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1. INTRODUCTION

Experimental pressure-time curves from regenerative iiquid propellant gun (RLPG) finings
characteristically show the presence of high amplitude, high frequency pressure fluctuations in the
combustion chamber as demonstrated in Figure 1. The graph in Figure 1 is taken from a combustion
chamber gage for a 155-mm RLPG firing. The gun was built under contract by the General Electric
Company for the U.S. Amy. Broadband high-frequency (0-75 kHz), high-amplitude (up to 30% of mean
pressure) pressure oscillations have occurred in virtually all regenerative liquid propellant gun firings,
including all calibers and diverse injection pattemns studied nationally and internationally (Cook 1990;
Klingenberg 1991; Haberl 1991; and Rychanovsky 1991). The origin of these pressure fluctuations, their
propagation, and their influence on gun components are areas of active study in a number of programs
sporisored by the U.S. Army. The oscillations may propagate downtube and cause the pressure at the base
of the projectile to fluctuate as well, a potential source of concern for munitions compatibility (Bannister
et al. 199%).
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Figure 1. Experimental combustion chamber pressure history from a 155-mm
regenerative liquid propellant gun.




A schematic of the RLPG developed in the United States is shown in Figure 2 and is referred to as
a Concept VIC design. An extemal solid or liquid propellant igniter (not shown) venting into the
combustion chamber initiates the ballistic cycle. The control (inner) piston moves first in response to the
combustion chamber pressure rise, and its motion is modulated by the pressure in the damper. The
injection (outer) piston follows the conirol piston in response to the chamber and liquid pressures acting
on the exposed surface areas. The liquid propellant, LGP1846 (now called XM46), flows through the
annulus created between the two moving pistons into the combustion chamber, where it bumns, accelerating
the projectile. Liquid propellant gun mean performance (data with oscillations removed by filtering) is
modeled with a mature, predictive, lumped parameter, interior ballistic model which has been compared
extensively to experimental data (Ccffee, Wren, and Morrison 1989, 1990; Wren, Coffee and Morrison
1991).
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Figure 2. A Concept VIC regenerative liquid propellant gun.




The liquid jet encounters a hot, dense, and turbulent high-pressure environment of reacted and partially
reacted products. Subsequently, the injected liquid undergoes an intricate series of processes, including
atomization, heating, vaporizauon, diffusion, turbulent mixing, and chemical reaction. The details of
propellant breakup and combustion are poorly understood at present, although diagnostic research efforts
are ongoing to characterize the jet under gun conditions (Birk 1991). The ensuing combustion process
is characterized by pressure fluctuations which typically initiate at approximately 50 MPa (Figure 1).

Several theories have been advanced for the origin of the pressure oscillations, and several are under
active study. One potential explanation which has been successfully modeled maintains that the pressure
fluctuations result from the combination of a highly pressure-sensitive burn rate of the propellant combined
with a continuous accumulation of unburned propellant near the injector (Oberle and Wren 1991; Coffee
1992; McBratney, Teague, and Vanderhoff 1992). Another explanation advanced is that flow conditions
created by the liquid jet as it emerges from the injector into the combustion chamber form vortical
structures containing propellant which circulate in-phase with pressure waves and periodically release heat
in the combustion chamber (Schadow 1992). A third explanation proposed is that pressure variations
moving over the intact jet core result in enhanced breakup at the jet boundaries, leading to atomization
and local high-energy release rates (Faeth 1992). A fourth possible source is random, impulsive
combustion of ligaments of propellant in localized regions of the combustion chamber (Haberl 1991).

Visualization of the liquid propellant LGP1846 at gun conditions has not precisely determined the
mechanism which initiates pressure oscillations. Diagnostics at pressures up to 30 MPa show a highly
turbulent process in which flame is visible at various locations in the combustion chamber and conditions
which change rapidly with time (Birk 1991). There does not appear to be an identifiable pattern to either
the location or the change of location of burning. Thus, it might be conjectured the pressure fluctuations
are caused by randomness in the jet breakup and encrgy release, resulting from one, or a combination of
the mechanisms discussed above, together with mechanisms not identified.

Thus, the objective of this work is to (1) develop a physically supportable model of random energy
release in the RLPG using experimental data to suggest needed parameter values in a one-dimensional
(1-D) model; (2) determine to what extent the experimental pressure history can be explained by
randomness in the energy release of the liquid propellant in the jet; and (3) examine the propagation of
chamber pressure fluctuations from the combustion chamber to the projectiles’s base in a one-dimensional
(1-D) model. In addition, the model is used to suggest methods of reduction of pressure fluctuations.




2. DESCRIPTION OF MODEL

As reported previously (Wren and Gough 1990), the model is a fully 1-D continuum model of the
RLPG, including treatment of the liquid reservoir, damper, combustion chamber, and tube. The governing
equations for the combustion chamber are the same as those of the tube. In the general case when
droplets are present, they consist of 1-D balances of mass, momentum, and energy for the mixture of
combustion gases and droplets. The cross-sectional area of the flow in each of the regions of the
combustion chamber or tube is that of the chamber or tube reduced by the cross-sectional area of the jet.

The change in area is also considered due to the intrusion of the center bolt.

The liquid jet in the RLPG is "thick" (up to a hydraulic diameter of 1.5 cm as calculated by
simulation). Breakup of the jet entails finite rate processes, and there appears to be a "conditioning time"
before combustion involving atomization, heating, kinetics, etc. (Birk and Reeves 1987; Klein 1990;
Bracco 1986). Attempts to apply sensitive time lag theory to the jet breakup (Coffee et al. 1991) have
been successful. Sensitive time lag theory was developed as a description of the delay in energy release
in liquid propellant rockets (Crocco and Cheng 1956). Sensitive time lag theory is essentially a model
of energy release as a two-part step function. The first step is a conditioning time, which is related to
pressure, for an injected packet of liquid. The second step is an instantaneous release of energy in the

packet of liquid. Thus, it is implicitly assumed that all delay processes can be related to pressure.

The model described in this report develops a description of the jet breakup based on a cenditioning
time, a randomness associated with the condition of "packets" of liquid, and a Taylor theory (Birk and
Bliesener 1991) which has been used to describe the energy release of liquid propellant (LP) in a limited

regime.

The conditions under which the jet is injected change with time during the intcrior ballistic (IB)
process in terms of pressures, jet velocity, etc. Physically, these changes do not take place instantaneously
but occur over a finite time interval. Therefore, injection conditions would be expected to be similar over
some time interval. The "coherence interval" is therefore defined in the model as the time interval over

which injection conditions are expected to be similar.

However, injected propellant cannot persist indefinitely in the combustion chamber. This implies a

maximum "conditioning time" before the propellant begins to release energy. The "conditioning time"




is defined as the delay time after injection before which an increment of propellant begins to release
energy. The "maximum conditioning time" and the "coherence interval" are parameters which are input
(fixed) at the beginning of a calculation and are illustrated in Figure 3. Since, physically, randomness in
the injection of propellant is introduced into the gun by mechanical motion of the pistons, a constantly
varying area for propellant flow between the tw pistons, and pressure fluctuations in the liquid reservoir,
as well as the breakup process, the conditioning time for the increments of propellant contained in a given

coherence interval is randomly chosen to be between zero and the maximum conditioning time.

Once mature, the energy release rate of each packet of liquid is modeled with a Taylor formulation
in which the breakup time is determined from entrance conditions at the interface between the liquid
reservoir and the combustion chamber (Birk and Bliesener 1991). Taylor’s theory is an aerodynamic
theory which treats the primary atomization of the jet. The theory utilizes a parameter B which is the ratio
of the Reynold’s number to the Weber number, that is,

with p the viscosity, ¢ the surface tension, p the density, V the velocity, and D the diameter of the

injector. In the case of an annulus, the diameter D is taken to be twice the gap or the thickness.

Thus, it is assumed that the rate of decomposition of a jet increment, once begun, is fixed by the
conditions which prevail on average during the sampling interval. Each elementary increment follows an
inertial trajectory which is uncoupled from that of any other increment. If the increment impacts the face
of the chamber, it is partially reflected and partially transmitted to the tube according to a fixed value of
admittance which is set by the user. Similarly, the velocity achieved following reflection from either the
chamber face or the projectile base is related to the incident velocity by means of a user-defined
coefficient of restitution. Thus, as the solution evolves, there is an aggregate of elementary jet increments,
each moving inertially, except as modified by reflections from the chamber face, the projectile base and
the piston face.

The assumption that each jet increment follows a purely inertial path is thought to be a reasonable first

approximation, provided that the fraction of the available cross section occupied by the jet is not too large.
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Considering the jet from & continuum perspeclive, it is radially unconfined. Accordingly, since the jet is
much less compicssibie than the surrounding mixture, it is expected that the axial pressure distribution
within the jet is controlled by the dynamics of the mixture. As one portion of the jet presses against
another, it is expected that the radial boundary will displace to accommodate the interaction. Only when
the jet begins to fill the cross section does this assumption break down, making it necessary to consider
an axial stress field in the jet independentiy of that in the mixture. As for the gas dynamic forces, there
are two kinds—namely, drag and buoyancy. Drag forces are expected to exert a negligible influence on
the momentum of the jet; the associated shear is accommodated by the material which is converted to
droplets. The buoyancy force is simply that due to gradicnts of the gas pressure. Although the gas
pressure gradient can become large, especially at the entrance to the tube, neglect of its influence on the
jet is thought to be justified at this stage of the development of the model since the density of the jet is
much greater than that of the gas. The effccts of buoyancy and of the stresses due to interactions between

jet increments can be modcled when future applications of the code so demand.

3. MESH INDIFFERENCE

A Macormack scheme is utilized 10 numerically solve the goveming cquations. A comparison of the
chamber pressure and base pressure histories for two mesh spacings are shown in Figures 4 and 5. The
pressures are taken ¢t the breech, considered to be the face of the outer piston in the combustion chamber.
The solid line in Figurcs 4 and 5 is the solution using 33 mesh points, while the dotted line utilizes
69 mesh points in the chamber. In both cases, 21 mesh points are used in the vatrel. The initial axial
distance in the chamber from the piston face in the combustion chambcer to the projectile base is
15.808 cm, and the final axial distance in thc combustion chamber is 25.9 cm. Thus, 33 mesh points
correspond to an initial spacing of 0.49 cm and a final spacing of 0.81 cm. Similarly, 69 mesh points
correspond to an initial spacing of 0.23 cm and a final spacing of 0.38 cm. As can be seen from
Figures 4 and 5, the solutions show some expected variation with mesh spacing. However, the details of
the fluctuations from mcan pressure are almost identical for either mesh spacing, and the solutions in

Figures 4 and 5 demonstrate acccptable mesh indifference.

A second numeric paramcter is the ratio of an clementary jet increment to the mesh spacing in the
combustion chamber, rcferred to as BUKLEN. The solutions in terms of chamber pressure history at the
breech for BUKLEN values of 0.2 (line) and 1.0 (dot) arc shown in Figure 6. As can be seen in Figure 6,
the solution also demonstratces reasonable insensitivity 1o the value of BUKLEN, Thus, the solution is felt

to have demonstrated the required numeric inscnsitivity.
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Figure 4. Comparison of breech pressure histories for 33 (line) and 69 (dot) mesh points in the
chamber.
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Figure 5. Comparison of projectile base pressure histories for 33 (line) and 69 (dot) mesh points in
the chamber.
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1.0 (dot).

4. APPLICATION

The model is applied to a 155-mm gun geometry. A typical experimental pressure history in the
combustion chamber for a S-liter shot, Round 81, from the first-generation gun is shown in Figure 1. An
inverse analysis of the experimental data based on an energy balance yields an approximation of the liquid
accumulation (liquid propellant which has been injected into the chamber but has not apparently released
energy) in the combustion chamber as a function of time (Coffee, private communication 1991) as shown
in Figure 7. The maximum amount of accumulated liquid propellant is estimated to be 200-400 g,
depending upon the bumn rate law used for the propeilant (Coffee et al. 1991). The percentage of
accumulation is defined as the mass of accumulated liquid propellant divided by the amount of mass
injected by that time step. Accumulation has been as high as 30% in some fixtures, implying a substantial
amount of unburned liquid in the combustion chamber, particularly during early times in the ballistic

cycle.

