO0LNAd uioy Jaddn suonipuo) Buigy

((panunuo)) sadipuaddy woi4 eleq aduewIoLIad ‘€€ ainbi4 woli4 sadeys 99|

U1 9 = 9 101V ¥60TDS ‘G86T ‘0T6E ¥D 4821upaT] pue Bulwws]d ‘9SG Joy)
321 3LV INNIS YO d3L13YDIV ONISN STIANLS "(MN)yz-9 31gvL

G-76



0z0 0T0 000 OTO
e oT'o-
w \OO.O
76500 |09 |¥V'T TE- 7000 |¥¥0°0 0T0 00T 0¢ vT'T 0Vt ¢le 09 PTET Unl
020 0T0 000 OTO
b oT'o-
U ™
¢1¢0’0 |0°€ T v ¢00'0 (8200 010 00T 0¢ 990 0'€e T7¢ 0¢ 980T uni
020 0T0 000 OO
: : oo
€2500 |0 |TZ |0T-  |Z€0'0 |080°0 o0 15,0 foz  |eso |ovT |goy  |0'E  |8,0T un
020 070 000 OTO
et OTO
g \OO.O
/9T00 |0°€ TT 8¢- T€0'0 |€S0°0 0ro 00T 0¢ 990 oVl 9T¢ 0'€ 6E0T uni
. xew| nie w/b .
xeu'| o 7 or UH e _@3 .'0 X Y (paoyo 01 109dsas yum .c_E _Ez _m\ _ﬂz ;.QE o | Anuapi
by ov o PaZI[eW.OU SaYeUIPJ009) swn | "aAN | Tom } A adeys
adeys a9] 39|
rle 90UBWIO0LNAd uioy Jaddn suonipuo) Buigy

(sea1puaddy wol e1eq 99urWIOLISd ‘vE ainbl4 woi4 sadeys 89|
Ul 9 =9 ‘[10J1 2TOTOS ‘G86T ‘0T6E YO 4821upa] pue Bulwwsal4 ‘9G "Joy)
321 A3LVINNIS YO d3LIYIDV ONISN SFIANLS (INy'z-9 31gv.L

G-77



020 0T'0 000 0T'0-
o oo
v r 000
66600 (09 |TT |9 8T0°0 |S€0°0 1 oTo |00T |02 o¥'T |0¥T 602 |09 Zyez un
0c0 0T0 000 0T'0-
e oTo-
9ze00 (09 |TT |€ 1€0°0 |TTO0 ! 010 |00T |02 00T |0CE |€T2 |09 8y7€z uni
0co 0T'0 000 0T'0-
Ce oo
£9¥00 |09 |TT |OS 6100 [820°0 ! 010 oo |02 00T |0€Z |v0Z |09  |9pEzuni
020 0T'0 000 0T'0-
e 0To-
H r 000
82800 |09 |TT |T 1100 |¥20°0 ! 010 00T |02 00T |0S 02 |09 yee unl
Xew'| e E@
holv/ 0¥ % H o' 0 .08 o'6 9/X 9y (paoyo 03 1dadsal yum ,C_E _Ez .m\ _w c_o_e ~0 | Anuap
oy ov 9y pazi[ewiou Sajeulpiood) swmn | “aAiN | ‘om1 1 A adeys
adeys a9} 39|
eleq 9ouUeW.I0LAd uloy Jaddn suonipuo) bBuiog

((panunuo)) sedipuaddy Woi4 el 8dUeWIOLIdd ‘¥€ ainbi4 wou4 sadeys 99|

U1 9 = 9 ‘101 2TOTOS ‘G86T ‘0T6E ¥D ‘4821upa] pue Bulwwsld ‘9SG Joy)
321 AILVINNIS YO d3L1IUDIIV ONISN STIANLS (INyz-9 31gvL

G-78



020 070 000 OTO
e oTo-
| V , - 000
L 010
88500 |09 ST G- T¢0°0 |TL00 00T 0¢ V1’1l 0vT 6.¢ 09 600T unl
020 0T0 000 OTO
0T'0-
T/.¢00 |09 ST v ¢100 |EV0°0 ! oro 00T 0¢ 290 0vT 6.¢ 09 €T0T unl
020 0T0 000  OTO
A 0T'0-
v.T00 |09 |ST |9%-  |.000 |6200 010 oot |02 0£0 |OvT |6/ |09 |€COT uns
0z0 0OT0 000 OTO-
L L OHOI
V - 000
TTE00 6'S |17 L- €200 |EE00 | 0T0 00T 0¢ 00'T 0vl 60¢ 6'G or€g unl
. xew| De w/B o
el o o Jr ﬁw K WOH .0 /X 0 (p10ys 0y 198dsal yIM i _c:,_ km\ _wu c_QE S0 | Anuspl
bV ov 8y P3ZI[eWIOU S8YRUIPJ009) Sw | "aAN | "OMT } A adeys
adeys 89| 39|
ele( 90UBWIOLNAd uloy Jaddn suonipuo) buig)

((panunuo)) sedipuaddy Woi4 el 8dUeWIOLIdd ‘¥€ ainbi4 wou4 sadeys 99|
Ul 9 =9 ‘[10J1 2TOTOS ‘G86T ‘0T6E YO 4821upa] pue Bulwwsal4 ‘9G "Joy)
321 A3LVINNIS YO d3LIYIDV ONISN SFIANLS (INy'z-9 31gv.L

G-79



02’0 0T’0 000 0T'0-
oo
U 000
6€200 |09 |8T |G-  |¥T0°0 |#v0°0 000 g0 oz |zz0 |osT  |z9e |09 |SwOT uni
020 0T’0 000 OTo0
ot
r 000
9,100 |65 |ST |0 9100 |€£0°0 M0 oo loz  logo lo¥T |zzz  |e's  loggz umi
020 0oT'0 000 oT'0-
N
| 000
il 0T'0
WeTo |09 |ST |bT |62000 |LL0°0 00T |0z |S2T |ovT |ezz |09 |oggTuni
02’0 0T’0 000 0oT'0-
e oTe
| 000
G8TT0 |09 |9T |8T  |62000 |6¥0°0 OT0  lgoT loz  esT |ovT |ooe |09 |e€eT uns
Xeuw'|
Wiy 0¥ m:m Ry .08 o0 | oax | oy (pJoya 03 199dsal yIm i _ci .ME\m w, c.aE oo | Anusp
oy ov 9y PazIjew.ou SaJeuIpJood) Sl "aAN | oM } A adeys
adeys 99| 39]
Ble 90ueWI0IAd uioy Jaddn suonipuo) Buiog

((panunuo)) sedipuaddy Woi4 el 8dUeWIOLIdd ‘¥€ ainbi4 wou4 sadeys 99|

U1 9 = 9 ‘101 2TOTOS ‘G86T ‘0T6E ¥D ‘4821upa] pue Bulwwsld ‘9SG Joy)
321 AILVINNIS YO d3L1IUDIIV ONISN STIANLS (INyz-9 31gvL

G-80



02’0 0oT'0 000 OT0o
e
| V £ 000
9€/00 |06 |ST |9&-  |¥T00 |LS0°0 oro 00T |0z  [290 |ovT |zzz |06 |egoT uns
0c'o 0oT'0 000 OTO-
e
82000 |09 [Tz |91 |€200 |2€0°0 00 g0 loz  |se0 |0¥T |Tzv |09 |T90T uni
00 OT0 000 OToOo
ot
| W r 000
§980°0 |20- (T2 |t 0200 |850°0 00 lg;0 oz |o90 |ovT |sor |zo-  |segzumi
0c'o 0oT'0 000 oT'0-
oo
| D £ 000
¥Z€00 |09 |8T |91  |6T0°0 |190°0 oro 00T |0z |zz0 |ovT |TvE |09 |gwOT uns
Xew'|
eul 4 or mﬁm e ,%H .0 X Y (paoya 01 108dsal yum ,c_E ,Ez _mE\m mm c.QE o | fnuspl
oy ov 9y pazZI[ew.ou Sajeulpi00) owl | "AAW | oM } A adeys
adeys a9} 39]
ele 9oueW.I0LAd uloy Jaddn suonipuo) bBuiog

((panunuo)) sedipuaddy Woi4 el 8dUeWIOLIdd ‘¥€ ainbi4 wou4 sadeys 99|

U1 9 = 9 ‘101 2TOTOS ‘G86T ‘0T6E ¥D ‘4821upa] pue Bulwwsld ‘9SG Joy)
321 AILVINNIS YO d3L1IUDIIV ONISN STIANLS (INyz-9 31gvL

G-81



0c0 0T'0 000 OTO0-
i i i i i 0T°0-
12800 |09 |TZ |8 5000 |990°0 T oor oz  |o60 |0vT |80v |09 |peszunu
020 0T'0 000 OTo0-
e
| S r 000
86200 |09 |TZ |0z- |v€0'0 |ETTO oT0 g0 oz ZUT OV |Tey |09 |0L0T uni
020 0oT'0 000 0oT'o-
e oTo
09 [Tz |lz- |¥E0'0 6800 00 g0 oz |ss0 |ovT |STF |09 |TSOT uni
0c¢o 0T0 000 0T'o-
e ore
Q \oo.o
22100 |09 |TZ |92-  |2€00 |160°0 oro 00T |02 850 |OVT |Tgr |09 |890T uni
) Xew'| nIe w/b
hitbolv/ o UH oD .QS .0 X Y (pJoy 03 10adsal yum ,:_E _En .M\ .ww cko_e o0 | Anuap
oy ov 9y PaZI|eLWwIou SaJeuIplood) swn | ‘aQAN | ‘oM 1 A adeys
adeys 99| 39|
Ble 90ueWI0LIAd uioy Jaddn suonipuo) Buiog

((panunuo)) sedipuaddy Woi4 el 8dUeWIOLIdd ‘¥€ ainbi4 wou4 sadeys 99|

U1 9 = 9 ‘101 2TOTOS ‘G86T ‘0T6E ¥D ‘4821upa] pue Bulwwsld ‘9SG Joy)
321 AILVINNIS YO d3L1IUDIIV ONISN STIANLS (INyz-9 31gvL

G-82



00 O0TO0 000 OTo
e
¥9000 |09 [TZ |se-  |TT00 |0S0°0 M0 lg;0 1T 1850 |0¥T |STY |09 |gggTun
0c0 0T0 000 OTO0-
e
| ww r 000
16000 09 |TZ |92- [€T000 (2500 oT0 g0 Joz 1850 |0¥T |8zv |09  |TEgTun
00 OTO0 000 OTO0
e
| ) 000
25000 |09 Tz 18- |€200 |6v00 OT0  leeo loz  |o60 |o¥T |g0v |09  |9ggzun
0c0 O0T0 000 OTOo
ot
¥ET00 09 |TZ |vI-  |TT00 [¥90°0 70 g0 Joz |00 |0¥T |80F |09  [zeezun
me,_ m @
migg | OF P p g | o | o (p10up 03 yoadlsa L Ll e U e
by v oy PAZI[eWIOU S3JeuIpI00d) sl | "aAN | Tom } A adeys
adeys 29| 99
Bleq 90uBWIOMAd uloy Jaddn suonipuo) Buiog

(panunuo)) sadipuaddy wo.i4 ereq sduewlopad ‘v€ ainbi4 wol4 sadeys a9)

U1 9 = 9 ‘101 2TOTOS ‘G86T ‘0T6E ¥D ‘4821upa] pue Bulwwsld ‘9SG Joy)
321 AILVINNIS YO d3L1IUDIIV ONISN STIANLS (INyz-9 31gvL

G-83



0c0 0T'0 000 0T'0-
ot
r 000
I¥€00 |00 |€Z |ST |8T00 |€S0°0 oT0 g0 oz |v90 |ovT los¥ |00  |6zeT uni
020 0T0 000 OT0-
} i } i 0T'0-
r 000
eyT00 |09 |TZ |8C €200 |990°0 01’0 G/'0 |0S 850 |0¥T |Ter |09 LE2T uni
Xew'|
gy o' E L en e x| oy (p10yo 01 102001 LM TP e
oy ov 9y pazi[ewiou Sajeulpiood) swmn | “aAiN | ‘om1 1 A adeys
adeys a9} 39|
eleq 9ouUeW.I0LAd uloy Jaddn suonipuo) bBuiog