In the model, the value of maximum conditioning time is chosen such that the model agrees with the
approximation of the mass of accumulated liquid as shown in Figure 7. The maximum conditioning time
used is 0.2 ms, the coherence interval is 0.1 ms, and the user-specified coefficient in the Taylor theory
is 0.2. The resultant pressure-time simulation in the combustion chamber is shown in Figure 8. At 3 ms,
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Figure 7. Liquid accumulation in the combustion chamber based on simulation.
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Figure 8. Simulation of chamber pressure with random breakup of liquid jet.
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the injection rate is 951,692 g/s in the simulation. The coherence interval of 0.1 ms implies that
approximately 95 g of liquid act as a body of fluid which translates to a distance equal to approximately
the injection velocity times the coherence interval before releasing energy. The choice of the Taylor
parameter is such as to induce very rapid decomposition of the fluid element once it is "mature”. It is the
combination of localization and rapid energy releae which drives the oscillations in the present model.
It can be seen that significant excursions from mean pressure can result from randomness in the jet
breakup length. Since analysis of experimental data suggest radial modes in the combustion chamber, it
is not expected that a 1-D model will duplicate experimental pressure histories. However, the model

suggests that randomness in the jet breakup may be implicated in the production of pressure fluctuations.

A characterization of the jei at various time steps is shown in Figure 9, where 0.0 cia represents the
tube origin and —15.8 cm represents the initial piston position. At each timestep shown, the locaticn and
amount of mass in the jet is shown, with the right-most boundary representing the face of the piston.
Since the piston is moving rearward to inject liquid propellant, the right-most boundary recedes with time.
It is noted that, consistent with the derived accumulation from experiment, the jet is short. Even with little
penetration into the combustion chamber, the liquid jet provides an energy source for substantial pressure
flucmations. The base pressure history for this simulation is shown in Figure 10. It can be seen tha: the
fluctuations in chamber pressure propagate acoustically to the base of the projectile and that substantial
fluctuations in the base pressure result. The model, ther=fore, validates observations of downbore pressure
histories which exhibit oscillations of similar amplitude tc those measured in the combustion chamber.
Since the modeled jet is quite short and the chemical energy release is confined to the combustion
chamber, the pressure oscillations at the projectile base are shown to be a consequence of 1-D wave
propagation rather than local energy release at the projectile base. However, it is noted that a 1-D model
is not capable of describing possible three-dimensional effects which could randcmize the pressure

fluctuations on the base of the projectile, an issue of interest to the munitions community.
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Figure 10. Simulation of base pressure history with random jet breakup.

5. REDUCTION OF PRESSURE OSCILLATIONS

In this theoretical study, pressure fluctuaiions can te reduced by decreasing thz maxiinum conditioning
time or decreasing the coherence interval or both. However, since the initial conditions are not changed,
it is more physically meaningful to utilize the same value of the coherence interval. Thus, the maximum
conditioning time is decreased. In Figure 11, the jet breakup is random, but the maximum conditioning
time is 1/10 the previous value used in Figure 8. The maximum conditioning time used is 0.02 ms, the
coherence interval is 0.1 ms, and the user-specified coefficient in the Taylor theory is 0.2. At a similar
injection velocity at 3 ms, compared to the previous simulation, a maximum conditioning time of 0.02 ms
implies that the jet increment will begin releasing energy almost immediately upon introduction into the

combustion chamber.

The results suggest that injection patterns which break the liquid propellant into small packets, such:
as finely atomized sprays or jet splitters, may result in quieter combustion. Jet splitters have been
successfully utilized in 2 diagnostic LP fixture (Rychanovsky 1991) and in a 30-mm gun (Despirito 1991).

Jet splitters are mounizd downstream of the injector and are intended to disrupt the liquid jet. Currently

13
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Figure 11. Simulation of chamber pressure history reducing the degree of coherence in the
jet breakup.

they have achieved only limited success in reducing pressure oscillations. However, the model suggests
that mechanisms which shorten the time from injection to the beginning of energy release may reduce

pressure oscillations.

6. SUMMARY

A one-dimensional model of the regenerative liquid propellant gun has been presented which uses a
Taylor theory for the breakup and energy release of the liquid jet and treats the axial extension of the jet
in the combustion chamber. The model allows for randomness in the jet breakup to mimic the physical
conditions of randomness in conditioning time which may be associated with propellant combustion. The

model suggests that:

(1) significant fluctuations in chamber pressure can be produced with a random jet breakup length,

even with short jets;

14




(2) if pressure oscillations are due to rough combustion, energy can be radiated acoustically to the

base of the projectile;

(3) downbore pressure fluctuations are physically plausible, even with short jets confined to the

combustion chamber,;

(4) pressure fluctuations can be potentially reduced by decreasing the conditioning time before the
liquid propellant begins to release energy.

One interpretation of conclusion (4) is to finely atomize the liquid or break it apart upon introduction
into the chamber. This analysis suggests that designs which utilize thicker jets in order to increase the
mass flow into the combustion chamber may be expected to experience even larger magnitudes in the

amplitude of pressure oscillations due to the potential for more coherence in the structure of the jet.

15




INTENTIONALLY LEFT BLANK.

16




7. REFERENCES

Bannister, K., T. Coffee, G. Wren, and S. Wilkerson. "Finite Element Analyses of 155-mm Projectile
Response to LP-Type Loading." Paper presented at the 28th JANNAF Combustion Meeting, Brooks
Air Force Base, San Antonio, TX, October 1991.

Birk, A, and P. Reeves. "Annular Liquid Propellant Jets-Injection, Atomization and Ignition."
BRL-TR-2780, U.S. Army Ballistic Research Laboratory, Aberdeen Proving Ground, MD, March 1987.

Biﬂ{. A, and G. Bliesener. "Comparative Spray Reactivities of LGP 1845/98 and Their Subcomponents."
Proceedings of the 28th JANNAF Combustion Meeting, San Antonio, TX, October 1991.

Bracco, F. "High Pressure Injection of Liquid Sprays.” Published in ARO/BRL/JANNAF Workshop
Summary Report, "Injection and Combustion of Liquid Monopropellants in a Regenerative Liquid
Propellart Gun." Edited by D. Mann, G. Wren, and A. Mellor, 9-10 October 1986.

Carling, R., R. Rychnovsky, S. Griffiths, S. Vosen, and R. Renzi. "Progress Report on Reduction of
Pressure Oscillations in the Liquid Propellant Injector/Combustor." Proceedings of the 28th JANNAF
Combustion Subcommittee Meeting, vol. III, San Antonio, TX, October 1991.

Coffee, T. P., G. P. Wren, and W. F. Morrison. "A Comparison Between Experiment and Simulation for
Concept VIC Regenerative Liquid Propellant Guns. I. 30 mm." BRL-TR-3072, U.S. Army Ballistic
Research Laboratory, Aberdeen Proving Ground, MD, December 1989.

Coffee, T. P., G. P. Wren, and W. F. Morrison. "A Comparison Between Experiment and Simulation for
Concept VIC Regenerative Liquid Propellant Guns. II. 105 mm." BRL-TR-3093, U.S. Army Ballistic
Research Laboratory, Aberdeen Proving Ground, MD, March 1990.

Coffee, T. P., P. Baer, W. F. Morrison, and G. P. Wren. "Jet Breakup and Combustion Modeling for the
Regenerative Liquid Propellant Gun." BRL-TR-3223, U.S. Army Ballistic Research Laboratory,
Aberdeen Proving Ground, MD, April 1991.

Coffee, T. Private communication. U.S. Ammy Ballistic Research Laboratory, Aberdeen Proving Ground,
MD, 1991.

Coffee, T. "A Two-Dimensional Model for the Combustion Chamber/Gun Tube of a Concept VIC
Regenerative Liquid Propellant Gun." BRL-TR-3341, U.S. Amny Ballistic Research Laboratory,
Aberdeen Proving Ground, MD, May 1992.

Cook, G. Private communication. RARDE Fort Halstead, England, 1990.

Crocco, L., and S. Cheng. Theory of Combustion Instability in Liquid Propellant Rocket Miotors.
Butterworths Scientific Publications, 1956.

Despirito, J., N. Boyer, J. Knapton, and A. Johnson. "Pressure Oscillation Reduction in a 30 mm Concept
VIC RLPG." Proceedings of the 28th JANNAF Combustion Subcommittee Meeting, vol. I,
San Antonio, TX, October 1991.

17




Faeth, G. Private communication. University of Michigan, 1992.
Haberl, B. Private communication, General Electric Company, 1991.

Kiein, N. "Ignition and Combustion of the HAN-Based Liquid Propellants.” Proceedings of the 27th
JANNAF Combustion Meeting, Cheyenne, WY, October 1990.

Klingenberg, G. Private communication. Emst Mach Institute, Germany, 1991.

McBratney, W., M. Teague, and J. Vanderhoff. Private communication. U.S. Army Research Laboratory,
Aberdeen Proving Ground, MD, 1992,

Oberle, W., and Wren, G. "Bum Rates of LGP 1846 Conditioned Ambient, Hot, and Cold."
BRL-TR-3287, U.S. Ammy Ballistic Research Laboratory, Aberdeen Proving Ground, MD,
October 1991.

Rychanovsky, R. Private communication. Sandia National Laboratories, 1991.

Schadow, K. Private communication. China Lake, CA, 1992.

Wren, G. P., T. P. Coffee, and W. F. Morrison. "A Comparison Between Experiment and Simulation for
Concept VIC Regenerative Liquid Propellant Guns. III. 155 mm." U.S. Army Ballistic Research
Laboratory, Aberdeen Proving Ground, MD, to be published.

Wren, G., and P. Gough. "A One-Dimensional Analysis of a Liquid Jet in a Regenerative Liquid

Fropellant Gun." BRL-TR-3077, U.S. Army Ballistic Research Laboratory, Aberdeen Proving Ground,
MD, April 1990.

18




APPENDIX:

OUTPUT FROM COMPUTER SIMULATION

19




INTENTIONALLY LEFT BLANK.

20




(NTFAGYY X9 QIIJIDIJS RILIAROTAD INIA -

(0 A9¥V Xd IAAIYOSIYd LON XYITWOAD INIA -

0

(=]

o O O o

0
T

0

0

(4

(INFSTId SI ADIVHO NOISTINIXH OL -
(INFSFId ION ADIVHO NOISTINdXd O -
(TIYMIAIS NO SI VILINOSI ydILsood -
(TIVMIAIS NO ION JALINOSI ¥ydLsood -
(gETIQON SI YALINOI ¥yAJSo0od -
(QIIZAON LON ¥ALINOI JAILS00d -

1)

o) GIYN
1)
0) TAdXN
1)
0) DOINOI
T)
0) JIINOSI

(QIMOTIV SI MOTINOVE -~ T)
(YIEWNVHD ¥HLS00d dT OL MOTANOVE ON - 0) SANON

(TIAVIL NOLSId 40 NOILONNd SI 4O - T)

(LNVISNOD SI GO - 0) JddON

ALIDOTAA J0 NOILONA4 HONVISISIY NOLSId -~ 2)
TIAVYL 40 NOIIONNJA HONVISISIY NOLSId - T)

FONVISISIY NOLSId ON - 0) ¥SIAN
0 (FIJOTIANT SSAId YOd SIVAYIINI J4NL JO °ON)

SATYINT FITIONd °*dWAL TVILINI FdAL J0
(390X, OL SSOT LVAH

(ssOoT LYAH ON

(qaivadn °*dWdL TIVM

aaIvadn ION °*dWIL TIVM

(W/2 WO¥d FTHNIOA AINDIT ALNIWOD
(SANNTOA NOILSNEWOD % AINOIT FLNIWOD
(LOANT TIVWRION

(*00¥ °*ISNOD ¥Od VAYV INFA ALNIWOD - 2)
(*sauEd °*LSNOD YOI VIIV INFA FINJHWOD - T)

*ON)

ANIN
H4LN

MIHC

MLHN

dvdI

(VI¥V INIA SN - 0) dOI

(TLVH FLINII=T

‘NOILSNEWOD IITdONd SNOINVINVISNI=0) cNIM

( IAL JALS00d FLINIJL‘IILVY HAILINII=T
JILVY FLINII=T

'dIVE SNIXINW ZITOHWIAH HILINIANI=0) INIM

(ANNOAWOD dWd=€ ‘ANNOJHOD *ANOD=Z)