(panunuo)) sadipuaddy wo.i4 ereq sduewlopad ‘v€ ainbi4 wol4 sadeys a9)
Ul 9 =9 ‘[10J1 2TOTOS ‘G86T ‘0T6E YO 4821upa] pue Bulwwsal4 ‘9G "Joy)
321 A3LVINNIS YO d3LIYIDV ONISN SFIANLS (INy'z-9 31gv.L

G-84



020 0T0 000 OTO
C et
59800 |19 [LT |1 1000|1100 10 lgy0 oz 00T |0¥T |8or |T9  |sezzum
020 0T0 000 OTO
e
€200 |09 €T LT- €000 |810°0 010 G680 0¢ 290 0¥t 6.¢ 09 6VTT unl
0z0 0T0 000 OT0-
e ot
T0E00 |09 |9T |0z 90070 |9€0°0 OT0" lego loz  |zz0 |ovT sy |09 |e9TTun
020 010 000 OT0
e
A)
L6T00 |00 8T €- 090'0 |060°0 €90 0¢ 850 0Vt 80 00 GoTT uni
) xew'| D Ie wyb °
xewl o o or nu o |9 g | ox | oy (pa0yo 03 308ds31 UM _c_E _Ez e _w_z L,QE .0 | Anuspl
bv ov 8y PaZI[eLIoU S3JeUIpI009) swn | "dAN | fom1 } A adeys
adeys a9 39|
ele( 9oueWIOLIad uloy Jaddn suonipuo) Buio|

(sed1puaddy wol e1eq 99uURWIOLISd ‘GE ainbl4 woi4 sadeys 89|
Ul GZ'G = 0 ‘[I0JIV 85-HO ‘86T ‘0T6E YO ‘1801upa] pue Butwwald ‘95 "18y)
321 A3LVINNIS YO a3 LIYIIV ONISN STIANLS (1A)yz-9 31gvL

G-85



020 O0T0 000 OT0-
. e
000
01’0
€8T00 |00 0'¢ 6€ 97100 |6¥0°0 €90 0¢ 790 ovT 08y 00 88TT uni
020 0T0 000  OT0
s oT0-
- 000
8T000 |G§S |8T |62~  |9000 |/E0°0 010 g0 |0z 650 |0¥T |ST¥  |§G  |6.8T UuN
020 0T0 000 OT0-
L T
000
LT |lz- 2000 |T¥0°0 00 5,0 oz GE0 |0VT  |S6E  |T9 /8T und
xew'|
xewl o7 o) UEm D _@3 ‘0 9/ 9 (pi0yd 03 300dsal YHM ME” _Ea .mEa wu c_o_E oo | fnuspr
by v od PazI[eW.Iou SajeuIpio0a) w1 TaAn |t omT } A adeys
adeys 89| 99|
eleQ souBWIO0)Iad uloy Jaddn suonipuo) Buig|

((panunuo)) sedipuaddy Woi4 vl 2duUeWIOLIdd ‘GE aInbi4 wou4 sadeys 99|
Ul GZ'G = 9 ‘|10J1V 85-HO 'G86T ‘0T6E YO '1801upaT] pue Buiwws|4 ‘9g ‘Jod)
301 3LV INIS YO ad313HIIV ONISN SAIANLS ()pyz-9 31avL

G-86



020 0T0 000 OTO-
o oT'0-
000
LPE00 |00 |50 |- 6200 (2800 OT0 loor |oz  |990 |0¥T |60z |00 |00 uni
020 0T0 000 OTO
o oTo-
- 000
€500 |09 |50 0T- 0€0'0 |¥80°0 0T0 00T 0¢ 99'0 (0T ¢0¢ 09 8661 uni
020 0T0 000 OO
——+ 070
¢SvT0 |06 S0 9T 9000 |290°0 oro 00T 0¢ 99°0 0Vl 60¢ 06 €00¢ uni
020 070 000 OT0
L 0T'0-
000
0T'0
6€¢0'0 |O'TT |S0 LT 0T00 8700 00'T 0¢ 99°0 0T 602 07T G00¢ uni
) xew'| D1e w/B
Xewl o7 oL ! S0 wOH .0 X Y (p4oyo 01 109dsas Yyum _c_E _51 _M\ w” c.QE S o | Anuspl
oy Pov o PaZI[eLLIOU SJeUIPI002) swn | "aAN | fom } A adeys
adeys a9 39|
eleq 92UBWIONAd uloy Jaddn suonipuo) Buio|

(sed1puaddy wol4 e1eq aaurwWIOLIdd ‘9 sainbi4 woi4 sadeys a9)

Ul 69°2 = 9 ‘[10HIV 85-S ‘G86T ‘0T6E ¥D 4821upaT] pue Bulwwsld ‘9SG "Joy)

301 A3LVINNIS YO A313400V 9NISN S3IANLs (A)yz-9 371avL

G-87



0co 0T0 000 0T'0-
, | , | , 0T'0-

r 000

oro |SL0 |0¢ 99'0 |0VT |T¥E 09 066T uni

6/500 |09 |80 €T- 1000 |¥80°0

00 0T'0 000 oT'o-
, | , | ; 0T'0-

r 000

679T0 |09 |80 g 0000 |T60°0 0T0 |00T |0¢ 99'0 |0VT |T¥E 09 886T uni

0z0 0T0 000 OTO
1 0T0-

r 000

69500 |09 |90 €T 6100 |¥¥0°0 010 00T |0z oy'o |0vT |60C 09 £00Z uni

0c¢0 (o 000 0T'0-
, | , | , 0T'0-

r 000

00 00T |02 00T |0OYT |60 |09 000z uni

98¢1°'0 |09 S0 67 L00°0 6900

, xeuwr'| DI1e
el o 7 or , ! Ko _%H .0 /X Y (pJoya 01 198dsas yum - . _ o ;
by v 8d PazI[eW.ou SajeuIpJ009) swn | "aAN | fom } A adeys
adeus &0 suonIpuo) Buid| %I

|t ) 6, ydw <0 | Anusp

uloy Jaddn

ele aduew.ojiad

((panunuo)) sedipuaddy WoiH el ddURWI0LIRd ‘9F Sainbi4 wo.i4 sadeys 99|
Ul 69°Z = 3 ‘[10JIV 8S-S 'G86T ‘0T6E YO "1921UpaT pue Buluwal ‘9G “Jay)
301 A3LVINIS YO Ad3LIHOIV ONISN SAIANLS (A)y'z-9 31gvL

G-88



0co 01’0 000 0OTO-

— 010
<~
0T'0
¢T¢c0 |09 |60 9¢ 7000 |€0T°0 S0 0¢ 99'0 |0YT 80 09 Ov¢e unl
020 0T0 000 OTO
o 0T
G¢L00 |00 |60 €1 6700 |S90°0 010 g0 0¢ 8¢'0 |07 80 00 TT0C unl
020 0T0 000 OTO
o 0T'0-
9€500 |0€ |60 [T 2200 |880°0 010 |g0 |0z 860 |0¥T |80 |0'€E  |966T un
020 0T0 000 OTO
L L L L L OH.OI
M v - 000
8¥100 |T'9 60 T1¢- ¥70°0 9800 0T'0 |S.°0 0¢ 8€'0 0Vl 80 T9 ¢66T unl
) Xeuwr| nIe w/6
el o oL ﬁa o _QOH e | ox | ooy (pJoyd 03 1950sa1 Yy uu hc.i _m\ w_m ;.QE So | Anuspl
ov ov 9 P3ZI[BW.IOU S3}RUIPI002) swl 1 "aAN | fom } A adeys
adeys 8] 99|
rle 90UBWIO0LNAd uioy Jaddn suonipuo) Buig|

((panunuo)) sedipuaddy WoiH el ddURWI0LIRd ‘9F Sainbi4 wo.i4 sadeys 99|
Ul 69°Z = 3 ‘[10JIV 8S-S 'G86T ‘0T6E YO "1921UpaT pue Buluwal ‘9G “Jay)
301 A3LVINIS YO Ad3LIHOIV ONISN SAIANLS (A)y'z-9 31gvL

G-89



0z0 0T0 000 OT0-
o oTo-
} - 000
92200 |00 |0T |9 SE0°0 |9TT0 or0 10 oz 80 |0%¥T |08y |00 |STOZ uns
0z0 0T0 000 OTO
L oTo-
L 000
T/€00 |T9 |60 |& 2200 |90T°0 70 lg;0 oz 290 |0OYT |20F  |T9  |peBT uni
0z0 070 000 OTO
D oTo-
- 000
. . . . . 010 . . i .
098T°0 |09 60 LC GT0°0 |9TT°0 050 0¢ 00T 0T cov 09 y¥¢e uni
0z0 0T0 000 OTO
C oTo-
- 000
€620 |0°€ 60 8¢ 7000 (1600 oro S.°0 0¢ 99°0 (VR4 STy 0'¢ 9%¢c uni
Xew'|
el 5 Jr uch D _@3 .0 /X I (p1oya 03 108ds8s YIIM i _Ez .mE\m w” c_aE o | Amusp
by v 9y pazijew.ou $ajeulpio09) owml | "aAW | oM } A adeys
adeys 99| EN]|
eleq aduew.oylad uloy Jaddn suonipuo) buiog

((panunuo)) sedipuaddy WoiH el ddURWI0LIRd ‘9F Sainbi4 wo.i4 sadeys 99|

Ul 69°2 = 9 ‘[10HIV 85-S ‘G86T ‘0T6E ¥D 4821upaT] pue Bulwwsld ‘9SG "Joy)
321 @ILVINIS ¥0 @3 LIFDIV ONISN SFIanlts (mA)yz-9 31gvl

G-90



0c0 0T'0 000 OTO

,,,,,oﬁ.o-
D - 000
9T/00 |00 0T ¥ 1100 |¥60°0 o0 lg;o oz se0 0T¢ oy |00 |eTOZUn
Xew'|

el ok % L I _@8 o | oox | oy (p10y0 03 308dsa1 YyM e wri _mE\ b w_ow :_o_ Wl p | Anuepr
by ov o PAZI[EULIOU SSTeUIPI00D) - TaAN | oM } A adeys

adeys 80 30

eleq douewlIoHad uloy Jaddn us &l suonpuo) bBuio| _

((panunuo)) sedipuaddy WoiH el ddURWI0LIRd ‘9F Sainbi4 wo.i4 sadeys 99|
Ul 69°Z = 3 ‘[10JIV 8S-S 'G86T ‘0T6E YO "1921UpaT pue Buluwal ‘9G “Jay)
301 A3LVINIS YO Ad3LIHOIV ONISN SAIANLS (A)y'z-9 31gvL

G-91/G-92



0¢0 (0] 000 0T'0-
i - 0T°0-

w o
0T'0

8¥000 |00 |0C 17 020’0 |8¥0°0 G0 |0¢ 990 |07

80% 00 68¢¢ unl

0¢0 0oT0 000 0T'0-
, | , | , 010"

v -
010 |00'T |0C 990 |0vT |60C 00 96¢¢ unl

8900°0- |00 |TT 0T- 9¢0'0 |6T0°0

0c0 010 000 OTO

oo
/8100 |00 [TT |T 1900|2500 oP0 oot |oz  |990 |ovT |60Z |00  |662Z Un
0zo (0] 000 0T'0-
+ + oTo-
g .
G000°0- |09 T7T ET- 00’0 |¥S0°0 e 00'T 0¢ 990 01 60¢ 09 ¢0gg unl
. Xeuwr| 0 Ie w6 °
aaibelv o¥ ﬁH oo | O e ok | o (p10yp 01 103dsa1 yum - _51 = kw %_E o0 | Anusp
oy ov EN PaZI[eWIoU S$8]eUIPI002) swn | "aAIN | ‘oM } A adeys
adeys 89| 39|
eleq a0uBWI0)Ied uloy Jaddn suonipuo) Buig)

(sed1puaddy wol e1eq 99durwWIOLIad ‘/ € ainbi4 woi4 sadeys 89|
Ul 9 =9 ‘[IoJIV VDD 'S86T ‘0T6E YD '1801upaT pue Bulwiwsa|4 ‘9G "Joy)
321 3LV INAIS O @3 LIYIIV ONISN STIANLS “(xn)y'z-9 319v.L

G-93



0c’o 0T'0 000 OTO-
0T'0-

U -
¥9100 |00 8T €¢ €€0°0 |L¥0°0 ’

010 00T |02 99'0 |0OYT |8¥E 00 ¥6¢¢ uni

0¢0 010 000 OTO

oy 0T'0-
0T'0
8€00°0- |00 0¢ A 7€0°0 |€S0°0 SL'0 0¢ 99'0 0Vl 1474 00 ¢6¢c unl
020 O0T0 000 OTO
o 0T'0-
TZ¢T00 |00 TT - €900 |L€0°0 0T0 oot 0¢ 990 0vT 60¢ 00 €8¢c unl
0Z0 0T0 000 OTO-
L 0T'0-
26700 |00 8T |9 700 2500 010 007 0z 990 |[0vT  |[TvE |00 |98zz un
Xew'|
el o or M:m D _%H o | ooax | ooy (paoy2 03 198dsa1 YpIMm uu _:3 _mE\m w_m c_QE o0 | Anuspl
oV v % PazI[ewIou SeyeuIpIond) swh [ "aAN | fom } A adeys
adeys a9 99|
Ble@ 8oueW.IOLIRd uloy Jeddn

suonipuo) Buigy

((panunuo)) sedipuaddy Woi4 el ddueWIO0lIdd /€ ainbi4 wou4 sadeys 99|
Ul 9 =9 I0JIV VDD ‘S86T ‘0T6E YO 4901upa pue Bulwwiald ‘95 o)
321 A3ALVINAIS O d313YIIV ONISN STIANLS (XNy'z-9 31gvl

G-94



€0°0 100 100 €00
\ o 20'0-
- 000
€ mol
T€00 |00 |2TT |16 |2€00°0 |820°0 €00 o1 |o6T (98T |0T  |SiT 6T d
v0°0 200 000 20°0-
e 20°0-
/& F 000
0 Z Mol
0200 00 |[CTT |8 62000 |LT0O0 9 06T 98'T 0T ST 6T d
v0°0 200 000 200
e 20'0-
. T mol
6000 |00 |ZTT €5 102000 |600°0 00 g 06T 98T [0T  |S/T 61 d
) Xeuwr| n e w/B
xewl o oF Yol | O el ox | ooy (pioyo 03 10adsal yum uiw ot 2 bW | Anuep:
by v o pazifew.ou saleuIpiood) SWR | “AAN | oM } A adeys
adeys 39| 39|
eleq a0uBWI0)Ied uloy Jaddn suonpuo) Buig)

(6T-8T dd ‘1] 8]geL Woi4 el 22URWIOLIAd pue sadeys 99|
Uur zZ =9 1101V $00VvS9 YOWN ‘8S6T ‘TSTY NL ‘Aei9 ‘09 “Jay)
JD01 3LV INAIS ¥O a3 LIYIIV ONISN STIdNLS (N5z-9 319vL

G-95



¥0°0 200 000 200~
——— 200"
- 000
| . 9 Mol
- 00 (90T |8S 6€00°0 |T20°0 €00 a1 §9T |SV'T |SC G.T 0 6T d
¥0'0 200 000 200
—t— 200
000
G Mol
- 00 |90T |2v €6000 |¥T0°0 00 1, §9T |SV'T |9C G.T 0 6T d
¥0'0 200 000 200
e 20°0-
- 000
| ¥ Mol
- 00 [90T |9€ 9€00°0 |900°0 00 g §9T |SV'T |SC S.T 0 6T d
) xew'| D e w/b o
X'l o 7 oL b ! ) wo._” 'O 9/X o] 1] Qto:o 01103dsal YIIm _C_E ) wri »m / »ﬂz c_QF_ o D \O_chb_
oV ov o PaZI[eW.IoU SaYeuIpI00d) swl | "aAN | oM } A adeys
adeys 39| 99|
eleq a0uBWI0)Ied uloy Jaddn suonpuo) Buig)

((panunuo)) 6T-8T dd ‘|1 9]0eL W01 BIeq 92URWIOLIRd pue Sadeys a9)
ur g/ =9 ‘|10l #00vS9 VOVN ‘8S6T ‘TSTY N.L ‘Aed ‘09 “Jad)
301 3LV INAIS YO A313400V 9NISN s3lands “(Nsz-9 31av.L

G-96



v00 200 000 200
L 20'0-
- 000
200 6 MOJ
0100 00 99T |T¢ ¢T100°0 |TC00 L 0sT 060 0T Sl¢ 0 6T d
v0'0 200 000 20°0-
o 200-
L 000
8 Mol
0200 |00 |ZTT |oF  |6€00°0 |6T0°0 00 g S9T |SYT 0T  |SiT [0 61 d
€00  T00  TO0-  £0°0-
L 20'0-
| . / MOJ
000 00 |ZTT S 0ST0°0 |610°0 00 o |ser lse0 Jot szt o 61d
, xew'| Die w6 o
hatbel7 Sl B - L IR P (paoyo 01 308081 Y .M_E rt J B g s
by ov oy PazI[eWiou SayeuIpJooa) wi - CaAn |t om } A adeys
adeys a9] 99|
Bleq douewIoLIad uloy Jeddn suonipuo) buio)

((panunuo)) 6T-8T dd ‘1] 9|geL W01 el 92URW.IOLAd pue Sadeys 99|
ur g/ =9 ‘|10l #00vS9 VOVN ‘8S6T ‘TSTY N.L ‘Aed ‘09 “Jad)
301 3LV INAIS YO A313400V 9NISN s3lands “(Nsz-9 31av.L

G-97



70'0 200 000 200
N 20°0-
- 000
| . 2T Mol
9200 |00 |L'ST |0S 2€00'0 |6T0°0 00 g 0'GT |060 |SC S/¢ 0 6T d
€00 T00 TO0- €00
s £0'0-
- 10°0-
- T0°0
. TT MOl
T€00 |00 |L'ST |[8E €200°0 |820°0 €00 lypr |ger le90 sz S/¢ 0 6T d
700 200 000 200
— €0°0-
- 100
- 100
. 0T Mol
8€0°0 00 L'ST 0§ 0500°0 18200 €00 [4) ST 0C'T 14 VA4 0 6T d
. xewr'| be w/B R
xew'l 4 7 R , ! XY _@S .'0 X Y (p1oyo 0110adsal yrm hc_E _Ez E / .N_e ;.QE o | Anuspl
by ov 8d PazI[eWIoU S3JeUIPI00) owml | "aAW | oM } A adeys
adeys 39| 39|
Ble 99UBWIOLNAd uloy Jaddn suonipuo) Huiog

((panunuo)) 6T-8T dd ‘1] 9|geL W01 el 92URW.IOLAd pue Sadeys 99|
ur g/ =9 ‘|10l #00vS9 VOVN ‘8S6T ‘TSTY N.L ‘Aed ‘09 “Jad)

J21 3LV INNIS Y0 d3LIYDIV ONISN STiands (N5z-9 31gvL

G-98



¥0'0 200 000 200~ 00
e e
- 000
| . ¥ MO
6000 0¢ 9TT |TT- #9000 [920°0 <00 14} L'ET S6°0 0 QLT 4 1z d
¥0'0 200 000 200~ $0°0-
e
- 000
. € Mo
TI00 |02 |9TT |€I-  |8Y00°0 |€€0°0 €00 ot lgor |srT |0 ST |2 T2 d
900 $00 200 000 200
R,
I Z Mol
1000 0¢ 91T |VT- #0000 |8T0O0 coo ] SoT SY'T 0 ST 4 1z d
v0'0 200 000 200~ YO0
e
| T Mol
- 00 |ziT Iz 82000 |820°0 €00, st los0 o siz |0 T2 d
. xew'| D 1e w D o
ol g g o PR o O g | ok | o (p10yo 0} oadsal Yy | WD o L ey
bV ov 8d P3ZI[eWIOU S8YRUIPJ009) S| "aAN | TOMT } A adeys
adeys 89| 39|
ele( 90UBWIOLNAd uloy Jaddn suonipuo) buig|

(TZ-0Z dd ‘1] 3]geL WOI4 BlRQ 22URWIOLIAd pue sadeys 99|

urz. =9 'I0JIV ¥00VS9 VOWN ‘8G6T ‘TGTY NL ‘Ael9 ‘09 "Jod)

J21 3LV ININIS YO d3LIYDIV ONISN SAIAanLs “(1)sz-9 31gvL

G-99



v00 200 000 200
L 200-
- g Mol
6000 0¢ 90T |T¢ 8€00°0 |S00°0 coo € g9T Sl 14 QLT T2d
200 000 200- Y00
, , v0°0-
- 200
000
I / Mol
€200 |0C |2TT |02 ¥000'0 |820°0 00 16 |59T |S¥'T  [0T ST |2 T2d
900 +0'0 200 000 200-
L L 200
- 000
| gmol
8100 0¢ ¢TT |81 ¢000°0 |9T0°0 co0 GL'S 6T 98'T 0T QLT 4 T2d
¥0'0 200 000 200- Y00-
R
000
| G MOl
8000 0'¢ ¢T1 |€T- £000°0 |¥20°0 c00 GZ'¢T |L'ET S6°0 0T SLT 4 12d
xeuw| nie w/b
xewl o o®r . ! Ky .@3 .'0 X Y (pJoya 03 193dsas YIM i hci € / w_m c_o_E So | Anuspr
oV ov 9 P3ZI[BWIOoU S3}RUIPI002) swl 1 TaAN | fom1 } A adeys
adeys 99| 39|
ele 90UBWIO0NAd uloy Jaddn suonipuo) Buig|

((panunuo)) Tz-0z dd ‘11 9jgeL WOoI4 ereq s2uewWIOLId pue sadeys a9)
ur g/ =9 ‘|10l #00vS9 VOVN ‘8G6T ‘TSTY N.L ‘Aed9 ‘09 “Jod)
301 3LV INANIS ¥O 313400V ONISN SAIaNls (1)sz-9 31avL

G-100



900 Y00 200 000 Z00-
L L L L L | I NO.OI
. TT MOJ
1200 0¢ |90T |9 TT00°0 |€200 0o €T 99T |SV'T |S¢ ST 4 T d
v00 200 000 200-
Ao
- 000
| 0T MO
0600 |0C (90T |eF 07000 |T20°0 00yt G9T  |SVT |52 ST 2 12 d
900 ¥00 200 000 200
L L L L L L L NOOI
- 000
. 5 MO
9100 [0¢ |90T €9 8¢00°0 |0T00 <00 VA 99T |S¥'T |SC ST [4 T d
Xew'|
el o, ok ”:m 0 _ooa o | oox | ooy (p0up 0} 193031 YIM M__“L ,Ez _mE\m w_uw s_o_E S0 | Anuspi
by v Y POZI[eLLLIOU SaJRUIPI00D) B TaAN | OMT } A adeys
adeys 39| 3]
Bleq souBWIOLRd uloy Jaddn suonipuo) buio|

((panunuo)) 1z-0z dd ‘11 9jgeL Wo.i4 eleq aJuew.ioad pue sadeys 99|

Ul g, =9 I0JIV ¥00VS9 VOWN ‘8G6T ‘TGTY NL ‘AelD ‘09 "Jod)

J21 3LV ININIS O d3LIYDIV ONISN SAIanls “(1)sz-9 31gvL

G-101/G102



v0'0 200 000 200 Y00
a0
- 000
| . 7 MO
1€0°0 0¢ |L'ST |Sy 2000 |¥¢00 00 4 1) 060 |S¢ T4 4 ced
900 00 200 000 200
L L L L L L L NOOI
- 000
I € MOl
¥200 |0C |LST |9¥  |0000 |6T00 00 g ST 060 |2 |SlZ |2 gzd
900 00 200 000 200
e
L 000
| ZMol
T100 0¢ |L'ST [Ty 0000 {8000 00 € 1) 060 |S¢ S/c 4 ced
v0'0 200 000 200 Y00
AR
| T Mol
9000 07 |21 | 0000 |v200 0, st |os0 o sz |z ezd
» xewr| nie w6
ol ORI O® o e ox | oy (pI0y2 01 198dsa1 LA OB e U ggugpy
by v 8y POZI[eWIOU S3JRUIPI00) awn | "aAN | "oMmT } A adeys
adeys a9] 99]
Bleq a0uBWIOMd uloy Jaddn suonipuo) buio)