(IVINNNY ISYIATY=T ‘54T TYNOILNIANOD=0) NIDIN

SHHOLIMS NOILJO

G86T
‘0Z ANAL SO0 NOISHIA NN INVITIJONd AINOIT AIYEAH J0 SOILSITIVE YOI¥AINI JO0 NOILVINWIS T

Spuodas 009 03 39S LINWIT EWIL XVKH

21




00¢°0 (WD) YIOAYISIY NI ONIOVdS HSIW HAWINIW

€€ NAGWHVYHD HOVE Ol QANODISSY SINIOd HSAW JO JIGWAN WAWNIXVH
0G60°0 (=)¥0I0oVd AIITIAVIS WNEIL IOUNOS
0T10°0 (Z%%OHS/ 2% WO ) IONVIITOL FONIDITANOD XN1d
c00°¢ (-)¥olovd ALIAVS T-d-D
00T°0 (WD)d4NL NI SNIOVAS HSAW WAWININW
00G6°0 (WD) IOYVHD OSNITIAVIIL NI ONIOVAS HSIW WAWINIK

1 4 940l O AANDISSY SINIOd JO YIAHAN WAWIXVH

0 IOYVHD SNITIAAVEIL O GINODISSY SINIOd JO JYIGHNN

SYTILINVIVd NOILLVIDILINI

008°16S (WO ) TIAVNL HTITILOFLOUd
000°00T (OFSH) TYANIINI TWIL
66666 Sd3LS NOILVYDAINI J0 JIGHAN

SYALIWVIVd NOILUNIWIAL

0 (T=N‘0=X) QIINIYd VIVAd JOTId ANV IJTIJ0odd
(T=N‘0=X) QIINI¥d VIVd 8<G DI °IVd ADJANI
0 (T=N'0=X) GQIINIVA YIVd (INOD) ¥<T DI °IVd ADIANI
(T=N‘0=X) QIINI¥d YIVA ¥<T SIA °*IVd ADHIANI
(T=N‘0=X) QALNI¥d VIVd 8<S S53Y °*IVd SSVH
(T=N‘0=X) GQIINIYd VIVAd ¥<T DIY °IVd SSVH
(T=N‘0=X) GIINIYd VYIVA AYOIDILVIL VIALXI
(I=N‘0=X) QAINIYd ¥YIVd XJOLOILVIL
(T=N'0=X) QIINIId VIVA INANI

(STXA=T‘ON=0) QIIINOIY INIdd S5n4d3d

(0FSK) IN0D0T FYoddAd TVANAILNI FWIL

IN090T FJOoATLE SJALS A0 JILWON

(STA=T ‘ON=0) INODO0T NO OSNILLOId

(I¥YIS O dILS=0<‘ON=0)8 LINN WOdd IIVLS
(STXA=T‘ON=0)8 LINN NO JANS

o

00O

00T°0

OO0 QOO0
e\
)]
[«

SHYILINVIVd LNOD0T

22




066°0 (=) INFIDIJIF0D IDYVHOSIA dTOH NOILOILNI

000°T (-)SATOH NOILDZLNI A0 JYILWNN
009°€S (Z%¥HD) VIYY dTOH NOILOALNI
000°90¥8 (00) IGHVYHO NOILSNEWOD 40 AWATOA TVILINI
098°¥02S (00) AGWVYHO TINA J0 FWATOA TVILINI

d31s00d 54Td ANNOJWOD A0 SITLII40Ud

000°0 (¥dW) TI30drodd
JO dsvd Wodd OT1L 40 NOIILVNVAIS dod IYNSsSIAd
000°0 (22 /WD) TYINALVH AQO€¥ILAV 40 ALISNIA
000°0 (WD) ADYVYHO AINOIT ONITIAVIL
JO SNIINZA AIVILINI OL QIJIN0OEY TIAVEL
000°0 (WO ) FONVIING
40l Ol IDAJSTY HLIM ISVd 40 NOILVDOT
000°00Z2€EY (WD) SSYH

AIILOALO™d J0 STIIYIJOdd

ovs-°82 (TOHD /WD) THOIAM JIVINOITOH
oov°T (-)SIVdAH DIJ4IDddS A0 OILWM
000°00¢ (M °93Q) TINIVIIANAL TYVILINI
00T"°0 (VdKW) Funssddd IVILINI
JITLOILodd JO INOYd NI SVD J0 SIILII40dd

000°€ 008°T6S

000°€ 000°¥

000°0T 0T8°€

000°0T . 000°0

(¥dH) ZIONVISISHY (WD) TIAVEL JTILDILodd

HONVISISTE JOIVANLHO

000°T (=) INFIOIIITOD TONVIINA HLANL
006°ST (WD) YALIWVIA FLNL
T (sEA=T ‘ON=0) ZIONYLSISTA JNOOHS dUIV
v VIV¥d FONVISISAY JoIVINId0o JO SYIVd J0 HIFHAN

gF9nI JO NOIILJAIYOSHd

23




000°0
000°0
¢c00°0
000°0
000°0
000°0
000°0
000°0

000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0

086°0

yoT° 0T
000°0
¥98°199
TTGST9Y
000°0
000°0
000°00050T

INTHIOVIASIA NOILSId WAWIXVH J0 %
(WD) INIWAOVWIASIA NOLSId WAWIXVH

(ZxxWD) VAUV NOILSId JAIS YILWVHO SONIJWVA
(Z#¥WD) VAUV NOISId HAIS EITAWYHO NOILSNLEHOD
(Zx+HO)VIAVY NOLSId AAIS T13ANA

(00) YHAWVHD YIAIHOHAY °1°d 40 FTWATOA

(00) IIWYHD AINDIT SONIJWVA 40 FWNTOA TVILINI
(WD) NOISId 40 SSYHW

JEANITAD YVdy 40 SIILFId0dd

INFWIOVIASIA NOISId HAWIXVH J40 %
(WD) INTWAOVIASIA NOISId WNWIXVH

(Z%¥HD) ¥AWY NOILSId QIS JYTGWVHO ONIJWNYA
(Zx¥WD)VAAY NOILSId HAIS YAAWVYHO NOILSAGWOD
{Zx+WD)VIAYVY NOLSIA AAIS TaNA

(0D) dAIWVHD JYIAIIOIY °1°d 4O JHNIOA
(02)YIAAWYHD AINOIT SNIAWYA JO TWNTOA TVILINI
(WD) NOLSId 40 SSVH

JIANITAD YIALNIO 40 STITYIJOUd

INTWAOVIASIA NOILSId HWAWIXVW JO %

(WD) INAWAOVIASIA NOLSId WAWIXVH

(Zx*WD)VAYVY NOILSId FAIS JALWVHO ONIJWVA
(Zx¥HD)VAIY NOILSId IFAIS YAAWVHO NOIILSNEHOD
(Zx»WO) VANV NOLSId dAIS TdNd

(0D)JAGHVHD ¥IAIZOFY °1°d JO TWATIOA
(DD)YIEHVYHD QINDIT HNIAWYA JO TWNTIOA TVILINI
(WD) NOLSId 40 SSYH

YIANITAD QqQYVMIOd 40 SITIYIJOodd

24




[=NeN=]

VANV INZA ¥AdWYd TXD ¥VAY FAI¥OSAA OL ViIvd 40 °“ON
vIYV INIA IAWVA TAD YHINID FAI¥OSHA OL VIvd 40 "ON
vENV INTA WEJWYd TAD GMd FAI¥OSEd OL VIVd 40 °“ON
(aMd-Z SOANIW JILNIO~2Z
40 NOIIONN S¥ NIAID VIYV NOILOICLNI Tdnd - 1)
0 (FINTO~-Z SONIWN aAMA-Z
0 HOIIONNA SV NIAID VIUV NOILOICNI TINd - 0) NOSSXdN

YIHd TOYINOD ¥IdLS00d ANNOJKOO

0CS 1T (-)FINSSTIA L°¥°M SOTNAON JO TALLVAINIA
000°009T (VdKW) 3YIHASOWIY INO IV SATNdOW ¥Ind
688°0 (D0 /WD) FIYIHASONIY ANO IV ALISNIA

aindI1 SNIdWVd J0 SATLYIJ0dd

0599°9 000° €<
0699°9 0000°€
00000°0 00000°0
(WD) *IXD °*INID JO SAIAVE (WD) INO¥A WOYd °1SIa
GEV VT 000°0€
GEV VT 00000°0
(WD) *IXO °*dAMd J0 SNIAVE (WD) INOYd WOYd °ISId
L6V°9T 000°0€
L6V°9T 169°€T
00SL"°L 00000°0
(WD) *O°0 J0 sSnIavd (WD)3dnl wodd °IsSId
000°0 (WD) *IAD °aMd NI SJTOH NOILDALNI 40 HLIONIT
000°0 (WD) HOTFYLd O&L FLNL WOdd °“ISId
000°0 (WO)YHGWVYHO °*INI 4O ¥YvI¥ O JENL WOdd °ISId
216°62 (WD) ¥AANITIAD ¥VIY O FANL Wodd °ISId
8082t (WD) JAANIIAD YAINID OL FLANL WOdd °&LSId
808°GT (WD) YIAANITIAD QUVMIOd O FdNX Wodd °“ISId

SYAGHVHD 40 SISATIYNY WANNILNOD d¥Ood VIvd OIJdLIHWOED

0

0

0

25




00T°0 (DASW) ¥Z LINA OL ALIAM YOA IVAYTINI

00T°0 (DASK)IWIL NOILVIZMIOOOLAV
062°0 (DASK) ANMIVAYLG 40 TIVYLS JOd AVIIA WAWIXVK
00Z°0 (~)ONIOVdS HSIW/HIONAT INIWIYONI
000°T (-)IONVILIWAY FANL
000°T (=) IOVAWI I4L ¥0d NOIINLILSHY JO INIIDIIAJITOD
000°0 (WD /T) TVIDAINI VANV TASUYIANI JIZZON
000°02 (0IS~-HS /WD) ALISOOSIA
000°0 (Z%%OES /W) NOYSNAL TOVJIANS
002°0 (=) INTIDIJIF0D HILONIT dnMVIIL

SAILYIdOodd JdL JILS00d

000°0 (WD /WD) INTIDIIIFOD SNIXIW ZIIOHWIIH
100°0 (WD) ¥ALIWVIA ILIId0dd

¥YIVd SNIXIW ZLIOHWIIH JIVd JLINIJ

LL9°0 (115/00) s1onaodd 40 THWNTOAOD
8¥g8-2ze ("TOWD /WD) SI0NA0¥d JO IHOIIAM JVINDITOW
£22°1 (~)sIionaodd A0 SIVAH DIJIDAJS JA0 OILVA
00S°SE0Y (WD/ L) XD9ANT TVOIWIHO
(138 (-)TINSSTAId L °d°M SNINAOHW J0 FTAILVATYIA
000°0SES (VdW) SYTHASOWIY ANO IV SNTINAOW M1Ind
0EV°T (0D /WD) JITHASONLY INO IV ALISNIA

T304 AINOIT JO0 SIILIIJOUd

(YIVa SNIINIA TIVMIAIS. 40 YHAEWAN - 0<)

[~ RNl

(7 aN¥Y T J40 NOILUNIEWOD

(-sTdd ANV °TIA NO SANIJIA °SIAY

(*dsSIa NO SANddaa °s3Y

0 (750 aMd ¥0d FAONVISISTY ON

JJIT0D IDYVHOSIA YIAJWWA TAD YvAd AAIYOS3AA
JJAT0D TDYVHOSIA WAJWVA TXD YIAINAD FLIYOSHEA
JdF00 FHYVHOSIA JAJIWVA TAD AMA FEIYOSAd

(2A09Y SY NOILOACLNI dvVd - 0) AIAISN
TAD UVIY ¥Od MV'T AONVILISISHY -
XD YIINZD YOd MVI FAONVISISTY -

{€)DYSIdN
(2)ous1dN
- €)
- 2)
- 1)
- 0) (T)o¥siaN
0L ¥IYG 40 °ON
0L VYIvd 40 °ON
oL ¥I¥d 40 °ON

26




0EZYILT O W/O

£6G666G65°0 (00/W9) ALISNIQ SNIIVOT
1892°LLT (W) IHOIIM JALINOI
0000000°0 (WD) IHOIEM TDUVHO OSNITHAVHL
LOZ LYYL (WD) JIHSIAM JALSsood
L0*G8LOE (LX) XOWANA TVOIWHHO TVIOL
VLY "T2Z9L (WD) IHOIAM INVTIZJONd TIVIOL
000%S°T (=) ¥oIova WIITAILINW SSOT IVIH
00000°T (-) doIOovd ALIAISIWA
00TLYT O (03s/Z%¥HO) XIIAISNIIIA IVINIHL
00T229°0 (M°93a-0dS~WO/r) ALIAIIONANOD IVWIIHL
000°00€ (M°53d) FIANILVIIIWAL FLNT TYILINI
g49nl 30 SIAILIFTJONd IVWIIHL
0009° €S 96T 0T 0000°T
0009°€S 9T0°T 000T°0
T0-300000T°0 000°0 0000°0

(ZxxWD) VAUV INIA (WO)TIAVIL NOILSId TIAVIL NOLSId *d
qI9YL VANV NOILODALNI - TIAVIIL NOLSId
6T10°GG8 (Z¥»HD)YTGHVHO NOILSNEWOD VAUV ‘IYNOILOIS-SSOHO
T (STX=T ‘ON=0)AAZITILAVYIS XTIVOINVHOIW ALIANYD
0 ALIAYD HAI¥OSIA O VILVA JO SYIVd IO JIGHAN

ALIAVYD TIVILINI 40 NOILJAI¥OSHd

os¥v° ¢ (YdH)aIndI1 SNIdWYA J0 FINSSHIL
000°69G2 (3 °53A) TUNILVIIINIL
000°0 (VdW) IDUVHD OSNITIAVIL dINOIT 40 dANSSITAd
osv°¢ (YdKW) 39YVHD ¥ILsood grindI1 40 FINSSHAd
000°02 (YdH) SYD 30 FANSSTId

VILVA IVILINI

27




(S/W)T3A 13r  (WI/WO)SSVK 13r (WO)QVE"AVD (VdW)DIDIS (X93Q)L  (-)sd3 (S/W N (22/W9)OHY  (VdW)d (W)Z  INIOd HS3W HOIOJY

0000°0 0000°0 000°0 000°0 0°0 0000°0 0000°0 60£%°1 0sY°€ 969270~ L4 i
0000°0 0000°0 000°0 000°0 0°0 0000°0 0000°0 60EY° 1 0s7°€ 8252°0- £ l
0000°0 0000°0 000°0 000°0 0°0 0000°0 0000°0 60€Y°1 osY°€ 0952°0- P4 l
0000°0 0000°0 000°0 000°0 0°0 0000°0 0000°0 60EY°1 0s%7°€ l6sz2°0- l l

000000°0 (=) ALINTIVd LIC JOTAVL
000000°0 (s/WO)IIL J0 NOIIVIDIAILNISIA 40 TILVY
000000°0 (S/WD)1dL 40 NOILODALNI 40 FLVA
0000°0 (WD) I3EL TIVIXY JO HISNIT °XVW
0000°0 (WD) 13L "IVIXV JO HIONIT
000°0 (WD)1dL TIVIXV JO SSVH
000°0 (VdH) FONVISISIA MOOHS ¥IV
000°0 (VdW) FONVISISTY dOLVdNLE0
000°0 (%) 103J4dA XOAANI
662°2L0S8LOE (0) X9YANT ‘IVIOL
000°0 (%) 103J49d SSVHW
VLY TICOL (WD) SSYH IY¥IOL *
000°0 () ISVYHd IFTdodd NI TInd IVIOL 4O NOIIOVId
000°0 (%) TOUVHD OSONITIAVIL 40 NOIIOVHA AIZIWOLVNN
000°00T (3) TOYYHO YALS00d J0 NOIILOVHA AHZIHOLYNA
0000°0 (s/H) XIIDOTIA NOILSId
0000°0 (WD) ‘IEAVYIL NOISId
0000°0 (S/H) ALIDOTHA HTIILOIALQId
0000°0 - (W) FAVEL FTILOILOodd
0000°0 = (J3SW)1 vi130 000°0 = (J3SW)3NWIL 0 = Y3IAWNN d31S
0 066°0 0000°L 000°0 000°0 0°0 00°0 000°0 000°0 000°0 ‘O *69%2 0°0 0°0 002 0°0 s°¢ 000°0
I % ON) (S/W)I3A (W)°SOd (S/W)"13A (WI)°SOd LVOUHL Y¥3BWVHI 3SvE 1VOBHL ¥EWHD"D ¥BWIHI"I 4INOI SK
d3is a 91d/9d8d d0¥0°3 2 MY ----- 311133roY¥d-- =--=~--- NOLISId-=--- (X 930) °"dW3l e~-=-==-==- (VdW) 38NSSIUd-~=~-~-====-~ aAWLL

AJOLOALVEL 91 NNO INVITIIJOdd dIndIl T




0000°0
0000°0
0000°0
0000°0
0000°0
000070
Q000°0
0000°0
0000°0
000070
00060°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°C
0000°0

0000°0
0000°0
0000°0
0000°0
000070
000070
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
9000°0
0000°0
00060°0
000070
0000°0
000070
0000°0
0000°0
0000°0
00000
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0

€S/W)T3A 130 (WO/WOISSYW 13r (HIIOYE°AVD (VdW)b3sl

0000°0
0000°0
0000°0
G0co°0
0000°0
0000°0
0000°0
000070
006070
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0

0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0009°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
000070
0000°0
0000°0
0000°0
0000°0
0000°0

000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
00070
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0

000°0
000°G
000°0
000°0
000°0
000°0
000°0
000°0
000°0
00070
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
00070
000°0

000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
00070
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0

000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
J00°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0

0°6952
0°695¢
0°6952
076952
0°69s¢
0°6952
0°6952
076952
076952
0°6952
0°69s2
0°69s2
076952
0°6952
076952
076952
076952
0°6952
0°6952
076952

COO0OO0QOOVOO0OVOVOOO0OOOOO0O0OO00OO0OQOO

0
0
o
o
0°
0
0°
o
0
0
0
0
0*
o
0°
0
¢
o
o
0
o*
0
o
0*
0
0
0*
0
0
s

~~

¥°930)1

0oo0°t
0000°4
000071
0000°1
0000°4
0000°L
0000°}
0000°1
0000°4
0000°L
0000°4
0000°1
0000°
0000°4
0000°1
00006° ¢
0000°L
0000°4
0000°L
0000°1

0000°0
0000°0
0000°0
0000°0
0000°0
€000°0
0000°0
0000°0
0000°0
0003°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
000070
0000°0
0000°0
0000°0
0000°0
000070

(-)sd3

0000°0
0000°0
0000°0
0000°0
0000°0
000070
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°C
0000°0
0000°0

0000°0
0000°0
0000°0
0000°C
0000°0
0000°0
0000°0
000070
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
000070
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
000070
0000°0
0000°0

(S/W N

10-388012°0
10-388012°0
10-388012°0
10-388012°0
10-388012°0
10-388012°0
10-388012°0
10-388012°0
10-3880L2°0
10-388012°0
10-388012°0
10-388012°0
L0-388012°0
10-388012°0
10-388012°0
10-388012°0
10-388012°0
10-388012°0
10-388012°0
10-388012°0

60gy°L
60£9°4
608771
60€%°1
60¢7°1
60g%° 1
60£9° 1
607" 1
60gy°1
60£%° 1
6074
60€%° 1
60g7° 1
60"
60£%7°1
60gY°L
60£Y°1
607"
60€%°1
607"
60"
60£Yy° -
60gY°4
60£%° 1
60g%°1
60£9°1L
607" L
60eY° 1
607" L

€22/m9)0nY

000°02
000°02
000°02
000°02
000°02
000°02
000°02
000"02
000°02
000°02
000°02
000°02
000702
000°02
000°02
000°02
000°02
000702
000°02
000°02

057°¢
0s7°¢
0s%°¢
05Y°¢
05%°€
(11928
0s9°¢
0SY° ¢
0sY°¢€
0s%°¢
05%°§€
0s7°€
0s%°¢
0sY°¢
0s%°¢
0sy°¢€
11308 3
0s?°€
05Y°¢
05%°¢€
0sY°¢
057°¢
0s%°¢
05%°¢
0s7°¢
0s7°¢
0s%°¢€
0s%7°¢
05%°¢€

(VdW)d

e¥90°0-
2690°0-
1%20°0-
0620°0-
0¥80°0-
6880°0-
6£60°0-
8860°0-
25801°0-
4801°0-
95t 0-
98LL°0-
sg2L°0-
y821°0-
YEEL°0-
£8€1°0-
£€971°0-
Z28%1°0-
L£51°0-
185470~

1854°0-
2L91°0-
Y9170~
SI9L°0-
204870~
6£L1°0-
0224°0-
2081°0-
££81°0-
$98L°0-
2681°0~
8261°0-
056L°0-
1661°0-
£€202°0-
9502°0-
9802°0-
8ii2°0-
é%i2°0-
1812°0-
eLee -
Y%¥22°0-
S222°0-
4052°0-
6££2°0-
0.£2°0-
20%2°0-
££%2°0-
§9%2°0-

W)z

n
~
MMMMMMMMEnMMM MMM a M

O
-
" e . e T Y Y T Y T Y T T e Y O e e T O P

IN1Od HS3W NOTO3Y

29




€000°0 =

(¥dW)JAdd°d

0000°0
0000°0

0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0600°0

(S/MIT3A 13F  (WO/WOISSVW 131 (W3)QVE“AYD  (VdW)DIDIS Oro3alL

(0dFsH) L vIT3d

0000°0
0000°0

0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
000070
0000°0

0

0
0

6GG°VI9L {WD) SSVH I¥1OL
000°0 (3) dASVHd 1d7Id0o¥d NI TANd TIVIOL J0 NOIIOVIA
000°0 (3) IOUVHO ONITIAVYLI 40 NOIIOVHA QIAZIWOLYNQ
667 ' 68 {%) TOYVHO ¥ALS00d A0 NOILOVHA CIZIKOLYNA
9€28°1T (s/¥i) ALIDOTIIA NOLSId
€68T°1 (WD) TIATEL NOISId
809L°VE (S/W) ALISOTEA JTILDIALOTd
1G6€0°0 (H) 1TIANIL ATIXOILOud
000°€¢ = (DIASH)IARIL 62L8 = JIAHAN JIIS
‘0 0°0 000°0 0000°0 avad
‘0 0°0 000°0 0000°0 HHINAD
‘0 0°0 000°0 0000°0 aav¥maod
(VdW)dwva-“d (Ss/H)TdA (H)dc1d NoLsId
NOILSIE aNNOdWOD J0 JALWILS
000°0 000°0 0°6952 ovoo°t 0000°0 10-388012°0 090732 0000°0 172 4
000°0 000°0 0°6952 0000°1L 0000°0 {10-3880L2°0 000°02 0000°0 69 Y
000°0 000°0 0°6952 0000°1 0000°0 10-388012°0 000702 0000°0 89 Y
000°0 000°C 076952 0000°L 0000°0C 10-388082°0 ~ 000°02 6%00°0- 29 £
000°0 000°0 0°6952 0000° L 0000°0 10-38]C12°0 000°02 6600°0- 99 <
000°0 000°0 0°695¢ 0000°1L 0000°0 10-388042°0 000°02 8710°0- <9 ¢
000°0 000°0 0°6952 0000t 0000°0 10-3880L2°0 000°02 8610°0- 9 1
000°0 000°0 0°6952 0000°}) 0000°0 10-3880L2°0 000°02 4%20°0- £9 14
000°0 000°0 076952 0000°1L 000070 10-3880L2°C 000°02 9620°0- 9 1Y
000°0 000°C 0°6952 0000°¢ 0000°0 10-388012°0 000°02 9%¢06°0- \9 <
000°0 000°0 0°6952 0000°¢ 0000°0 10-3880L2°0 000°02 66£0°0- 09 £
000°0 000°0 076952 0000° L 0000°0 10-3880L2°0 000°0¢ S9%0°0- 6S £
000°0 000°0 0°6952 0000° 4 0000°0 10-388012°0 000°02 76%0°0- 8s <
000°0 000°0 0°6952 0000°1L 0000°0 10-388042°0 000°02 £950°0- 15 1
000°0 000°0 0°695¢2 0000°1L 0000°0 10-388012°0 000°02 £€650°0- 95 1