(ez-zz dd ‘1] 8jgeL woi4 vl 22ueWIOLIAd pue sadeys 99|
Uur zZ =9 1101V $00VvS9 YOWN ‘8S6T ‘TSTY NL ‘Aei9 ‘09 “Jay)
321 3LV INAIS ¥O a3LIYIIV ONISN STIaNLs “(1mgz-9 31gvl

G-103



500 €00 T00 T00- €00
L e
- 10°0-
[ 8 Mol
£000- |0F |ZTT |2zz- 0000 |0E00 100 Jet LT |s60  |0T ST | gz d
900 Y00 200 000 200
e
- 000
I . J Mol
¢100 0¢ 99T |V T000 |.T0°0 00 . ST 060 0T S/¢ 4 czd
S00 €00 100 T00- €00
L e
- 000
. 9 MOJ
9000 0¢ ¢'LT |8T- ¢00'0 |6T0°0 coo . ST 060 0 S/¢ 4 czd
S00 €00 T00 TO0- €00
R,
- 000
| G Mol
G200 0¢ L'ST |19 0000 |8¢0°0 c00 6 13 060 14 S.C 4 ¢z d
) Xew'| D e w/B
xowl 5 J® . ¥ Ky _03 .0 X M (p1oyd 01 198dsal yIMm i _ wri £ / mw r__QE o | Anuap
by v od PaZI[eWIOU S31eUIPI009) swl | "aAN | oM } A adeys
adeys 99| 39|
elRQ 99URWIOLSd uioy saddn suonpuo) Bud)

((panunuo)) £z-zz dd ‘11 8jgeL wol4 ereq souewWIoLIad pue sadeys a9)

ur g/ =9 '[I0JIV ¥00VS9 VOWN ‘856T ‘TGTY NL ‘Ael9 ‘09 "Jod)

301 3LV INANIS ¥0 313400V ONISN S3ianlts (1)gz-9 31avl

G-104



v00 200 000 200
e 200-
U - 000
I 0T Mo
8200 0¥ [2TT |12 [€000 |T20'0 o g 6T (98T (0T  |S/T  |v ged
v0'0 200 000 200- ¥OO-
Il L L mo.OI
- T0°0-
. 6 MO
1200 oy |ZTT |0 0000 |0€00 100 0T G9T ST 0T ST 14 ged
Xew'|
gy ok %Hm oo | O g ok | ooy (a0 0) 3030531 YYIM uw | _mE\m * v nuep
oy ov 9 P3ZI[eLIoU SeYeuIpI009) | "aAN | FomT } A adeys
adeys 39| 3]
Bleq souBWIOLRd uloy Jaddn suonipuo) buio|

((panunuo)) £z-zz dd ‘11 9jgeL wo.i4 ereq aduew.lopiad pue sadeys 99|

urz, =9 'I0JIV ¥00VS9 VOWN ‘8G6T ‘TGTY NL ‘AelD ‘09 "Jod)

301 3LV INANIS ¥0 313400V ONISN S3ianlts (1)gz-9 31avl

G-105/G106



S00 €00 TOO T00- €00
N
- T0°0-
- 100 ¥ Mo
900'0- |0¥ ¢LT |SE- 0000 |TEO0 L9°LT |E'TT 140 0 574 14 gzd
900 ¥0'0 200 000 200
s £0'0-
- 100
r 100 € Mol
- 0y |90T |26 T00'0 |6T0°0 4 99T Sr'T 14 ST 14 gzd
.00 SO0 €00 T00 T00-
s 20°0-
| Z Mol
- 0% |90T |Z%E [2000 |00 00 e S9T  |S¥'T  |s¢ ST ¥ sz d
900 ¥00 200 000 200-
s 20°0-
- 000
[ T Mol
0200 0y |90T |0¢ 0000 |9T0°0 €00 leeor |L€T S6°0 S¢ ST 14 gzd
) xew'| Die w/b o
xeu'l 4 7 or ) ! D wOH .'0 X Y (p4oyo 01 10adsal yum kc_E _ wri £ / _w_: _‘_»QE J o | Anuspl
oV v oy PazI[eW.Iou SajeuIpio0a) swn | "dAW | "om1 } A adeys
adeys 39| 39|
eleQ souBWIO0)Iad uloy Jaddn suonipuo) Buig|

(gz-vz dd ‘1] 8ajgeL woi4 eleq aduew.olIad pue sadeys 99|

Ul g, =9 I0JIV ¥00VS9 VOWN ‘8G6T ‘TGTY NL ‘AelD ‘09 "Jod)

301 A3LVINNIS YO A313402V ONISN SFIANLS “(A)S2Z-9 31avl

G-107



S00 €00 TOO TOO €00
L s L eger
] - 100
1 - 100 g Mol
¢v0'0  |0F |L'ST |SE 0000 [820°0 SCTT |GT 060 |S¢ Gle 14 Ged
900 00 200 000 200-
RPN
] - 100
1 - 100  MoJ
8000 0y |99T 8¢ 000'0 (8200 S.'0T |ST 060 0T S/¢ 14 Gz d
S00 €00 TOO TOO- €00
e+ 200
- 000
1 9 Mol
9000- |0 |99T |¥E- 0000 8200 €00 1)9eT |geT |€90 |0T Gl¢ 14 Ged
G00 €00 TO0 TO0- €00
I e
, - z00-
- 000 G Mol
¥000- 10V 2.1 - 0000 |/E0°0 €e'8 |67 060 |0 G/¢C 14 Ge d
, xeuwr| De w/B
et o o oL ; ! K WOH o | x| ooy (pIoya 03 193dsa1 YIM i _:i £ / wm ;.QE o | Anuap
bV ov o4 PaZI[eW.IoU SaYeuIpI00d) awn | ‘AA | ‘oM 1 A adeys
adeys 39| 39|
eleq a0uBWI0)Ied uloy Jaddn suonpuo) Buig)

((panunuo)) gz-#z dd ‘11 8jgeL wol4 ereq sduewloIad pue sadeys a9)

Ul g, =9 I0JIV ¥00VS9 VOWN ‘8G6T ‘TGTY NL ‘AelD ‘09 "Jod)

301 A3LVINNIS YO A313402V ONISN SFIANLS “(A)S2Z-9 31avl

G-108



900 ¥0'0 200 000 Z00-
200
- 000
[ . TT Mol
9100 |0 |90T €T |2000 |Z10°0 0o g SO |svT |sg ST v sz d
¥0'0 200 000 Z0°0- ¥00-
b+ £00-
Y - T0°0-
o 0T Mol
8100 ov 99T |T- 0000 |0€00 oo gL S'LT 0C'T 0T VA4 14 gzd
G0'0 €0°0 TO0 TO0- €0°0-
L L L L L L L L MOOI
r 10°0-
- 100 6 Mol
€e00 0V L'GT |€E 0000 |TC00 L S'LT 0C'T 14 VA4 14 gzd
. xeur| Die w6 o
el ORI IE e | e | ax | o (paoyo 01 308081 Y .M_E B B I I o PR T
by ov 8 PazI[eWiou SayeuIpJooa) wi-CaAn | oM } A adeys
adeys 9| el
Bleq douewIoLIad uloy Jeddn suonipuo) buio)

((panunuo)) gz-vz dd ‘11 9jgeL wo.i4 ereq aduew.lopad pue sadeys 99|

Ul g, =9 I0JIV ¥00VS9 VOWN ‘8G6T ‘TGTY NL ‘AelD ‘09 "Jod)

301 A3LVINNIS YO A313402V ONISN SFIANLS “(A)S2Z-9 31avl

G-109/G110



900 ¥00 200 000 200
L e
- 100 7 MO
- 09 |90T |L¢ 0 LT00 0T G9T Sr'T 14 QT 9 lzd
S00 €00 TOO TO0- €00
L L L 1 L L L L mo.OI
z o0
- € Mol
6200- 09 |ZTT |9~ |0 8200 00 et lrer Jse0 0T |&T |9 Lz d
900 ¥0'0 200 000 200- V00
N
- 000 2 MOl
8¢0°0 09 |¢TT |€ 0 0€00 S0t 6T 98'T 0T ST 9 led
900 £0°0 000 £0°0-
.
j L 100
I . T MO
€000~ |09 [ZTT |6T- |0 8200 00 ot lgor spT jor st |9 Lzd
. xewry DI w6 o
htiolv4 o¥ P H oD _@3 o0 IX Y (pJoyo 03 108dsal yum .c_E ,En N / .ﬂ s.o_E o0 | Anuap!
oy ov 8y PaZI[eWIou SajeuIpI009) sl | "aAnW | ToM1 } A adeys
adeys 99| 39]
ele( 80UBWI0LIRd uloy Jaddn suonipuo) Buiog

(22-9z dd ‘1] 8jgeL woi4 vl 22ueWIOLIad pue sadeys 99|

Ul 'z, =9 I0JIV ¥00VS9 VOWN ‘8G6T ‘TGTY NL ‘AelD ‘09 "Joy)

321 3LV INNIS YO d3L3IYDIV ONISN STIANLS (A)sz-9 31gvL

G-111



900 00 200 000 200-
[ 20°0-
| . g Mol
- 08 (91T |z& |0 1100 0o goT |svT |0 ST |8 Lz d
S00 €00 100 TO00- €0°0-
L L L L e
7 I
] - 10°0-
[ ) Mol
0€0'0- |08 ¢TT  |OP- 0 8200 100 77 S9T Sr'T 0T ST 8 Lzd
S00 €00 T00 T0O0- €00-
e £0'0-
1 - 10°0-
| g mol
S¥00- |08 |2TT |- |0 €00 00 71 re1 |60 |oT  |siT |8 lzd
G000 €00 100 TO0- €00
A
] - z00-
f L
- 000 G Mol
9700 08 [¢TT [T 0 1200 8 6T 98'T 0T ST 3 Lzd
. xew| pie w/h o
W'l 7 R b ! ) wo._” 'O 9/X Y Qto:o 01103dsal YIIm _C_E ) wri »m / »wu c_QF_ o D \O_chb_
oV ov o PaZI[eW.IoU SaYeuIpI00d) awn | ‘dAIN | ‘oM 1 A adeys
adeys 39| 99|
ele 90UBWIO0Nad uloy Jaddn suonipuo) Buig|

((panunuo)) 2z-9z dd ‘|1 8j0geL Wwol4 ereq sauewIoIad pue sadeys a9)

Ul 'z, =9 I0JIV ¥00VS9 VOWN ‘8G6T ‘TGTY NL ‘AelD ‘09 "Joy)

321 3LV INNIS YO d3L3IYDIV ONISN STIANLS (A)sz-9 31gvL

G-112



900 $0'0 200 000 Z00-
e L enor
10°0-
. 0T Mol
1200 |08 |90T |ST |0 2100 0o S9T |SvT |s¢ [T |8 lzd
90'0 ¥0'0 ¢0°0 000 cOo0-
L L L mo.OI
r T00-
. 6 MO.
ev0'0- 08 |9TT lz&- 197000 %200 100 . 59T syt o ST |8 Lz d
) Xeur| DIe w/b
et o o Do ; By _DOH e | oox | ooy (pJoyd 0} 1050s31 Y “,_“” .51 € / w_m s_aE S0 | Anuspr
by ov 8y PazI[eWiou SayeuIpJooa) B TAAN | TOMT } A adeys
adeys a9] 99|
Bleq douewIoLIad uloy Jeddn suonipuo) buio)

((panunuo)) 2z-9z dd ‘1] 9jgeL wo.i4 ereq aduew.lopiad pue sadeys 99|

Ul 'z, =9 I0JIV ¥00VS9 VOWN ‘8G6T ‘TGTY NL ‘AelD ‘09 "Joy)

321 3LV INNIS YO d3L3IYDIV ONISN STIANLS (A)sz-9 31gvL

G-113/G114



9000 |07TT S0'0 €00 100 TO0O- £0°0-
8000- 00T R
9T00- |08 000
S000- |09 o 1 mos
1000 |0% |ST'TT |€T-  |0000 |¥20°0 @0 lgzzr |reT |60 0T |SLT |2 6z d
900 %00 <¢00 000 ¢00
e
r T00-
[ € Mol
8200- |0TT |2T'8 |6~ |0000 |E20°0 100 o7 Gl orT |0T ST 1T 6¢ d
900 %00 <¢00 000 ¢co00-
e e
r T00-
I Z Mol
T100- |0'TT [2T'8 |ve-  |0000 |¥200 100 Ig17 g1 00z |01 Ger |11 leed
900 ¥0'0 <200 000 <00
e
r T00-
I T MOJ
2000 |00T |2T'8 |og-  |0000 |020°0 100 o1 81 00z |01 Gz |oT 6z d
Xeuwr|
oy 0¥ % * ) .03 o0 | X | oy (pJoya 03 108dsa1 YIM i _ci mE\m w_ow chaE o0 | Anuspl
oy ov EX PaZI[eWou S31RUIPI00D) swn | “dAIN | ‘oM } A adeys
adeys 89| 39|
Ble 9oueWIOLIad uioy Jaddn suonipuo) Buig|

(6Z-8z dd ‘1] 8jgeL woi4 el 22ueWIOLIAd pue sadeys 99|

Ul g, =9 I0JIV ¥00VS9 VOWN ‘8G6T ‘TGTY NL ‘AelD ‘09 "Jod)

321 AILVINNIS YO d313UDIV ONISN STIants "(1n)sz-9 31gvL

G-115



500 €00 100 T00- £€0°0-
200 |02 B ——— Y
6200 |0°0T ] oo
€800 |08 U o J ol
¢e00 09 STTT |T¢ 0000 |TC00 100 8 6T 98'T 0T QLT 14 6zd
v100 |0¢ 900 00 200 000 200
0100 |00 T e
/7000 |0'8 i 9 Mol
6100 09 9G°0T |0¢ 0000 (9700 co0 €E0T |L€ET S6°0 14 QLT 14 6zd
910’0 |0°TT S00 €00 7100 T00- €00
1200 00T R
1200 08 | 000
G200 09 r G MoJ
1200 |0v |ST'TT |8T 0000|9100 00 g5 6T 98T o1 |S/T [z 62 d
Xeuwr|
el o o R ncum K WOH o | oax | ooy (pIoya 03 193dsa1 YIM e wri »mE\m ww ;.QE o | Anuap
oV ov o PaZI[eW.IoU SaYeuIpI00d) swl | "aAN | oM } A adeys
adeys 99 30
eleq aouBWIOIad uloy Jaddn us &9l suonipuo) Buig| :

((panunuo)) ez-gz dd ‘|1 8j0eL WoI4 ereq s2uewWIOLId pue sadeys a9)

Ul g, =9 I0JIV ¥00VS9 VOWN ‘8G6T ‘TGTY NL ‘AelD ‘09 "Jod)

321 AILVINNIS YO d313UDIV ONISN STIants "(1n)sz-9 31gvL

G-116



020 0T0 000 OTO-
R 0T
. v = VOV
7000 oV eLe |SE- ¥900°0 |0€0°0 oro S ¢t 00T ST- 0€T 14 (), B14
0Z0 0T0 000 OO
L ot
€000 00 t
. 0=VOv
2000 00 |g€L¢ |9T- ¢¢0’0 |¥E00 0ro g A 00T qT- 0€T 0 (VNE
8¢0°0 g’
020 0T0 000 OTO
0200 |0€- e oto
9700 00 L
8100 |02 U oo
1900 0’8 r
1200 [0V |T¥Z |8 0T00 |620°0 oro g 0z 0Tz 81 0T v (9)9 ‘Bi4
020 0T0 000 OT0
9000 |00 e oro
9000 o€ t
8T0°0 01T U F 000
9000 0’8 [
v00'0  |0v |€4T7 |S&-  |¥900°0 |0£00 0ro g z1 00T |ST-  [0ET ¥ (e)9 ‘614
xewr'| ne wy/b
xewl o7 oL : ¥ D _@OH .0 /X o (pJoyd 01 193dsa. yum il hci E / w_ow ;.QE o | Anuap
ov ov 3 P3ZI[BUWIOU SOYRUIPI00D) swl 1 "aAN | fom1 } A adeys
adeys a9 29|
eleq d0URWIONad uloy Jaddn suonipuo) buio|

(T€ 2unBi4 wou4 ereq aduew.oLad

301 A3LVTNINIS 4O d313402V ONISN SAIANLS 9°¢-9 319Vl

Ul TZ =9 '|I0JIV 2T00 VOVN ‘86T ‘9GGGE8 WL VYSVN ‘UOIMBN pue ‘Meys ‘uss|O ‘gzT o)

G-117



0Z0 0T0 000 OTO
R oT°0-
| 8=Vvov
€v0'0 |08 |T¥'C |8 8€00°0 |620°0 0ro g 0¢ 0Tz |87 0€T 8 (9), 614
0z0 070 000 OT0-
R oT'0-
1 ‘S.o ¥ = VOV
200 |0V |T¥C |8 ¢0T0°0 |620°0 g 0¢ 0T'c |87 0€T 4 (9), b4
020 O0T0 000 OTO
R 0T'0-
1 | 0=VYOv
L1000 |00 |T¥F'C |ST L1200 |€E00 oro g 0¢ 0Tz |87 0€T 0 (9), 614
020 0T0 000 OT0
A oT'0-
1 . 8= VOV
/000 |08 |€LC |S¥- 1000°0-|STO'0 oo g 4} 00T |ST- 0€T 8 (e), “Bi4
xew'| D 1e w/b
Xew'l g Jke ) ! D _moa .0 /X Y (psoyo 01108dsal yum _c_E _Fi £ / ww r__QE o | Anuapl
oy ov oy PazI[eWIou S31euIpI009) swl | "aAN | oM } A adeys
adeys 99| Ca|
eleq souBWIO0)Iad uloy Jaddn suonipuo) Buig|

((panunuo)) 1€ 2inbi4 wWol e1eq 99URWIOLISd

301 A3LVTNINIS 4O d313402V ONISN SAIANLS 9°¢-9 319Vl

Ul TZ = 9 ‘[10J1V 2T00 VOWN ‘¥86T ‘955€8 INL WSWVN ‘UOMMBN pue ‘Meys ‘uss|O ‘z¢T "Jod)

G-118



020 0T0 000 OTO
L LT
- 000
I D051~
| 00 yax 602
Y100 |0F |€5C |TT 0¥50°0-{690°0 8 0¢ 0€T |G 0ET 14 01 fi4
020 0T0 000 OT0
R oTo-
¥10°0 0y 1 r
- 000
] ‘ 0.8T-
o0 ydx 60z
ST10°0 0y |8G¢ (VT G9€0°0-1050°0 8 0¢ 0€'T 0 0€T 14 0t bi4
020 0T0 000 OTO
] 0T'0-
| 000 .02
] I ydx 60z
1100 |0v |29¢C |9 2820°0-|€€0°0 010 g 0¢ 0€T |b- 0eT 14 01 fi4
020 0T0 000 OT0
e oTo-
- 000
| 0,9¢-
] . ydx 60z
Z¢100 |0 1€.¢ |91 T010°0-1990°0 oro g 0¢ 0€'T  |GT- 0ET 14 01 fi4
. xew| pie w/h o
Ul or 1 PRy 1O g | o | oy (pa0y2 01 308ds31 YIM s D el ey
oV ov o PaZI[eW.IoU SaYeuIpI00d) swh | "AAW | oM } A adeys
adeys 39| 99|
eleq a0uBWI0)Ied uloy Jaddn suonpuo) Buig)

((panunuo)) 1€ 2inbi4 wWol e1eq 99URWIOLISd

301 A3LVTNINIS 4O d313402V ONISN SAIANLS 9°¢-9 319Vl

Ul TZ = 9 ‘[10J1V 2T00 VOWN ‘¥86T ‘955€8 INL WSWVN ‘UOMMBN pue ‘Meys ‘uss|O ‘z¢T "Jod)

G-119



020 O0T0 000 OTO
NS
H 000 3.2-
] 010 yd 602
1200 |0V |€€C |LT- 6600'0 |6T0°0 t 8 0¢ 0€'T |[8¢ 0€T 14 ot bi4
020 0T0 000 OT0
——t+—+—+—F 0T'0
H 000 3,6-
010 ydx 602
€600 0'v LEC |LT- 6¢2¢0°0-|v70°0 8 0¢ 0€'T €¢ 0€T 14 ot bi4
0z0 0T0 000 OTO
t—f—+—+—+—+ 0T°0"
¥10°0 0y 1 |
H 000 9.8
] 010 ydx 602
¢c00 0y we |L 08€0°0-|870°0 8 0¢ 0€'T 8T 0€T 14 ot bi4
020 0T0 000 OT0
L T
- 000 22T
| 070 yd 602
¥10°0 0'v 6v'¢ |9 69000 (€500 ! 8 0¢ 0€'T 0T 0cT 14 0t bi4
, xeur| o e w/6 o
xewt o o e . 1 D _@3 .0 /X N (p1oy2 01 109ds81 UM i _ wri £ f m_e :»QE S0 | Anuasp
oy v 8y PazZI[eWIOU SaJeulpI00d) awn | ‘aAN | ‘oM 1 A adeys
adeys a9 99|
eleq 9oueWI0)I8d uloy Jaddn suonipuo) Buidg

((panunuo)) 1€ 2inbi4 wWol e1eq 99URWIOLISd
Ul TZ =9 ‘|1I0MIV 2T00 WOWVN ‘786T ‘955€8 INL WSVN ‘UOIMBN pue ‘MeysS ‘Uss|O ‘22T “19d)
J01 A3LVINIAIS 90 d313d02V ONISN S3IdNLS 9¢-9 31avl

G-120



0zZ'0 0T'0 000 OT0-
.
U\Ww [ 000 Qo2
[ or0 yd gee
0€0°0 0y |€6'C |9 8¢€0°0-|¥S0°0 29 0¢ S0'T T 0T¢ 14 0t bi4
020 0T'0 000 OT0-
.
I 010 ya gee
T20°0 0y |80V |9- 0vS0°0-290°0 g 29 0¢ S0'T T 0T¢ 14 0t bi4
020 0T'0 000 OT0-
—t————1 0T'0-
U oo 0.92-
| [ ot ya gee
1700 oy |¥ev |TT- GE€G0'0-1290°0 29 0¢ S0'T ST- 0T¢ 14 0t bi4
020 0T'0 000 OT0
e ot
Uw [ 00° 2uT-
| - ydx 602
6700 0y |T€C [¢¢- ST00°0 |¥20°0 or0 3 0¢ 0T 0¢ 0€T 14 01 b4
xewl o OBl ﬁc ® D wOH i X I (psoyd 01 19adsas yum _c_E _ wri »mE\m »wm c.QE S0 | Anuap
bV ov 9y PaZI[eW.IoU SaYeuIpI00d) swh | "AAW | oM } A adeys
adeys a2 30
eleq a0uBWI0)Ied uloy Jaddn us 9l suonpuo) Buig) _

((panunuo)) 1€ 2inbi4 wWol e1eq 99URWIOLISd

301 A3LVTNINIS 4O d313402V ONISN SAIANLS 9°¢-9 319Vl

Ul TZ = 9 ‘[10J1V 2T00 VOWN ‘¥86T ‘955€8 INL WSWVN ‘UOMMBN pue ‘Meys ‘uss|O ‘z¢T "Jod)

G-121



0c0 O0T0 000 OTO0-

t———t——+ 0T'0
] ‘a.o yd 602
€200 oy |Tv'¢ |8 T600°0 |8€0°0 8 0¢ 0€'T 8T 0€T 14 €1 bi4
020 0T0 000 OT0-
t—f———+—+ 0T°0"
[ or0 ydt GvT
6000 0y |89T |8 6€00°0 |8800°0 8 0¢ 0€'T 8T 06 14 €1 bi4
020 0T0 000 OT0
e ot
M [ 000 2o2-
‘3.0 ydx gee
690°0 0y |0L'€ |€¢ ¢G¢0°0-|TS0°0 29 0¢ S0'T 8¢ 0T¢ 14 0t bi4
020 0T0 000 OTO
e T
] ‘S.o ydx gee
¥S0°0 0y [EB'C [CC 7050°0-/850°0 Z'9 0¢ SO'T 3T 0T¢ 14 01 b4
xew'|
g Jle m:m o _@3 0 apx oy (p10y 01 1990531 YA .c_E _51 .mE\m .ww c»o_:_ op | Anuepr
by ov 8y PaZI[eWIOU S8YRUIPJ009) awn | QAN | ‘oM 1 A adeys
adeys 89| 39|
ele( 90UBWIOLNAd uloy Jaddn suonipuo) buig)