(-)sd3 (s/u n €22/W9)0HY  (VdW)d (W)Z  INIOd HS3IW HOID3Y

30




0000°0 0000°0 000°0 000°0 0°0 0000°0 19£8°0 LSyt 258°¢8 Ligl o- 62 1
000070 0000°0 000°0 000°0 0°0 0000°0 ieig-o bisY°L 184°£8 6584 °0- 82 l
0000°0 0000°0 090°0 000°0 0°0 0000°0 0£84°0 01s9°L §69°€8 £931°0- 2 3
0000°0 0000°0 000°0 0G0°0 0°0 0000°0 éa2yL°0 olsy i 619°£8 $68i°0- 92 3
0000°Q 0000°0 000°0 000°0 0’0 0000°0 £969°C o0Ls7°1 £95°£8 £€261°0- T4 3
0000°0 0000°0 000°0 000°0 0°0 06000°0 2159°0 ols%°1 £59°£8 0561°0- Y2 }
0000°0 0000°0 000°0 000° 0 0°0 0808°0 1609°0 01s7°1 195°¢€8 8/61°9- €2 l
0000°0 0000°0 000°0 000°0 0°0 0090°0 ¥995°0 60SY° 1 ¥92°£8 2002°0- ¥4 }
0000°0 0060°0 000°0 000°0 0°0 0000°0 y125°0 60S%°1 922°€8 Y¥£02°0- 4 3
0000°0 0000°0 00 ggo-¢ "0 0000°0 094%°0 605%°1 0.4°€8 2902°0- 02 i
0000°0 000070 J00°0 000°0 0°0 0000°0 oley°0 6057° L 160°¢@ 060270~ 61 t
0000°0 0000°0 000°0 000°0 (14} 0000°0 2Y8E°0 6087°1 200°£8 8412°0- 8l i
0000°0 0000°0 000°0 000°¢ g0 0000°0 29%£°0 603%7°1L 206°¢8 s¥12°0- i 3
0000°0 6000°0 000°0 000°0 60 0000°0 9£82°0 805%°1 903°28 £212°0- 9l b
0000°0 0000°0 00070 000°0 () 0000°0 08g2°0 805%°L §0.°28 1022 0- St 3
0000°0 0000°0 000°0 000°0 0°0 0000°0 1202°0 80s%°1 209°28 6222°0- K43 L
000°"0 0000°0 000°0 000°0 0°0 000070 872170 80s7°1 915728 2162270~ £l $
900u°0 0000°0 000°0 000°0 00 0000°0 sisl o 206%°1 0gY°¢8 $822°0- (4} i
00M0°0 0000°0 000°0 000°0 0°0 0000°0 08240 208%°1 8%£°28 £i£2°0- i t
900070 0000°C 000°0 000°0 0o 000070 950170 208%°1 19228 09£2°0- o ]
0000°0 0009°0 000°0 000°0 00 0000°0 86.0°0 205%°¢ s91°28 89£2°0- $ l
06G00°0 0000°y 000°0 000°0 00 0000°0 ¥850°0 2058%°) 990°¢28 96£2°0- 8 3
0000°0 0000°0 000°0 000°C 0°0 0000°0 10%6°0 908%°4 626°18 ¥2%92°0- L 3
0000°0 0000°0 000°0 000°0 0°0 000070 2%20°0 905%°4 206°18 es%2°0- 9 i
Q000°0 0000°0 000°0 000°0 0°0 J000°0 1210°0 90sY° 1 i78°18 08%2°0- S ¢
0000°0 0000°0 000°0 000°0 0°0 0C00°0 8£00°0 90s9° | 208°18 8052°0- k4 L
0000°0 0000°0 000°0 0009 00 0000°0 9000°0- 90s%°1 99L°18 5£s2°0- € «
0000°0 0000°0 000°0 000°0 0°0 0000°0 2000°0- 905Y°1 i¢L°18 £852°0- 4 4
0020°0 0000°0 000°0 000°0 0°0 0000°0 0600°0 90S%° 4 1£2°18 165270 l i

(S/W/3A 130 (WI/WIISSYN 13P (HO)QVY'AYD (VdWIDIDIS (N°93a)L (-)sd3 (s/m )n (20/WDIOHY  (VdW)d (W)Z  1410d HS3Ww NOID3Y

62-3LG562¥2°0 (-)YITIANVIVd IIC YOTAVL
*8T¥60S {S/WD) 130 JO. NOILVYOIINISIA 0 2IwH
*269166 (S/WD)17L 40 NOIXJSHLN1I 40 ALvA
98LT°2 (WD) IdFL IVIXY J0 HIONAT °*XVKR
1991°2C (WD) 180 IVIXY 40 HLONAT
069°S6T {W9) 1AL IVIXY 40 SSVKW

SIT 0 (VdW) FONVISISIY MOOHS ¥IV
000°0T (VdW) FONVISISIY HOIVINLLO

6TT 0 (%) 10339a ROWANF
166°0VG8VLOE (£) X9YANT 'IVAHOL
160°0 (%) 20333A SSVH

31




0000°0
0000°0
0000°0
0000°0
0000°0
0000°¢
0000°¢
0000°0
0000°0
000070

0000°0
0000°0
0000°0
000070
0000°0
0000°0
0000°9
0000°9
0000°0
0000°0
0000°0
0000°0
€ago°o
0000°0
0000°0
000070
0000°C
0000°0
0000°0
Qooc0
0000°0
0000°0
$4000°0
0000°0
0000°0
0°80L

504

6°¢cli

i°9t1

0000°0
0000°0
0000°C
0000°0

0000°0
0000°0
0000°0
000G°0

€S/W)13A 131 (KJI/WIISSVW 137 (WI)QVY“AYVD  (VdAW)DITIS (N°93ML

0000°0
0000°0
0000°0
0000°0
0600°0
0000°0
0000°0
0000°0
000070
0000°0

0000°C
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
0000°0
000070
0000°0
0000°0
0000°0
0000°0
0000°0
0000°C
0000°0
0000°0
0000°0
0030°0
0000°0
000270
0000°0
6e° Yl

62°L%

1s° LY

10°L€

s2°LY

68°L9

6£°08

SL°ee

0000°0
000070
0000°0
0000°0

000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0

000°0
000°0
000°0
000°0
00970
000°0
000°0
000°0
000°0
000°0
000°C
000°0
000°0
000°0
000°0
00c°0
000°0
000°0
000°0
000°0
000°C
000°0
000°0
009°0
000°0
000°0
0no°o
€00°0
000°0
000°0
000°0
000°0
000°0

000°C
000°0
000°0
000°0

000°0
000°0
000°C
000°0
000°0
000°0
000°0
300°0
000°0
000°0

000°C
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0
00670
90070
000°0
000°0
000°0
000°0
000°0
000°0
000°0
000°0

000°0
000°0
000°0
000°0

6°652¢
€£°5628
kAL TAY
9 528
£°262¢
897052k
6°8%2¢
S 9%2¢

92E
(AR5 4%

2T ivee
9°2seE
LK 144 %
é°t1dz
9°961¢
2°621L¢
9°iYiE
8°olie
8°¥90¢
2 olog
S 8962
g8°1e82
0°2tee
etinie
LoiL9e
2°£09¢
$°9gse
4°4192
14292
2 6952
27122
§ 9222
s 2ga2
L°0612
0°9%12
Z2tsoie
672802
879202
$°£802
0°9iie
4°8512
0°i2¢¢
4°9%22

00007}
0000°1{
0000°%
0000°1
0000°¢
0000° L
0000°1
0000°1
0000°1
0000°L

0000°|
0000° 1
0000”1
0000°1L
0000°L
0000°}
000071
0000°1L
0000°¢
0000°1
0000° ¢
0000°}
0000°}
0000°L
0600°L
0000°1L
0000°L
0000°1L
000071
0007t
0000t
0000° L
0000°¢
000071
0000°L
0000°¢
0000°L
0000°L
000"
0000°L
0000°L
0000 §
0000°1

000070
0000°0
000070
000070

{-)sd3

S0EY"89
LL6% 2L
1842°9L
L£62°18
92£0°98
0%86°06
LEEL 96
02s%° Lol
2£26°901
91572t

g29s2Ll
s0s2°6Ll
9905°921L
2532°¢¢l
6L6£°0%1L
S966° 991
25827491
258957991,
L109°€9L
95%0°6£1
S0LS°£El
615£5°221
8lyy°iei
88BO°SLL
£252°801
6%60°00¢
¥2%0°16
£799°18
22i8°€L
09£0°89
%000° %9
%0%5°6S
£999°%S
S89L°9%
00se°¢Yy
vLL9°2%
tio2-ie
9156°9-
gL2e-ol-
£529°9-
859776~
y168°0t -
9£28° L1 -

1806°0
§226°0
2£06°3
6.98°0

(s/W 3N

10-311809°0  9Y1°sL
10-3%0809°0 02l°S2
10-358209°0 920°6L
10-3€6209°0  210°SL
10-301209°0 626794
10-385909°0 828" %L
10-350909°0 £1L°%92
10-329509°0  285° %L
10-386%09°0  €S%° %L
10-32€%09°0 Llg°%2

10-32€%09°0 Zi€°9L
10-352€09°0 %86°¢L
L0-395£09°0 118782
10-36€509°0 28.°%L
10-398809°0 i/8°€L
10-369€19°0  S66°¢€L
10-300029°0 Z21°%L
10-356429°0 261°%2
10-3269¢9°0 Z8L°%
10-3869%9°0 Zii°%L
10-3%0655°6  SL0°9L
10-382229°0 026°¢L
10-3%0889°0 9Y8°¢€L
10-325%0L°0 %08°€L
10-308122°0 €94°¢L
10-35€682°0 82L°£L
10-3829SL°0 089°¢L
10-..724L°0  98Y°%L
10-319282°0 00£°€L
10-311€08°0 612°¢L
10-390028°0 0%E°€L
10-3826€8°0 SLL°€L
10-388858°0 £80°%¢
10-390088°0 2085°%L
10-316868°0  0LL° %L
10-382816°0 L10°SZ2
10-322426°0 °0£0°4L
10-320026°0 280° %L
10-30€206°0 982 EL
10-304168°0 110°%2
10-3%00.8°0 £29°2L
10-355€Y8°0 90€°2L
10-391628°0 29l°2L

LSt g61°7%8
139 ) 9L0° 8
1isy°t 2£6°¢9
233 %06° €8

(Q2/H9)OHY  (VdW)d

8510°0 8L ki
0710°0 42 v
€210°0 9% /
S0t0°0 SL Y
8800°0 /2 Y
0.00°0 £L Y
£500°0 el Y
G£00°0 9] K
8100°0 oL Y
0000°0 69 9
0000°0 89 £
£500°0- 49 €
9010°0- 99 £
6510°0- 14 €
212070~ el %
9920°0- 37 €
61£0°C- 44 £
2.£0°0- 19 £
§2%0°0- 09 £
8.%0°0- 65 £
1£50°0- 95 £
9850°0~ 48 €
4£90°0- 95 3
0690°0- SS € ~
%2070~ 9S z o
2640°0- £€ £
0583°0- 2s €
£060°0- 33 <
9560°0- 0s £
6001°0- 6y £
2901°0- 87 £
Sitivo- FA 3
69L1°0- 9% €
22ei°0- 34 3
§L2L°0- 7 £
gegl "0 £7 £
19g1°0- 1A £
€970~ 3 3
48%L°0- 0y £
0%51°0- 6¢ £
£651°0- 9€ €
L731°0- 8 £
0041°0- 9t €
0021 0- €€ i
g2iL°0- 2€ 4
SSL4°0- 131 i
£84L°C- (1} l