((panunuo)) 1€ 2inbi4 wWol e1eq 99URWIOLISd

301 A3LVTNINIS 4O d313402V ONISN SAIANLS 9°¢-9 319Vl

Ul TZ = 9 ‘[10J1V 2T00 VOWN ‘¥86T ‘955€8 INL WSWVN ‘UOMMBN pue ‘Meys ‘uss|O ‘z¢T "Jod)

G-122



020 0T0 000 OTO-
et OTO
- 000
| o wrl 9z
8900 ov e |0€ GTT0°0 |LE00 oro 8 9 0€'T 8T 0€T 14 v 1 B4
020 0T'0 000 OTO-
1 0T0
- 000
1 r . wr oz
¢e00 ov e |81 6,000 #7700 oo 8 0¢ 0€'T 8T 0€T 14 v T B4
020 0T'0 000 OT0-
oo
- 000
1 . wrl $T
8000 |0v |TbZ |Z1- 82000 |8£0°0 oo g yI  |ogT |81 JoeT  |v v 1 i
020 0T0 000 OT'0-
e oro
- 000
I yd gee
1170 OV |E8'€ |VC 6.00°0 |S80°0 oTo 8 0¢ 0€'T ST 0T¢ 14 €71 614
Xewr|
xewl o Qe u»:m o | O g x| ooy (pJoyo 03 10adsal yum unw |l _mE\m 2 bW || Knuept
by ov 8y PaZI[eWIOU S8YRUIPJ009) awn | QAN | ‘oM 1 A adeys
adeys a2 Eh)
ele( 90UBWIOLNAd uloy Jaddn s 91 suonipuo) buig) _

((panunuo)) 1€ 2inbi4 wWol e1eq 99URWIOLISd

301 A3LVTNINIS 4O d313402V ONISN SAIANLS 9°¢-9 319Vl

Ul TZ = 9 ‘[10J1V 2T00 VOWN ‘¥86T ‘955€8 INL WSWVN ‘UOMMBN pue ‘Meys ‘uss|O ‘z¢T "Jod)

G-123



020 0T'0 000 OT0-
oo
. wrl 9z
¥.¢00 |0V €e'¢ |S€ 6¢70°0 €500 oo 8 9¢ 0€'T 8¢ 0€T 14 g1 B4
020 0T'0 000 OT0-
T
U - 000
. wn 0z
G0¢¢0'0 |0'¥ €€'¢ |8¢ T900°0 8700 oro 8 0¢ 0€'T 8¢ 0€T 14 g1 B4
020 0T'0 000 OT0-
T
[ ] wrl $T
Lvv2c00 0V |E€C |L- 6€00°0 |950°0 oro 8 14" 0€'T 8¢ 0ET 14 g7 6i4
020 0T0 000 OT0-
oo
. wr gg
8600 0% |Tv'z_ 19/ |Z5v0°0 |¥E00 oo g 9¢  logT 18T l0eT v v 1 i
Xewr|
xewl o Qe u»:m o | O g x| ooy (pJoyo 03 10adsal yum unw |l _mE\m 2 bW || Knuept
by ov 8y PaZI[eWIOU S8YRUIPJ009) awn | QAN | ‘oM 1 A adeys
adeys 89| 39|
ele( 90UBWIOLNAd uloy Jaddn suonipuo) buig)

((panunuo)) 1€ 2inbi4 wWol e1eq 99URWIOLISd

301 A3LVTNINIS 4O d313402V ONISN SAIANLS 9°¢-9 319Vl

Ul TZ = 9 ‘[10J1V 2T00 VOWN ‘¥86T ‘955€8 INL WSWVN ‘UOMMBN pue ‘Meys ‘uss|O ‘z¢T "Jod)

G-124



020 0T0 000 OT0-
e oto
- 000
1 . wrl T
S00°0 (VR4 e |gc 7,000 |¥#20°0 oro € 7T 0€'T 8T 0ET 14 avr b4
0z0 0T'0 000 OT'O-
oo
- 000
. wn 9z
€T0°0 (VR €Lre |vi- 90€0°0 {¢80°0 oro 8 9¢ 0€'T ST- 0€T 14 27T bi4
020 0T0 000 OT0-
T
L 000
[ ] wrl 0z
Z100 |0 |esz |ST- |€2200 |S90°0 oo g 0z |ogT |sT-  loer v 0 1 b1
020 0T0 000 OTO-
oo
- 000
. wrl 4T
5000 |07 €17 |G- ¥ST0'0 |1S0°0 oo g yT 08T ST- |0ET ¥ 2 11 i
Xewr|
xewl o Qe u»:m o | O g x| ooy (pJoyo 03 10adsal yum unw |l _mE\m 2 bW || Knuept
by ov 8y PaZI[eWIOU S8YRUIPJ009) awn | QAN | ‘oM 1 A adeys
adeys 89| 39|
ele( 90UBWIOLNAd uloy Jaddn suonipuo) buig)

((panunuo)) 1€ 2inbi4 wWol e1eq 99URWIOLISd

301 A3LVTNINIS 4O d313402V ONISN SAIANLS 9°¢-9 319Vl

Ul TZ = 9 ‘[10J1V 2T00 VOWN ‘¥86T ‘955€8 INL WSWVN ‘UOMMBN pue ‘Meys ‘uss|O ‘z¢T "Jod)

G-125



0¢c0 0T0 000 OT0

N
g - 000
| o wr oz
18800 |0 |EB8E (8¢ T900°0 |¥8¥0°0 oro 29 0¢ S0'T 8T 0T¢ 14 ERARE]
020 0T'0 000 OT0-
LT
v - 000
1 i wrl 41
6€¢00 |0 |E8E |I- 6€00°0 |¢SS0°0 oro 29 14 S0'T 8T 0T¢ 14 ERARE]
020 0T0 000 OTO
e ot
0 wnl 9z
0T'0
1200 |0v |T¥'C |T- ¥020°0 |920°0 € 9¢ 0€T |87 0¢T 14 a1 b4
020 0T0 000 OT0
S T
[ wr oz
0T'0
2100 |0 \Tv'e |/- 16100 |£20°0 ) 0¢ 0T |87 0ET 4 a1 b4
xew'|
g Jle m:m o _@3 0 apx oy (p10y 01 1990531 YA .c_E _51 .mE\m .ww c»o_:_ op | Anuepr
by ov 8y PaZI[eWIOU S8YRUIPJ009) awn | QAN | ‘oM 1 A adeys
adeys 89| 37|
ele( 90UBWIOLNAd uloy Jaddn suonipuo) buig)

((panunuo)) 1€ 2inbi4 wWol e1eq 99URWIOLISd

301 A3LVTNINIS 4O d313402V ONISN SAIANLS 9°¢-9 319Vl

Ul TZ = 9 ‘[10J1V 2T00 VOWN ‘¥86T ‘955€8 INL WSWVN ‘UOMMBN pue ‘Meys ‘uss|O ‘z¢T "Jod)

G-126



020 070 000 OT0
e 0T
I wnl 9z
v/200 |0V [85C |8 T¥00°0 |290°0 oro 8 9z €T |0 05T | 41 614
020 0T0 000 OT0-
L ot
r wr oz
€CT00 |0F 89'¢ |0T- 9TTO0 |090°0 oro 8 0¢ €T 0 0€T 14 47T 614
020 0T0 000 OT0-
L T
I wn T
010
G9/000 |0V 8G'¢ |T¢- 09700 |€S0°0 8 14" €T 0 0ET 14 4 7T 614
0z0 0T0 000 OT0
C oo
Wm - 000
r wrl g9z
96TT'0 0V |€8'€ |GE 6210°0 122500 0T'0 z9 |9z 50T 8T 01z v 3 v1 b4
Xeur|
xewl o Qe u»:m o | O g x| ooy (pJoyo 03 10adsal yum unw |l _mE\m 2 bW || Knuept
by ov 8y PaZI[eWIOU S8YRUIPJ009) awn | QAN | ‘oM 1 A adeys
adeys a9 30
ele( 90UBWIOLNAd uloy Jaddn s 91 suonipuo) buig) _

((panunuo)) 1€ 2inbi4 wWol e1eq 99URWIOLISd

301 A3LVTNINIS 4O d313402V ONISN SAIANLS 9°¢-9 319Vl

Ul TZ = 9 ‘[10J1V 2T00 VOWN ‘¥86T ‘955€8 INL WSWVN ‘UOMMBN pue ‘Meys ‘uss|O ‘z¢T "Jod)

G-127



020 0T0 000 OT0
oo
- 000
r mE\@H
010
Y100 ov 8G'¢ |ET- 0€2¢0°0 €900 8 0¢ 00T 0 0€T 14 g1 Bi4
020 0T0 000 OT0
et 0T0r
- 000
1 . Wb ot
6€0°0 ov e |€c 08000 [8€0°0 oo 8 0¢ 09T 8T 0€T 14 v ST B4
020 0T0 000 OT0
: : —+ 0T'0-
000
BT
¥200 |0V |T¥'Z |2T  |SL00°0 |2v0°0 oo g 0z |0gT 8T |oeT ¥ v ST bi
020 0T0 000 OT0-
ot
- 000
1 . /BT
6100 07 _|Tv'z (€T €100 |150°0 oo g 0z 00T 18T l0ET ¥ v 51 b1
Xeuw'|
xewl o Qe u»:m o | O g x| ooy (pJoyo 03 10adsal yum unw |l _mE\m 2 bW || Knuept
by ov 8y P3ZI[eWIOU S8YRUIPJ00D) awn | QAN | ‘oM 1 A adeys
adeys 89 h)
ele( 90UBWIOLNAd uloy Jaddn s 91 suonipuo) buig) _

((panunuo)) 1€ ainbi4 wWol4 e1eq 8ourWIOLIDd

301 d3LVTNINIS 4O d313422V ONISN SIIANLS 9°¢-9 319Vl

Ul TZ = 9 ‘[I0M1V 2T00 VOVN V86T ‘955€8 INL VSVN ‘UOMMBN pue ‘Meys ‘uss|O ‘ZZT "J3d)

G-128



020 0T0 000 OTO0
L T
T . bz
¥¢0'0 |0v |8S¢C |L- ¥120°0 |¥80°0 oo 8 0¢ 00C |0 0€T 14 46T B4
020 0T0 000 OTO0
L ot
1 I BT
8100 |0 |85¢C |CT- ¥920'0 1890°0 oTo 8 0¢ 0€T |0 0ET 14 g 6T B4
xewl o OBl ﬁc ® D wOH i X I (psoyd 01 19adsas yum _c_E _ wri »mE\m »wm c.QE S0 | Anuap
bV ov 9y PaZI[eW.IoU SaYeuIpI00d) swh | "AAW | oM } A adeys
adeys a2 30
eleq a0uBWI0)Ied uloy Jaddn us 9l suonpuo) Buig) _

((panunuo)) 1€ 2inbi4 wWol e1eq 99URWIOLISd

301 A3LVTNINIS 4O d313402V ONISN SAIANLS 9°¢-9 319Vl

Ul TZ = 9 ‘[10J1V 2T00 VOWN ‘¥86T ‘955€8 INL WSWVN ‘UOMMBN pue ‘Meys ‘uss|O ‘z¢T "Jod)

G-129/G-130



020 0T0 000 OTO
A 0T'0-
000
| e uni
L2100 |0y |T'€ |9¢- 7800°0 |S€0°0 00 g (014 00T |ST- 06T 14 16-0€-L
020 0T0 000 OTO
N
000
zZunl
LZT00 |0y |T€ 8T- ¥00'0 |€20°0 0To g 0¢ 00T ST~ 0ST 14 T16-0€-L
ozo (0] 000 0oT’0-
i i oT'0-
r 000
. G unl
60T00 |Ov |T€ [4% 0T00 |LEOO ore 9 0¢ 00T ST~ 0ST 14 16-G¢-L
020 O0T0 000 OT0
. oTo
- 000
‘ 01’0 6 un
62100 0y |T'€ |/¢- 9¥T0°0 [Z¥0°0 9 0C 00T  |ST- 0GT 14 16-G2-9
. xeury ple w/b o
xeurl o o ok . ! K wOH 29 | x| oy (pioys 03 10adsal yim uu _81 £ / »w_ﬁ c_QE o | Anuspr
oV v 8y PazI[ewIou SeyeuIpIond) swn [ "aAN | fom } A adeys
adeys a9 99|
Ble@ 8oueW.IOLIRd uloy Jeddn suonipuo) buiog

((s¥250T W) Z 819eL pue (#2€S0T L) L pue g saunbiq :eyeq Beig
Ul TZ = 9 ‘[I0JIV 2T00 VOWVN ‘786T ‘S¥2G0T L PUB ¥2€S0T L WSVN ‘puog pue uiys ‘TGT pue 0GT 'S}od)
321 @ILVINIS ¥O A3LIFDIV ONISN SIIANILS “2'2-9 I19vL

G-131



020 070 000 OTC
e oT0-
| 010 v
G9T00 (0¥ [L¢C 1 8900°0 |620°0 9 0¢ 00T 8T 0ST 14 T6-v2-9
020 070 000 OO0
e oT0-
U \OO.O
i ¥ uni
€¢T00 |0 |8¢ 9T- ¢v00°0 |0€0°0 oro 9 0¢ 00T 4 0ST 14 T16-€¢-L
0z0 0T0 000 OTO-
— oT°0-
U [0
I g uni
G¢100 |0y |8¢C A% 7,000 |0€0°0 0To g 0¢ 00T T 0sT 14 16-G¢-9
0z0 070 000 OTO
— oT°0-
I g uni
€¢100 0 16°C 0¢- 1800°0 |¥€0°0 00 g 0¢ 00'T T 05T 14 16-G2-9
xew'|
el o QI u»:m o | O g x| ooy (pJoyo 03 10adsal yum uw | _mE\m 2 bW | Kanuept
by ov 8y PaZI[eWIOU S8YRUIPJ009) awn | QAN | ‘oM 1 A adeys
adeys 89| 39|
ele( 90UBWIOLNAd uloy Jaddn suonipuo) buig)

((penunuo)) (eS0T INL) Z dlgeL pue (¥/€S0T INL) L pue 9 saunbi4 :ejeq Beiq

Ul T2 = 9 '[10J1V 2700 VOVN ‘¥86T ‘€7/S0T INL PUe #2€S0T WL VYSVN ‘puog pue Uulys ‘TGT pue OGT 'sjoy)
301 A3LVTININIS 40 d313402V ONISN S3IANLS L¢-O 319Vl

G-132



020 0T0 000 OT0
s 010
T [ . zuni
€rc00 |0V |L¢C 0 ¢v00°0 |920°0 oro 9 0¢ 00T [44 0ST 14 16-62-L
020 O0T0 000 OTO
L 0T°0-
T [ . zuni
¥¢¢00 |0v |L¢C 14 6500°0 |0€0°0 oro 9 0¢ 00T [44 0ST 14 T16-¢¢-L
020 0T0 000 OT0-
— oT'0-
1 . T uni
60200 |0 |LC |S 6500'0 |620°0 oo 9 0¢ 00T |2¢ 0sT 14 16-¢¢-L
020 0T0 000 OT0
s 0T'0-
. T uni
0€200 0¥V |L¢C ¢ ,600°0 |7€0°0 oro 9 0¢ 00T [2¢ 0GT 4 16-82-9
xew'|
g Jle m:m o _@3 0 apx oy (p10y 01 1990531 YA .c_E _51 .mE\m .ww c»o_:_ op | Anuepr
by ov 8y PaZI[eWIOU S8YRUIPJ009) awn | QAN | ‘oM 1 A adeys
adeys 89| 37|
ele( 90UBWIOLNAd uloy Jaddn suonipuo) buig)

((penunuo)) (eS0T INL) Z dlgeL pue (¥/€S0T INL) L pue 9 saunbi4 :ejeq Beiq

Ul T2 = 9 '[10J1V 2700 VOVN ‘¥86T ‘€7/S0T INL PUe #2€S0T WL VYSVN ‘puog pue Uulys ‘TGT pue OGT 'sjoy)
301 A3LVTININIS 40 d313402V ONISN S3IANLS L¢-O 319Vl

G-133



020 0T0 000 OT0
t—t———— 0T°0-
1 ‘oﬁ.o T uni
T/¥00 |0V |9¢C 0¢ Y1700 |920°0 9 0¢ 00T 8¢ 0ST 14 16-G2-9
020 070 000 OT0
L oro
. T uni
0LE00 |0V |L¢C 14 €.00°0 |820°0 oo 9 0¢ 00T 14 0ST 14 T16-62-L
020 070 000 OT0
e oTO-
| g uni
LSv00 |0V |L°¢C GT €800°0 [9¢0°0 oo 9 0¢ 00T G¢ 0ST 14 16-8¢-9
020 0T0 000 OT0
L 010
. € uny
EEV0'0 0V |L°¢C S T9T0°0 |EE0°0 oT0 9 0¢ 00'T G¢ 0ST 14 16-G¢-9
xew'|
el o QI u»:m o | O g x| ooy (pJoyo 03 10adsal yum uw | _mE\m 2 bW | Kanuept
by ov 8y PaZI[eWIOU S8YRUIPJ009) awn | QAN | ‘oM 1 A adeys
adeys 89| 39|
ele( 90UBWIOLNAd uloy Jaddn suonipuo) buig)

((penunuo)) (eS0T INL) Z dlgeL pue (¥/€S0T INL) L pue 9 saunbi4 :ejeq Beiq

Ul T2 = 9 '[10J1V 2700 VOVN ‘¥86T ‘€7/S0T INL PUe #2€S0T WL VYSVN ‘puog pue Uulys ‘TGT pue OGT 'sjoy)
301 A3LVTININIS 40 d313402V ONISN S3IANLS L¢-O 319Vl

G-134



0c0 010 000 OTO

e oTo
U - 000
| T guny
60700 (0¥ (9% |T¢€- ¢ST00 |TSO'0 oro L 0¢ S50 |ST- 0ee 14 16-€-8
020 O0T0 000 OTO0
, , 0T'0-
U - 000
| 6 unl
¢r100 (0¥ |97  |9¢- 92100 |¥€0°0 oro L 0¢ S50 |ST- 0ee 14 16-C-8
020 0T0 000 OTO
t——t—+—+ 0T'0"
. ¥ unu
9¢500 |0 |9¢ 8T €800°0 |820°0 oo 9 0¢ 00T 8¢ 0ST 14 T6-1€-L
020 0T0 000 OTO-
t—t——+—+ 0T°0-
‘odo G uny
y0¥0°'0 |0y |97¢C L ¢0T0°0 175200 9 0¢ 00T 8¢ 0ST 14 16-8¢-9
Xew'|
el o o oL ncum K WOH o | oax | ooy (pIoya 03 193dsa1 YIM i _:i »mE\m wm ;.QE o | Anuap
oV ov o PaZI[eW.IoU SaYeuIpI00d) swl | "aAN | oM } A adeys
adeys 39| 99|
ele 90UBWIO0Nad uloy Jaddn suonipuo) Buig|

((penunuo)) (eS0T INL) Z dlgeL pue (¥/€S0T INL) L pue 9 saunbi4 :ejeq Beiq

Ul T2 = 9 '[10J1V 2700 VOVN ‘¥86T ‘€7/S0T INL PUe #2€S0T WL VYSVN ‘puog pue Uulys ‘TGT pue OGT 'sjoy)
301 A3LVTININIS 40 d313402V ONISN S3IANLS L¢-O 319Vl

G-135



020 0T0 000 OT0-
, , 0T'0-
1 . 9 uny
8¥100 |0 [TV 8- GE00'0 |TE00 oro L 0¢ SG'0 |CT 0€¢ 14 16-¢-8
020 O0T0 000 OT0
t—t—t—+—— 0T'0-
U - 000
] o ¥ uni
G8100 |0v [TV €¢- T.00°0 |¥€0°0 oo A 0¢ 960 |CT 0€¢ 14 16-T-8
020 0T0 000 OTO-
, , 0T'0-
U L 000
1 . guni
8¢T00 (0¥ [E€F 6¢- ¥500°0 |6€0°0 oo JA 0¢ 960 T 0€¢ 14 16-¢-8
020 0T0 000 OTO-
e oTo
1 . 6 uni
0TT00 0¥V 9% TE- 0€TO'0 |8¥0°0 oo A 0¢ SG°0 ST- 0€¢ 14 16-€-8
Xew'|
el o o oL ncum K WOH o | oax | ooy (pIoya 03 193dsa1 YIM i _:i »mE\m wm ;.QE o | Anuap
oV ov o PaZI[eW.IoU SaYeuIpI00d) swl | "aAN | oM } A adeys
adeys 39| 99|
eleq a0uBWI0)Ied uloy Jaddn suonpuo) Buig)

((penunuo)) (eS0T INL) Z dlgeL pue (¥/€S0T INL) L pue 9 saunbi4 :ejeq Beiq

Ul T2 = 9 '[10J1V 2700 VOVN ‘¥86T ‘€7/S0T INL PUe #2€S0T WL VYSVN ‘puog pue Uulys ‘TGT pue OGT 'sjoy)
301 A3LVTININIS 40 d313402V ONISN S3IANLS L¢-O 319Vl

G-136



020 0T0 000 OT0
e Lot
. guni
€¢¢00 |0 |0Y 9T- LE00'0 |EE0°0 oo JA 0¢ SG°0 [44 0€¢ 14 T16-€-8
020 0T0 000 OT0
t—t———— 0T°0-
] r g uni
70200 |0v |0V LT 9.00°0 |9€0°0 oro JA 0¢ SG°0 [44 0€¢ 14 T6-1-8
020 0T0 000 OT0
R
1 | f uni
¢9100 |0v |0Y 8T- ¥G00°0 |¥€0°0 oro L 0¢ GG'0 |8T 0€¢ 14 16-¢-8
020 0T0 000 OTO
.
000
o0 / uny
98100 0 [TV 9- 96000 |TE0'0 A 0¢ GG'0  [¢T 0€¢ 14 16-€-8
xew'|
el o QI u»:m o | O g x| ooy (pJoyo 03 10adsal yum uw | _mE\m 2 bW | Kanuept
by ov 8y PaZI[eWIOU S8YRUIPJ009) awn | QAN | ‘oM 1 A adeys
adeys 89| 39|
ele( 90UBWIOLNAd uloy Jaddn suonipuo) buig)

((penunuo)) (eS0T INL) Z dlgeL pue (¥/€S0T INL) L pue 9 saunbi4 :ejeq Beiq

Ul T2 = 9 '[10J1V 2700 VOVN ‘¥86T ‘€7/S0T INL PUe #2€S0T WL VYSVN ‘puog pue Uulys ‘TGT pue OGT 'sjoy)
301 A3LVTININIS 40 d313402V ONISN S3IANLS L¢-O 319Vl

G-137



0¢c0 O0T0 000 OTOo-

t—t—+——— 0T°0-
T ‘S.o zuni
0L¢00 (0¥ |6°€ TT- 0800°0 |LSE00 JA 0¢ SG°0 G¢ 0€¢ 14 T16-€-8
020 0T0 000 OTO
A 0T'0-
. zunl
¥9¢00 |0y |6°€ 9- LE00°0 |SSEQ00 oo JA 0¢ SG°0 G¢ 0€¢ 14 16-¢-8
020 0T0 000 OTO-
e oTo-
‘odo G uni
17200 |0F |0V |9 8900°0 |820°0 L 0¢ G50 |¢¢ 0€e 14 16-€-8
020 0T0 000 OT0
R
| r ¥ uny
20200 0¥ |0V |6T- 19000 |/€0°0 010 L 0¢ GG'0 [2¢ 0€C 4 16-€-8
xew'|
g Jle m:m o _@3 0 apx oy (p10y 01 1990531 YA .c_E _51 .mE\m .ww c»o_:_ op | Anuepr
by ov 8y PaZI[eWIOU S8YRUIPJ009) awn | QAN | ‘oM 1 A adeys
adeys 89| 37|
ele( 90UBWIOLNAd uloy Jaddn suonipuo) buig)

((penunuo)) (eS0T INL) Z dlgeL pue (¥/€S0T INL) L pue 9 saunbi4 :ejeq Beiq

Ul T2 = 9 '[10J1V 2700 VOVN ‘¥86T ‘€7/S0T INL PUe #2€S0T WL VYSVN ‘puog pue Uulys ‘TGT pue OGT 'sjoy)
301 A3LVTININIS 40 d313402V ONISN S3IANLS L¢-O 319Vl

G-138



0¢’0 0T'0 000 OTO-

L oTo
1 [ 010 T uni
9700 |0V 6'¢ € 89000 |¥€0°0 L 0¢ G50 8¢ (01594 14 16-€-8
020 0T0 000 OTO-
, , oT0-
v - 000
T [ 010 T uni
¢¢e00 |0V 6'¢ T- ¢S00°0 |STE00 L 0¢ G50 8¢ 0€C 14 16-¢-8
Xew'|
xewl o7 ok ”:m K _@3 .0 /X o (p1oys 03 198dsal yIM i h wri hmE\m ww ;.QE o | Anuapl
oV ov % P3ZI[BWIOU S3}RUIPI002) Wl 1 TaAN | Tom1 } A adeys
adeys 89 32
ele 90UBWI0LIad uloy Jaddn s 91 suonipuo) buio) !