(W)Z  INIOd HS3W NOID3¥




1€-300L699°0 (=) HILARAYd TIL JOTAVL

000000°0 (S/WD)ILAL 40 NOILVIOFINISIA 40 FIWA

LO+ATLLSBIE O (S/WO)IFL JO0 NOIIDILNI JO AILVA

0862°2 (WD) IdL IVIXVY 40 HIONIT 'XVH

8€T6°0 (WD) 1dL IVIXVY J0 IIIONAT

Iv9°vZeE (WD) 13Lr IYIXY JO SSVHW

882°0 (YdH) HONVILSISHY MOOHS uLIV

000°€ (VdH) FONVISISAY JOoIViNLIo

6L8°T1 (%) 103IFA ADYINT

8¥8°8V99020¢ (£) X99ANT IYIOL

TTT°2 ($£) I03d3a SSYH

29G6°09%L (WD) SSVH 1Y1OL

000°0 (%) ISYHd I31d0¥d NI 130d IVLOL 4O NOILOVId

000°0 (%) TOUVHO SNITIAVIL JO NOIIOVId AIZIWOLVNA

6EG°V () A9YVHO ¥ILS00d 40 NOILOVIA AIZIWOLWYNA

€GEZ°0Y (3/H) XILIDOTHA NOLSId

2TL9°6 (WD) TIAVIL NOILSIQ

8€2G6°682 (S/HW) RLIDOTIA FTILOILOYA

Zosv 0 (K) TIAVEL F1TiodLodd

€000°0 = {(DHASKH)L \I13d 000°9 = (DASKH)IWIL 16€8T= JYIAWNN dILS
0000°0 0000°0 000°0 000°0 1°092E 0000 L 809.°%¢ 10-3%1509°0 858° %2 15£0°0 68 9
0000°0 0000°0 000°0 00070 ¢ 852 0000°¢ 8962°1¢ 10-326509°0 998° %L %£€0°0 s8R Y
0000°0 0000°0 000°0 000°0 1°252¢ 0000° 4 9626° 6% 10-388509°0 SPC° %L 9L£0°0 28 4/
0000°0 0000°0 000°0 0u0°0 9°942E 0000°1 9£65°2% 10-302909°0 916°%L 6620°0 98 92
0000°0 0000°0 000°0 000°0 %°962¢ 0000°1 6LEE°SY 10-3€5909°0 166°%L4 1820°0 8 9
0000°0G 0000°0 000°0 000°0 9962y 0000°1L £€8L°8Y 10-368909°0 £66°9L £920°0 b 9
0000°Q 0000°0 000°0 000°0 §°952¢% 0000°L eSYL° LS 10-321209°0 9£0°SL 9%20°0 €8 Y
00000 000G°0 000°0 000°0 9°952¢ 0000°1 8062°9S 10-329209°0 220°SL 8220°0 8 9
0000°0 0000°0 000°0 000°0 2°9%2¢ 0000°1) §r1.6°4LS 10-3€2209°0 2i1°SL 1120°0 {8 9
0000°0 0000°0 000°C 005°0 9°9GeE 0000°1 5966°09 10-3%6409°0 2€1°6L €610°0 08 Y
0000°0 0000°0 000°0 000°0 9°962¢ 0000°¢{ 9885° Y9 10-320809°0 6%1°S 9.210°0 6L 9

(S/W)13A 130  (WO/WD)SSVW L13r (WI)AVE“AVD (VdW)DIDIS (Ni*0adMi  (-)sd3 (S/W M (20/WD)OHY  (VdW)d (W2  INIOd HS3W NOID3Y

33




00C9°0 J000°0 000°0 000°0 9°2822 0000°L 6061° 122 %0522°0 816°022 L08L°0 L% Yy
0000°0 0000°0 000°6 Q00°0 9°2522 0000°1 52957592 900%2°0 L6822  94si°0 9y ki
0000°0 000G ¥ 00070 000°0 2T6%ee 0000°L 14£6° €22 P04¥2°0 2Ll°sgd  ISEL°0 sY b/
0000°0 0000°0 000°0 000°0 276522 0000°1 %219 %3¢ 0:092°0 1£5°6%2 921170 vy %
0000°0 0000°0 000°0 000°0 6°¢822 0000°1L 0826° 9.2 29982°0 095°S6¢  0060°0 €Y Y
0000°0 0000°0 000°0 000°0 070082 0000°¢ ¥8L5°19¢ 0860€°9 SLL"82E  S290°0 t44 v
005070 0000°0 000°0 000°0 8°4822 0000°L 9€L9° LY Y9176 L19°9¢€  0S%0°0 X4 v
0000°0 0000°2 000°0 000°0 271922 0000° 1L 66£6°58Y 0%91€°0 86£°leE 22070 0% k4
0000°0 0000°0 000°0 000°0 §°6%22 0000°1 V(73 T4 9502€°0 sglTseE  0000°0 o€ Y
0000°0 0000°0 000°0 000°0 s 6%22 0000°1 £265°52¢ $30.£°0 9gL°SEE  0000°0 8€ £
0000°0 0000°0 000°0 000°0 [ 144 J000°L 1990°29Y 9Y92£°0 9LL°€¥E  0800°0- V2 £
0000°0 0000°0 000°0 000°0 0°%s22 ooo0°L %042°80% 600£€°0  999°8%E  6510°0- 9% €
0000°0 0000°0 000°0 000°0 9°6%22 0000°1L S010°19¢ €LiE8°0 602°0SE 6£20°0- sg 3
0006°0 0000°0 0600°0 0oc’o 8°evee 0000°L 1€89°8L¢ %228€°0 £¥8°6%E 81£0°0- Y €
0000°0 0000°0 000°0 50070 2 gge? 0000°1 ssiv ale S21€€°0 Zt0°L%E 86£0°C- £€ £
0000°0 003070 000°0 000°0 1-ezee 0000°L €£99° 102 0£62£°0 2/9°2%¢ 8.%0°0- 4 £
0000°0 0000°0 000°0 000°0 €012 0000°¢ 56657802 0492£°0  26£7.£8  2SS0°0- 33 £
0000°0 0000°0 000°0 000°0 676612 0000°L 9471231 L992€°0 282°2¢¢  1£90°0- (119 €
0000°0 06000 000°0C 030°0 2 a6l 0000°} 496" 991 L1€2£°0 9267628 L120°0- 62 £
0000°0 0000°0 000 000°0 171812 ooco°i 0812°%51 £0£2£°0 9717628 96£0°0- 82 £
0000°0 0000°0 000°0 000°0 8°v81e 0000°L 2856°6%1 L6E2E°0 9%E"62f  9.80°0- 2 £
0000°0 0060°0 900°0 000°0 818tz 0000°1 £528° 97l 96£2£°0 12%°62¢  §560°0- 92 £
0000°0 0000-0 000°0 000°0 9°6Ll2 0000°1 i8¢l *BEL L9£2€°0 £28°22€  SEOL°)- 114 £
000¢°0 0000°0 000°0 000°0 59912 0000°4 LeLs L3t €2225°0 04s°92€  Ssiii‘0- (4 £
0000™) 0000°0 000°0 000°0 8 esie 0000°4 09827211 9912£°0 LgL°22¢  %6L1°0- 1 14 €
on5c 0 0000°0 000°0 000°0 9°L£12 0000°1 ¥927°501 92leE"0 £9£°6lE 922170~ 22 £
0000°0 0000°0 000°0 000°0 0°2zie 0000°L 80.L°96 2002€°0  18%°SlE  9SEL°O- 12 £
0000°0 000070 000°0 000°0 L 1374 0000°1 69E%°£6 1291£°0 6£6°LLE  ££91°0- oe €
0000°0 0000°0 000°0 000°0 ez 0000°1L 0881706 8EYLE°0  ¥96°90€  £lsi°0- 6l €
0000°0 0000°0 000°0 000°0 g£°2liz 0000°L 02..°98 6960£°0 €61°L0E  26SL°0- 8l £
0000°0 0000°0 000°0 000°0 g£°2012 0000°1 6919° 9L €260€°0 620°6€2 2917 - i €
0000°0 0000°0 000°0 000°0 6°6602 0000° L 1£96°29 L020£°0 {17062  2siL°0- 9 €
0000°0 0000°0 000°0 000°0 2°6602 0000°1 082¢£°SS v.00£°0 167482 L£8L°0- 13 £
0000°0 0000°C J00°0 000°0 s° 1602 0000°¢ (1715817 L%10£°0  %le"ese  Li61°0- ki €
0000°0 0000°0 000°0 000°0 9°£802 0000°1 6926°95 9£20£°0 292°982  1661°0- £l <
0000°0 65°62 000°6 000°0 1°2202 0000°1 2.2.°8Y 99S0€°0 - S62°i62 0.02°0- (43 £
0000°0 S0°6S 0000 009°0 £°£902 0000°1 Y2ey°le 65%0£°0 9017982 0Si2°0- i1’ €
0000°0 ££°69 000°0 000°0 £°6502 0000°L £65¢°€2 22908°0 6617282 6222°0- vi £
0000°0 ¥9°49 000°0 000°0 570502 0000°1 SLLyt Lt 2090€°0 1i0°g82 60£2°0- é £
0000°0 48729 000°0 000°0 8°.£02 00001 66%9°S- 22%0£°0 OLL Y82 68£2°0- 8 £
0000°0 9L°L9 000°0 000°0 9°2£02 0000° ¢ §55Y°62- 9220€°0 S9£°282 &9%2°0- 4 €
0000°0 £1°29 000°0 000°0 0°4%02 0000°1L £5€2°0%- 9920£°0 S62°€82 8Y52°0- 9 £
0000°0 0000°0 000°0 000°0 0°0 0000°0 158570 091571 £€1°21y 8%82°0- £ }
0000°0 0000°0 000°0 000°0 (UsY) 0000°0 8.92°0 L91s°1 €662ty  0492°0- 2 3
0000°0 0000°0 000°0 900°C 0°0 0000°0 0000°0 l91s°t €£0°€lY 16692°0- i i

(S/W)13A 13F  (RO/WO)SSYW 131 (WOIQVE°AVI (VdWIDIDIS (X°93Q)L (-)Sd3 (s/h )N (J3/W9I0HY  (VdW)d (W)Z INIOd HSIW NOISIY

34




T€-360G69TL"0 (- ) HILINVIYD LIC0 HOTAVL

000000°0 (S/WD)JAL JO0 NOILVYOAINISIA 40 FIVA
000000°0 (S/WO)IAL 40 NOILDIPLNI 40 FILVH
08622 (WD) 1AL TIVIXV 40 HIONAT °XVKH
FERREXNEXRN (HO) I3L IVIXVY JO HIONAT
000°0 (WD) 1AL IVIXVY JO SSYHW
£€98°0 (VAK) HONVISISHY MOOHS dIV
000°¢€ (VdW) FONVISISIY JOIVINLLO
16G°1 (%) Iodd3A AOYANA
YY0°0T2S620€ (£) X9YANI IVIOL
809°T (%) 10343A SSVH
LG6°86VL (WD) SSVYW IVIOL
000°0 (%) ISVYHd IITdodd NI TInd IVIOL 4O NOIINVIL
000°0 (%) TOUVHD SNITIAVEL JO NOIIOVId QIZIWOLVNN
000°0 (%) FOUVHO YIALS00d J0 NOIILOVYA QIZIWOLVNN
0000°0 (S/H) XIIDOTAA NOISId
0Ov0T° 0T (WD) TIAYIL NOLSId
996L°069 (s/H) XILIDOTIA ATIIOIrLodd
VELS S (W) TIAVES FTILOALOYd
8T00°0 = (DFSH)I VITIIA 000°ST = (OFASK)AWIL L2222= JA9WNN ddIS
0000°0 0000°0 000°0 000°0 0°1%2% 0000°1 8£25°682 OLE61L°0 6Ly €Y 205%°0 65 9
0000°0 0000°0 000°0 000°0 0°906¢ 0003°1 19€S°12Y 06602°0 2ClE"65E 44270 8s 9
0000°0 0010°0 000°0 000°0 6°995¢ 0000°}% 1220°58% 49212°0 096°08E 2S0%°0 415 b
0000°0 0000°0 000°0 000°0 §°0L2¢ 0000°1 0969 LSY gi622°0 0O%1°91E  L28£°0 9s b
0000°0 0000°0 000°0 000°0 9°L90¢€ 0000°1 1662°0L% CLEEL°0 %6£°90E 209¢°0 sS 14
0000°0 0000°0 000°N 000°0 6°£s8¢ 0000°1L LYy L8% 069£2°0 %2%°262 2LE%°0 9S 9
0000°0 0000°0 000°0 000°0 1°0042 0000°¢ 0SY8°¢28¢ 92%¢2°0 %5S8°€l2 CSLE°O €S 9
0000°0 0000°0 000°0 000°0 9°18s¢ 0000°¢ £269°68% 990£2°0 £6£°9%2 l262°0 s ]
0000°0 0000°0 000°0 000°0 1°06%2 0000° 4 [<:(1] 08 714 62222°0 69%°gye L0L2°0 is Vi
0000°0 0000°0 006°0 000°0 212y 0000° 1L }€29° 1SS ££622°0 022°9€2 S«L%2°0 0s 9
0000°0 0000°0 00070 000°0 §°5982 0000°} 2699°Y2g €i%22°0 g£Y9°222 1822°0 6% Y
0000°0 0000°0 000°0 000°0 go618e 0000°1 2n8Y° 162 £€9€22°0 20922z 9222°9 8Y Y

(S/ND13A 136 (WO/WOISSYW 130 (WDIQVH AVD (VdWID3DIS (X°93d)L  (-)Sd3 (S/W in (22/W9)0HY  (VdW)d (W)Z INIOd HS3W NOIO3Y

35




0000°0 0000°0 000°0 000°0 S eeyl 0000°1 962€° LS 10-364%09°0 €l8°2¢ 7106°¢ es k4
0000°0 0000°0 000°0 000°0 £°90%1 0000°1 0S69°78Y% 10-3§2229°0  S6l°¢E 1229°¢ 1S Y
0000°0 0000°0 000°0 000°0 €£°CoEl 0000°1 9294° LSy 10-350%€9°0  l6%°g¢ o79e° ¢ 0s Y
0000°0 0000°0 00c°0 000°0 €°2LEL 0006°L 9.99°8LY 10-3666£9°0  20%°g£¢ $590°¢ 6% Yy
000070 000070 000°0 000°0 0°y9¢l 0000°L 2690°98¢€ 10-3922%9°0 l2f°¢¢ 2982°2 8y K
0000°0 0000°0 000°0 0000 96581 0000°4 9612° 5S¢ 10-325€%9°0 %82 €€ 0805°2 L7 ki
0000°0 0000°0 000°0 000°0 8°8s¢kl 0000°1L 2l29°9¢¢ 10-30%499°0 08%°¢€€ £622°2 97 K
0000°9 0000°0 000°0 000°0 9°19%L 0000°1 £698°662 10-319959°0 £%6°%% £2066°1 134 k4
0000°0 0000°0 000°0 000°0 ¥°99¢i 0000°1 §59%°8.2 10-395€99°0  S%S°%¢ 0249°1L Yy k4
0000°0 0000°0 000°0 000°0 Yo elel 0000°L 02%%°9s2 L0-32£629°0 69£°SE ££6£°1 £y /
0000°0 0000°0 000°0 000°0 £°08¢l 0000°1 élle-yec 10-316%89°0 250°9¢ it ey ki
a000°0 0000°0 000°0 000°0 0°88el 00007t €20%°%02 10-3€0269°0 2.9°9¢ 09£8°0 134 k4
0000°0 0000°0 000°0 000°0 L2698 00001 £6£8°291 10-356969°0 88L°L% €1585°0 oY k4
0000°0 0000°0 000°0 000°0 4°50%1 0000°} b0y EEL 10-329%69°0 Ll2°lt 4842°0 6¢ k4
000070 0000°0 000°0 000°0 0°siyl 0000°1L €00£°001 10-312689°0 SS2°Lf 0000°0 1 /
0000°0 0000°0 000°0 000°0 0°siyl 0000°1 9%62°001 10-312689°0 S52°.L¢ 0000°0 P33 £
0000°0 0000°0 000°0 000°0 S°siyl 0000° ¢ 996£°98 10-356689°0 6l2°.L¢ 1800°0- 9% 2
0000°0 0000°0 000°0 000°0 2°9iyl 0000°L 9420°92 10-386069°0 8S£°.€ 2910°0- (1% £
0000°0 0000°0 000°0 000°0 S°9Lvl 0000° 1 €2€9°99 - 10-3£2169°0 I8E°.% £420°0- 9€ £
0000°0 0000°0 000°0 000°0 6°919l 0000° ¢ 2L%6°85 10-329169°0 £L%°L€ %2£0°0- £€ €
0000°0 0000°0 000°C 000°0 Lo2i7 0000° L 2202°2s 10-328169°0 0£%°.S $0%0°0- 43 3
0000°0 0000°0 000°0 000°0 €219 0000° L £€22%9°9% 10-320269°0 9%»°L¢ 98%0°0- 3% 3
0000°C 0000°0 000°0 000°0 2271 0000°1 SY9ET 1LY 10-321269°0 9S%°L¢ 4950°0- o€ €
0000°0 0000°0 000°0 000°0 L9 0000°1 6.88°9¢ 10-31€269°0 S9%°LE 8%90°0- T4 £ uw
0000°0 0000°0 000°0 000°0 YLyl 0000°¢ 02s6°2¢ 10-39%9269°0  LL¥° L€ 8220°0- 82 £
0000°0 0000°0 000°0 000°0 £°2191 0000°} 990962 10-385269°0 9.%°.¢ 6080°0- 2 €
0000°0 0000°0 000°0 000°0 bkt 0000°¢ 2eye-9e 10-3£2269°0 08%°.L% 0680°0- 92 £
0000°0 0000°0 000°0 000°0 8oL 0000°} $885°€2 10-316269°0 £8%°.% 1460°0- se €
000070 0000°0 000°0 000°0 7°9L71 0000°L tooa-02 10-3L1€69°0 &8Y°L€ 2561°0- 92 £
0000°0 0000°0 000°0 000°0 0°9LY1 0000°1 9299°81 10-3%€€69°0 989" L% gEiL-0- T4 £
0000°0 0000°0 000°0 000°0 154 0000°L ¥€82°91 10-319869°0 88Y°.L¢& Y121°0- a2 3
0000°0 0000°0 000°0 000°0 6 9t 0000°1 S§90€° 9L 10-316£69°0 88%°L¢ S62L°0- (¥4 £
0000°0 0000°0 000°0 000°0 it 000071 6s92°21 10-382%69°0 68%°.1¢ 9.£1°0- 02 £
0000°0 0000°0 000°0 000°0 SELYL 0000°1 si52°2L 10-375%69°0 28%°L¢% 28%1°0- 6l £
0000°0 0000°0 000°0 000°0 g 2Lyl 0000°1 éiel-et 10-378%69°C 98%°.¢ 8esL 0 8t €
0000°0 000070 000°0 000°0 €72y 0000°1 2294714 10-380569°0 98Y°L€ 619170~ i1 £
0000°0 0000°0 000°0 000°0 6° LI 00001 £664°01 10-382669°0 98Y°.i% 0041°0- 9t £
0000°0 0000°0 000°0 000°0 STLLYL 0000° 1L 9408°6 L0-3£9569°0 °“98%°LE 1821°0- 11} €
0000°0 0000°C 000°C 000°0 £l 0000°1 90£8°8 10-385569°0 98%°LE 298L°0- 7" £
0000°0 0000°0 000°0 000°0 1341 0000°| 8.98°L 10-319569°0 98%°L¢ £%61°0- €l €
000070 0000°0 000°0 000°0 154 0000°L 289879 10-319569°0 98%°L€ £202°0- (4 €
0000°0 0000°0 000°0 000°0 €Lyl 0000°L 6988°S 10-395569°0  98%°L€ %012°0- 11 £
0000°0 0000°0 000°0 000°0 9°Li% 000074 ¥906°% 10-30%569°0 98%°.¢ s8L2°0- ol €
0000°0 0000°0 000°0 000°0 1454 0000°1 Ys26°¢ 10-31669°0 98%°LE 9922°0- ] £
0000°0 0000°0 000°0 000°0 L2 0000°¢ 9962 10-398%€9°0  98%°4€ 29£2°0- 8 £
0000°0 0000°0 000°0 000°0 9°glyl 0000°1 2£96° L 10-35%%69°0 98%°L¢& 82%2°0- P €
0000°0 0000°0 000°0 000°0 iy 0000°1L 8186°0 L0-356£69°0 98%°LEf 6052°0- 9 £
0000°0 0000°0 000°0 000°0 0°9iLvL 0000°1 0000°0 L0-3££€69°0 98Y°LE 0652°0- s €

Q3S0M) St | NOI93d
(S/W)13A L3P (RWI/WO)SSVH 13r (WD)QV¥°AVI (VdWIDIDIS (XN°93G)L  (-)Sd3 (s/W )N (J2/W9)OHY  (VdW)d (W)Z  INIOd HS3N NOIDIY

[



2GYLT 81G8°0 £€6°€¥Z L6°86€E 8V°26Z TG°69¢ €L°0T 18°29¢ I8€°0
asvd ILYO¥HIL JILAWVHO dINdIT o) s/KH W
dALSN A (VaW) FANSSHYJ-—=——=—=—- TIOOV ALIDOTAA TIAVHL
FINSSTId JYAGWYHO °“XVH
0 0000°0 00°0 00°0 00°0 00°0 00°0 00°0 000°0
asvd IVOYHI YALGWVHO dINOIT 1) S/H W
d3JISN A (VdW) FINSSFId-—=—m=——— TILOV  ALIDOTIA TIAVYL
JANSSTId HAGWYHO *YALNI °XVW
90691 868L°0 V¥8°GTZ LL°89Z 8I°2Z8E 62°20G LV°6 z2veove GvE°0
asvd IVOYHI YIAGWVHO dINdIT1 )| S/H W
dALSN A (VdW) FINSSHYJ~=——=m—=—m TIOOV ALIDOTIA TIAVIL
FINSSAId ATNOIT °*XVH
‘61 (9-M) NOIILVIITIIOV °XVK
yvoeey (YdKW) FANSSTIJ TIYIVE " XVH
r4 A% 4 () -d433 -o0z31d LY 00% (¥dW) JUNSSTId JTIWYHO °XVH
yzo ve (%) °“J343 °OWNIHIL 00°0 (VdW) FANSSTYd YAGWVHD °*INI °*XVH
62°206S (¥du) FINSSTId AINOIT *XVH
96v°¢C 000°0 (%) Jouyda xoYANI ‘ov (s/H) ALIDOTIA NOXSId °*XVH
8EV 2 000°0 (%) Jowua SSVHW *969 (s/n) ALIDOTIA FATIZZONW
XV NIKW
INdLNO XIVHKANS
0000°0 0000°0 000°0 000°0 0°g6¢2 0000°% 996L°069 10-392€9€°0 2%9°0¢ %£28°S
0000°0 0000°0 000°0 000°0 £°1£02 0000° 1L 6666°659 10-312509°0 Z64°0% 1%62°S
0000°0 0000°0 000 O 000°0 6°%6L1 0000°4 SoEL 1E9 10-39€099°0 0207 L& a9i0°s
0000°0 0000°0 000°0 000°0 8°2£91 0000°4 1086°009 10-31€805°0 %2¢€°1€ Yi€L°Y
0060°0 0000°0 000°0 000°0 2°8£5l 2000°} 11967029 10-3968%5°0 L26°\% 857" %
0000°0 0000°0 000°0 000°0 6° LYl 000074 ¥858° 195 10-397185°0 $8%°2% 008L°Y
(S/W)T13A 130 (WO/WOISSYN 13r (WI)AGV¥ AVI (VdWID3DIS (X°93@)L (-)Sd3 (S/n )N (20/W9)0HY  (VdH)d (€3 )4

SL°S
SH
dWIL

00°0
SH
dHIL

09°s
SH
GHIL

LA A A & & 4

ANIOd HS3W Mu1O3Y

.,

37




Tovce

dALSN

1o0vee

dILSN

€T68T

d3LSN

8YEBT

daLSN

09€ST

d3LSN

6G€EST

d3LSN

0000°T 0582

0000°T 0S°8¢

0666°0 VYI°1T6¢

T6¥6°0 LL°OTE

22€9°0 Zv-eTy

22€9°0 vv°ecy

Z

gasvd

gsvd

asvd

gsvd

asvd

asvd

vG e LL*VE 00°0 oT°T
IVOUHI YJIIWVHD dIndIT o)
———= (¥dH) FYNSSTIYd-======—m ictolel 4
ATZZ0OW
¥G°¥E LL*VE 00°0 oT°T

IVOYHI YIWVHO dINdIT 13):4

=== (¥dH) FINSSHYd-=======—— ictore) 4

NOILOWVYE IdTdO¥d °XVH

89°86C O0€°€LZ T26°96f €8°CT
IVOYHI YHEWVHO dINdIT 13):1

= (VdH) FANSSTUJ=-===~=== Bictele) 4

Jarsood 40 INONANd

98°T2E <CE°L6Z LO°8ZY 99°¢ET
IVOYHI JIAWVHO dINOIT o

——e=(¥dH) FINSSTUJ~—======—- Bictele) 4

ALIDOTIA NOLSId °‘XVH

8¥°1ZC O0L°6VZ LL°CVE TL°8T
IVOYHI YIAWYHO aIndIl o

——ee (VdH) FUNSSTYd=~====—=—== ictele) §

NOILVIITIAOOVY ~XVH

LY TZZ O0L°6VZ LL°ZVE 2L°S8T
IVOYHL YIIWVHO arnoIl )|

——==(¥dH) FINSSTId-=====m== picrelel

TINSSTAd TIIIVL “XVH

LE*969
S/
ALIDOTIA

LE*969
S/H
ALIDOTIA

9€°S0€
S/H
ALIDOTIA

TL°L82
S/W
ALIDOTHA

(A AEARN
s/H
ALIDOTIA

Zv° 2Z61
S/H
ALIDOTIA

8T6°SG
H
TIAVAL

816°S
H
TIAVIL

z8¥°0
H
TIAVAL

Lyv°0
H
TIAVAL

T6C°0
H
TIAYIL

TI62C°0
H
TIAVAL

06°ST
SH
JWNIL

0s° ST
SH
JHIL

TT°9
SH
JHIL

66°S
SH
JWIL

8T°S
SH
dHIL

8T°S
SH
JHIL

38




200
£€8°S
¥8°T1
00°0
00°0
6S° Ve
yv° ot
ZL LS
00°0
00°00T

ILNIOYdd

TEG6 VY
6GE'99LT
£€C° 969
000°0
000°0

8TV "vLVOT

T8G°GE0TT
CT9°8LYLT
000°0

285°0820¢

SATNOL-0TIA

YMOM MDOOHS ¥IV ANV NOILOI¥Nd (J)
:SSOT IVAH (3F)

OILANIN SvO (a)

. $DITANIM aIndI1 (O)

$OILANIM NOILSId (d)

IOITANIM ATIILOArLodd (VW)

:SASSOT ANV oM (¢€)

:XO¥ANT TYNYIINI Svo Iviol (2)
SIVOIWIHO INandNn (1)
SIVOINIHO IVIOL

AIVYWHAS JONVIVE XOHINI

39




INTENTIONALLY LEFT BLANK.