((penunuo)) (eS0T INL) Z dlgeL pue (¥/€S0T INL) L pue 9 saunbi4 :ejeq Beiq

Ul T2 = 9 '[10J1V 2700 VOVN ‘¥86T ‘€7/S0T INL PUe #2€S0T WL VYSVN ‘puog pue Uulys ‘TGT pue OGT 'sjoy)
301 A3LVTININIS 40 d313402V ONISN S3IANLS L¢-O 319Vl

G-139/G-140



APPENDIX HO AERODYNAMIC CHARACTERISTICS FOR CONSIDERATION IN
DETERMINING CRITICAL ICE SHAPES FOR 14 CFR PART 23,
SUBPART B REQUIREMENTS

This table lists 14 Code of Federal Regulations (CFR) Part 23, Subpart B requirements and
suggests aerodynamic characteristics(s) for consideration in the determination of critical ice
shapes in meeting the requirements. Specifically, the table describes the current performance
and handling characteristics requirement of 14 CFR Part 23, Subpart B. The seven columns
under the general heading of “Aerodynamic Characteristics” are the primary characteristics
related to the specific section of the rule. The table is presented in order to illustrate an approach
to determination of critical ice shapes, and suggest aerodynamic characteristics that may be
considered. A similar table could be construct for 14 CFR Part 25, Subpart B. There may be
cases where it would be advisable to consider additional characteristics, and other cases where it
might be determined that it is not necessary to consider all the characteristics listed.

An X in a cell indicates that the characteristic for that column be considered in determining
critical ice shapes to be used in meeting the requirement for that row. For example, for 23.145
(longitudinal control) and 23.147 (directional and lateral control), the following columns are
checked: Cimax, 0st Ch Eff, Stab. This implies that these four characteristics should/must be
considered in determining an ice shape to meet these requirements. These characteristics may be
evaluated for degradation with respect to airfoil sensitivity due to ice shape or protuberance or
roughness representing ice shape.

Section 23/25/27/29.1419a states: “An analysis must be performed to establish, on the basis of
the aircraft’s operational needs, the adequacy of the ice protection system for the various
components of the aircraft. In addition, tests of the ice protection system must be conducted to
demonstrate that the aircraft is capable of operating safely in continuous maximum and
intermittent maximum icing conditions, as described in Appendix C of Part 25 of this chapter.”
As used in this section, “capable of operating safely,” means that the aircraft performance,
controllability, maneuverability, and stability must not be less than that required (in part 23,
subpart B, for example).

The aerodynamic characteristics included in the table are:

Cimax = maximum coefficient of lift

Cq = coefficient of drag

L/D = lift to drag ratio

as = angle of attack at stall

Cn  =hinge moment coefficient

Cn = pitching moment coefficient

Eff = control effectiveness

Stab = appropriate longitudinal and lateral directional stability control characteristics

Also:

N/APL = not applicable
N/R  =not required
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APPENDIX 10 WORKING GROUP RECOMMENDATIONS FOR
RESEARCH INVESTMENT

This appendix is based on the discussions and voting in the 12A Working Group at the meeting
held in Seattle in April 1998.

[.1. PROPOSED AREAS OF RESEARCH.

Several topics for research were proposed by members of the working group. The topics were
written on large sheets on a flip chart and then posted around the room to facilitate discussion
and voting. The topics from the sheets are given below.

1. Measurement of ice roughness

. quantification (size, density, shape)

. reproduction

. aerotesting

. correlation with the aero-effects

. comparison to simulation techniques
- sandpaper
- walnut shells
- other

2.a. Parametric variation of ice accretion

. geometries and features to study
. resultant aero-effects

- horn angle

- horn length

- horn location, x/c

- radius of horn

- effect of roughness on horn
- effect of irregularities

- assessment of Re No. effects
- scaling

2.b.  Variation of airfoil characteristics with the list of 2a. (for example: t/c, r/c, camber,
thickness distribution, etc.)

3. Verify/validate parametric variations of 2a and 2b with ice shapes formed in an icing
wind tunnel.



4. Relation of 2D to 3D effects

. full aircraft
. aero tunnel
. flight
5. Effects of secondary ice (ice on nonlifting components; i.e., underneath wings, struts,

etc.). Change in drag is concern.
6. Effect of droplet spectra on ice accretion

7. Aero Scaling

. 2D to 3D
. roughness
. one law for lift, another for
. hinge moment
8. Ice shape scaling methods

. good to 1/2 or 1/3 scale, 1/6 scale

. borderline
. gross ice shapes vs. more detailed
. representations
9. Screening process for aircraft configuration icing sensitivity.

10.  Computational capabilities

. icing simulation

. aero simulation with ice accretion
. 2D

. 3D

11. Steady and unsteady phenomena
12.  Asymmetric ice accretion on aircraft
13. Ice accretion fracturing (shed ice).

[.2. VOTING RESULTS FOR PROPOSED RESEARCH AREAS.

It was decided that these proposed research areas would be prioritized by voting within the
working group. Each member was given an opportunity to prioritize the research areas from first
to last. The results in the table below were determined as follows: A first place vote counted ten
points, a second place vote counted nine points, ..., a tenth place vote counted one point; any
lower place vote was allotted zero points.

-2



Some members treated 2a and 2b separately, others as a single item. Some did not prioritize
from top to bottom, stopping with their “top ten.” Therefore, the results for lower vote getters
are lower than they might be.

It was suggested that it would be of interest to see how the industry voting compared to that of
the entire group, and this is shown in the fourth column.

All Members | Industry Members
1 | Ice roughness 112 38
2a | Parametric variation 140 50
2b | Variation of airfoil characteristics 107 16
3 | Verify/validate parametric variations 106 14
412D to 3D 53 10
5 | Secondary ice 21 0
6 | Droplet spectra effect on ice 18 16
7 | Aero scaling 106 36
8 | Ice shape scaling 76 38
9 | Screening: ice sensitivity 42 0
10 | Computational capabilities 43 7
11 | Steady and unsteady phenomena 6 0
12 | Asymmetric ice accretion 7 0
13 | Ice accretion fracturing 9 0

.11 RECOMMENDATIONS BASED ON VOTING RESULTS AND DISCUSSION FOR
PROPOSED RESEARCH AREAS.

The voting on proposed areas of research suggest three categories of support.

A. Wide support
1. Measurement of ice roughness
2a. Parametric variation of ice accretion

2b. Variation of airfoil characteristics with the list of 2a (for example: t/c, ric,
camber, thickness distribution, etc.)

3. Verify/validate parametric variations of 2a and 2b with ice shapes formed in an
icing wind tunnel

7. Aero Scaling
B. Reasonable support
8. Ice shape scaling methods
C. Limited support
All remaining items (4, 5, 6, 9, 10, 11, 12, and 13)
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The items in category A were extensively discussed, and with the exception of aerodynamic
scaling are clearly inter-related. The large vote for each is an indication of a consensus of those
present. The item-in category B was also quite fully discussed, and strongly supported by the
representative of the helicopter industry and others. However, some of the items in category C
were only briefly discussed, and ranking them among themselves based on this vote may be
questionable. However, as they did not enjoy the general support of the items in categories A
and B, they will not be included in the research recommendations.

The items in category A all require experimental work. Data of a high quality, from wind
tunnels capable of high Reynolds numbers, are needed to adequately assess questions as to the
influence of ice shape features on the aerodynamic effects of ice shapes. National Aeronautic
and Space Administration Glenn Research Center (NASA GRC) and Federal Aviation
Administration William J. Hughes Technical Center (FAATC) should carry out cooperative
research, utilizing both the Icing Research Tunnel (IRT) and a tunnel such as the Low
Turbulence Pressure Tunnel (LTPT), to meet the objectives listed. Note that this is consistent
with the need for experimental data as described in the main body of this report for both the
“airfoil sensitivity approach” and the *“comprehensive aerodynamic approach” to critical ice
shapes.

Fundamental work is needed in the measurement and quantification of ice roughness. Progress
may be possible through the use of new laser scanning systems. To obtain aerodynamic
correlations, icing tests in the IRT should be used to develop castings for use in a tunnel such as
the LTPT.

Scaling questions as listed in categories A and B have long bedeviled icing engineering and
research. Although progress has been made, and NASA is currently preparing a scaling manual,
fundamental questions remain. Industry comments during the discussion underlined the needs of
general aviation and commuter aircraft manufacturers for reliable scaling methods. These needs
are perhaps most critical in the helicopter industry, where reliance upon scaling methods is
unavoidable and some of the issues are quite complex. Transport manufacturers also must utilize
scaling methods.

NASA GRC and FAATC should work with industry in formulating an effective strategy for
research that will lead to improved practical scaling methods for both fixed wing aircraft and
rotorcraft. The approach will probably combine analytical and experimental efforts, and should
build on past efforts.



APPENDIX JOJ ADDITIONAL RECOMMENDATIONS FROM INDUSTRY

The following recommendations were made by members of industry in subgroup reports which
are not included in their entirety in the final report. Most of them were discussed at various
times during the two meetings of the working group, and they are believed to enjoy quite a wide
support in industry. Some are directed primarily at the Federal Aviation Administration (FAA)
Certification Service, while others are directed more at the research community, especially
National Aeronautic and Space Administration (NASA) Glenn and the FAA William J. Hughes
Technical Center.

A simulated ice shape definition process, which is clearly defined and endorsed by the FAA, is
needed.

Some improvements are needed in defining the ice shape surface features and roughness.

In order to define other ice shapes with codes, analytical methods need validated improvements
that model (1) complex three-dimensional (3D) ice accumulations, (2) residual ice from anti-ice
system operation (runback ice), (3) residual ice from deice system operation, and (4) effects of
larger droplet sizes.

Continued improvements of the codes are desirable, especially in the heat transfer and roughness
models. Improvements to ice accretion predictions are required for three-dimensional geometry
with multi-time stepping capability.

Further enhancements and validations are especially required for prediction codes due to
inadequate modeling of:

. Droplet breakup and droplet splash, considered as the major change with these new
conditions.
. Surface physics (improvement of ice growth governed by the heat and mass balance

based on Messinger equations) by taking micro physical ice growth into account with
these new conditions.

. Water run back, which includes shedding of excess water and ice from the airfoil surface.

. Ice roughness development, and heat transfer rates and evaporative cooling associated
with a rough surface.

. Thermodynamic and mass balance.

There is a need to improve the accuracy of the flow field module used in the icing code. In fact
none of the codes model the viscous flow effect (in particular separation and reattachment), and
the codes thus predict a flow velocity larger than the actual velocity with an over estimation of
the heat transfer coefficient (h). The use of a viscous code could improve the situation, and thus
contribute to the extension of the usable domain, which is today roughly limited to M=0.4
associated airfoil angle-of-attack (AOA) = 4 to 5 degrees. This limitation is therefore directly
linked to a combination of Mach number and AOA.
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