40




No. of
Copies Organization

2 Administrator
Defense Technical Info Center
ATTN: DTIC-DDA
Cameron Station
Alexandria, VA 22304-6145

1 Commander
U.S. Army Materiel Command
ATTN: AMCAM
5001 Eisenhower Ave.
Alexandria, VA 22333-0001

1 Director
U.S. Army Research Laboratory
ATTN: AMSRL-D
2800 Powder Mill Rd.
Adelphi, MD 20783-1145

1  Director
U.S. Army Research Laboratory
ATIN: AMSRL-OP-CI-AD,

No. of

Copies Organization

1

Tech Publishing (Class. only) |

2800 Powder Mill Rd.
Adelphi, MD 20783-1145

2 Commander

U.S. Army Armament Research, (Unclass. only) |

Development, and Engineering Center
ATIN: SMCAR-IMI-I
Picatinny Arsenal, NJ 07806-5000

2  Commander
U.S. Army Armament Research,
Development, and Engineering Center
ATTIN: SMCAR-TDC
Picatinny Arsenal, NJ 07806-5000

1 Director
Benet Weapons Laboratory
U.S. Army Armament Research,
Development, and Engineering Cent- ;
ATIN: SMCAR-CCB-TL
Watervliet, NY 12189-4050

(Unclass. only) 1 Commander
U.S. Army Rock Island Arsenal
ATIN: SMCRI-IMC-RT/Technical Library
Rock Island, IL. 61299-5000

1 Director
U.S. Army Aviation Research
and Technology Activity
ATTN: SAVRT-R (Library)
M/S 219-3
Ames Research Center
Moffett Field, CA 94035-1000

41

10

Commander

U.S. Army Missile Command
ATTN: AMSMI-RD-CS-R (DOC)
Redstone Arsenal, AL 35898-5010

Commander

U.S. Army Tank-Automotive Command

ATTN: ASQNC-TAC-DIT (Technical
Information Center)

Warren, Ml 48397-5000

Director

U.S. Army TRADOC Analysis Command
ATTN: ATRC-WSR

White Sands Missile Range, NM  88002-5502

Commandant

U.S. Army Field Artillery School
ATTN: ATSF-CSI

Ft. Sill, OK. 73503-5000

Commandant

U.S. Army Infantry School

ATTN: ATSH-CD (Security Mgr.)
Fort Benning, GA 31905-5660

Commandant

U.S. Army Infantry School
ATIN: ATSH-CD-CSO-OR
Fort Benning, GA 31905-5660

WL/MNOI
Eglin AFB, FL 32542-5000

Aberdeen Proving Ground

Dir, USAMSAA
ATTN: AMXSY-D
AMXSY-MP, H. Cohen

Cdr, USATECOM
ATIN: AMSTE-TC

Dir, ERDEC
ATTN: SCBRD-RT

Cdr, CBDA
ATIN: AMSCB-CI

Dir, USARL
ATTN: AMSRL-SL-1

Dir, USARL
ATTN: AMSRL-OP-CI-B (Tech Lib)




No. of

Copies Organization

1

OSD/SDIO/IST

ATTN: Dr. Len Caveny
Pentagon

Washington, DC 20301-7100

Commander

U.S. Army Amament Research,
Development, and Engineering Center

ATTN: SMCAR-TSS

Picatinny Arsenal, NJ 07806-5000

Commander
U.S. Army Amament Kescaich,
Development, and Engineering Center
ATTN: SMCAR-AEE-BR, A. Beardell
SMCAR-AEE-B, D. Downs
SMCAR-AEE,
A. Bracuti
D. Chieuy
Picatinny Arsenal, NJ 07806-5000

Commander

U.S. Army Armament Research,
Development, and Engineering Center

ATTN: SMCAR-FSA-S, H. Liberman

Picatinny Arsenal, NJ 07806-5000

Commander
U.S. Army Armament Research,
Development, and Engineering Center
ATTN: SM.CAR-FSS-DA, Bldg 94,
B. Machak
S. Traendly
T. Kuriata
R. Kopmann
J. Irizarry
L. Pinder,
C. Spinelli
K. Chung
Picatinny Arsenal, NJ 07806-5000

Commandant

U.S. Army Field Artillery School

ATTN: ATSF-CMW
ATSF-TSM-CN, J. Spicer

Fort Sill, OK 73503

42

No. of
Copies Organization

1 Commander
U.S. Army Belvoir RD&E Center
ATTN: STRBE-WC,
Tech Library (Vault) B-315
Fort Belvoir, VA 22060-5606

1 Commander
U.S. Army Research Office
ATTN: Technical Library
P.O. Box 12211
Research Triangle Park, NC 27709-2211

1 Commandant
1.3. Army Armmor Center
ATTN: ATSB-CD-MLD
Fort Knox, KY 40121

4 Commander
Dahlgren Division
Naval Surface Warfare Center

ATTN: Code G30, Guns and Munitions Divisior

Code G301, D. Wilson

Code G32, Gun Systems Branch

Code E23, Technical Library
Dahlgren, VA 22448-5000

2 Commander
Naval Surface Warfare Center
ATTN: O. Dengel
K. Thorsted
Silver Spring, MD 2(,502-5000

1 Commander
Naval Weapons Center
China Lake, CA 93575-6001

1 Director
Benet Laboratories
U.S. Army Amament Research,
Development, and Engineering Center
ATTN: SMCAR-CCB-RA, Julius Frankel
Watervliet, NY 12189-4050

1 Commandant
USAFAS
ATTN: ATSF-TSM-CN
Fort Sill, OK 73503-5600




No. of
Copies Orpanization

1 HQUSAMC COM
AMSMC-SAS
ATTN: George Schlenker
Rock Island, I 61299-6000

1 California Institute of Technology
Jet Propulsion Laboratory
ATTN: Technical Library
4800 Oak Grove Drive
Pasadena, CA 91109

2  Sandia National Laboratories, Livermore
Combustion Research Facility
Division 8357
ATTIN: Dr. S. Vosen
Dr. R. Armstrong
Livermore, CA 94551-0469

2 Director
Naticnal Aeronautics and
Space Administration
Lewis Research Center
ATTN: MS-603, Technical Library
MS-86, Dr. Povinelli
21000 Brookpark Road
Cleveland, OH 44135

1 Director
National Aeronautics and
Space Administration
Manned Spacecraft Center
Houston, TX 77058

1  The Johns Hopkins University
Apptizd Physics Laboratory
Johns Hopkins Road
Laurel, MD 20707 ,

1 University of Illinois at Chicago
Department of Chemical Engineering
ATTN: Professor Sohail Murad
Box 4348
Chicago, IL. 60680

1 University of Missouri at Columbia
Department of Chemistry
ATTN: Professor R. Thompson
Columbia, MO 65211

43

No. of

Copies Organization

1

University of Michigan

ATTN: Professor Gerard M. Faeth
Department of Aerospace Enginesring
Ann Arbor, M1 48109-3796

University of Missouri at Kansas City
Department of Physics

ATTN: Professor R. D. Murphy
1110 East 48th Street

Kansas City, MO 64110-2499

Pennsylvania State University
Department of Mechanical Engineering
ATTN: Professor K. Kuo

University Park, PA 16802

University of Arkansas

Department of Chemical Engineering
ATTIN: J. Havens

227 Engineering Building
Fayetteville, AR 72701

University of Delaware
Department of Chemistry
ATTN: Mr. James Cronin

Professor Thomas Brill
Newark, D 19711

Institute of Advanced Technology
ATTN: Dr. Harry Fair
4030-2 W. Braker Lane
Austin, TX 78759-5329

School of Enginezring and
Computer Science
California State Univesity, Sacramento
ATTN: Dr. Frederick Reardon
6000 J St.
Sacramento, CA 95819-2694

University of Colorado at Boulder
Department of Mechanical Engineering
ATTN: Dr. John Daily

Engineering Center ME 1-13

Campus Box 427

Boulder, CO 80309-0427




No. of

Copies Organization

1

University of Maryland at College Park
ATTN: Professor Franz Kasler
Department of Chemistry

Coilege Park, MD» 20742

Director

Sandia National Laboratories
Division 8152

ATTN: Dr. Ray Rychnovsky
P.O. Box 969

Livermore, CA 94351-0969

Director

Sandia National Laboratories
Division 8244

ATTN: Dr. Swart Griffiths
P.O. Box 9569

Livermore, CA 94551-0969

Princeton Combustion Research
Laboraiorics, Inc.
ATTIN: Neale A. Messina
Or. Martin Summerfield
Prirceton Corporate Plaza
11 Deerpark Dr., Bldg. IV, Suite 119
Monmouth Junction, NJ 08852

Conway Enterprises

ATTN: Professor Alistair Macpherson
499 Pine Top Trial

Bethlehem, PA 18017-1828

Paul Gough Associaies, Inc.
ATTN: Dr. Paul S. Gough
1048 South Street
Portsmouth, NH (3801-5423

1ITRI

ATIN: Library
10 W. 35th St
Chicago, IL 60616

Science Applications International
Corporation

ATTN: Norman Banks

Suite 255

4900 Waters Edge Drive

Raleigh, NC 27606

No. of

Copies Organization

i

{’alspan Corporation
ATTN: Technical Library
P.O. Box 400

Buffalo, NY 14225

General Electric Ord Sys Div
ATTN: J. Mandzy, OP43-220
R. E. Mayer
W. Pasko
B. Haberl
1. Magoon

L. A. Walter
100 Plastics Avenue
Piusfield, MA 01201-3698

Sundstrand Aviation Operations
ATTN: Mr. Owen Briles

P.C. Box 7202

Rockford, IL 61125

Veritay Technology, Inc.
ATTIN: E. B. Fisher

P.O. Box 305

4345 Millersport Highway

East Amherst, NY 14051-0303

Science Applications Intemational Corporation
ATTIN: Dr. Sanford Dash
Mr. Neeraj Sinha
501 Office Center Duve
Suite 420
Ft. Washington, PA 19034-3211

Georgia Institute of Technology
School of Aerospace Engineering
ATTN: Dr. Suresh Menon
Atlanta, GA 30332-0150

Institute for Defense Analysis
ATTN: Dr. Joan Cartier

)r. David Sparrow
1801 N. Beauregard St.
Alexandria, VA 22311-1772




No. of

1

Copies Organization

RARDE

GS2 Davision

ATIN: Dr. live Woodiey
Building R31

Ft. Halstead

Sevenoaks, Kent TN14 7BT
ENCGLAND

Imperial College of Scivnce and Medicine
Mechanical Engineening Department
ATTN: Professor J. . Whitelaw
Exhibition Road, London SW7 2BX
ENGLAND

45




INTENTIONALLY LEFT BLANK.

46




