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GRI DISCLAIMER 

LEGAL NOTICE: This report was prepared by Colorado State University as 

an account of work sponsored by the Gas Research Institute (GRI). 

Neither GRI, members of GRI, not any person acting on behalf of either: 

a. Makes any warranty or representation, expressed or imp 1 i ed 

with respect to the accuracy, comp 1 eteness, or useful ness of 

the information contained in this report, or that the use of 

any information, apparatus, method or process disclosed in 

this report may not infringe privately owned rights; or 

b. Assumes any liability with respect to the use of, or for 

damages resulting from the use of, any information, apparatus, 

method, or process disclosed in this report. 
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Wind-tunnel transient concentration data were 

obtai ned from mode 1 i ng tests which reproduced 

gaseous dispersion from five different field 

liquefied natural gas (LNG) spills performed at 

China Lake Nava 1 Weapons Center during the spring 

and summer of 1980. Comparisons of the transient 

concentration data obtained in the modeled tests and 

those obtained in the field tests indicate which 

parameters are dominant in the modeling process. 

The mode 1 test that reproduced the wind shear and 

turbulence structure of the approach wind reproduced 

the concentration patterns measured at the field 

site. This result reinforced the predictive 

reliability of wind tunnel modeling of larger volume 

spills. 

A larger number of field experiments should be 

performed over sites that exhibit a greater 

effective surface roughness and lower wind speeds. 
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Description of 
Work Completed 

From this data base and data co 11 ected from the 

wind-tunnel modeling of each spill, a more quantita-

tive estimate of the accuracy of physical modeling 

can be determined. Since the results from the wind 

tunnel models of the present field test series are 

quite acceptable, the results from wind tunnel 

experiments covering a larger range of release 

conditions should be used to validate numerical 

models. 

A terraced 1:240 scale model of the China Lake Naval 

Weapons Center and a set of eight aspirated hot-wire 

katharometer probes to measure transient concentra-

tions of modeled LNG spill situations were con-

structed. Numerical programs were written to sample 

and hold instantaneous data from hot-wire anemometer 

probes for real time analysis on a Hewlett-Packard 

System 1000. Measurements of mean velocities, 

turbulent intensities, spectra, and correlations 

over the naval weapons site model have been 

documented. Laboratory measurements of concentra-

tion for ten pre-field tests were completed and 

presented in the Interim 1979-1980 annua 1 report. 

Laboratory measurements on the physical simulations 

of the forty cubic meter LNG spill series were 

completed. Five different field tests, Burros 4, 5, 

7, 8, and 9, were simulated. Burro 8 was modeled by 

three different methodologies, two being at a model 
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GRI Comment 

1 ength sea 1 e factor of 1: 240 but different source 

gas specific gravities and one at a scale factor of 

1:85. Burro 9 was also modeled by two different 

methods, one at a model scale factor of 1:240, the 

other at a scale factor of 1:85. Burros 4, 5, and 7 

were each modeled by one test only at a scale factor 

of 1:240. The data from these runs were reduced 

into tables of pertinent values. From these tables, 

p 1 ots of ground-1 eve 1 peak concentration contours, 

time progression curves of the 1 ower fl ammabi 1 i ty 

limit (LFL), and the flammable zone as a function of 

centerline distance and time were prepared. 

Simulated concentration time histories of the 

different modeled tests were plotted for downwind 

spacial positions similar to those obtained during 

the actual field tests. 

Previous studies had indicated that the wind tunnel 

would be a useful tool for predicting the extent of 

downwind hazards associated with the release of 

heavy gases. Utilizing inert gaseous mixtures, 

Colorado State University had used wind tunnel 

experimental results to predict mean and transient 

vapor concentration contours and the overall plume 

geometry and behavior under various weather condi­

tions and hence help the U.S. Department of Energy 

plan its large-scale field experiments to validate 

dispersion theories. The post-field-test wind 

v 



tunnel experiments reported here were conducted and 

analyzed to va 1 i date the predictive re 1 i abi 1 i ty of 

wind tunnel modeling of larger volume spills. csu•s 

results have verified that the wind-shear and 

turbulence-structure parameters are dominant in the 

modeling process and have reinforced the predictive 

reliability of wind tunnel modeling. GRI intends to 

use wind tunne 1 mode 1 i ng to verify concepts (e. g. , 

water curtains, vortex shedders and vapor fences) 

for increasing the dispersion of vapor clouds 

resulting from accidential LNG spills. Wind tunnel 

experiments will also be used to validate numerical 

models for vapor dispersion. Future field experi­

ments at low wind speeds and with rough terrain are 

not planned at this time. If data from such experi­

ments become available, GRI will be most interested 

in conducting associated wind-tunnel modeling of the 

spill tests to provide a more quantitative estimate 

of the accuracy of physical modeling. 
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1.0 INTRODUCTION 

Natural gas is a highly desirable form of energy for consumption 

in the United States. Its conversion to heat energy for home and 

industrial use is achieved with very little environmental impact, and a 

sophisticated distribution network already services a major part of the 

country. Recent efforts to expand this nation's natural gas supply 

include the transport of natural gas in a liquid state from distant gas 

fields. Although the likelihood is extremely small, an accident during 

storage and transport of liquid natural gas may result in a relatively 

large environmental risk [1,2]. To transport and store liquefied 

natural gas (LNG) it is cooled to a temperature of -162°C. At this 

temperature if a storage tank on a ship or land were to rupture and the 

contents spi 11 out onto the earth 1 s surface, rapid boi 1 i ng of the LNG 

would ensue and the liberation of a potentially flammable vapor could 

would result. Past studies [3,4) have demonstrated that the cold LNG 

vapor plume will remain negatively buoyant for a long time and thus 

represents a ground-1 eve 1 hazard. This hazard wi 11 extend downwind 

until the atmosphere has diluted the LNG vapor below the lower 

flammability limit (a local concentration for methane below 5 percent by 

volume). 

It is important that accurate predictive models for LNG vapor cloud 

physics be developed, so that the associated hazards of transportation 

and storage may be evaluated. Various industrial and governmental 

agencies have sponsored a combination of analytical, empirical, and 

physical modeling studies to analyze problems associated with the trans­

portation and storage of LNG. Since these models require simplifying 

assumptions to permit the development of tractable solution procedures 
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one should perform atmospheric scale tests to validate the accuracy of 

the models. 

A multitask research program has been designed by a complementary 

Gas Research Institute (GRI)/Department of Energy (DOE) effort to address 

the problem of preditive methods in LNG hazard analysis. One aspect of 

this program, the physical simulation of LNG vapor dispersion in a 

meteorological wind tunnel is the subject of this report. The complete 

sub-program research contract, GRI contract number 5014-352-0203 

consists of four tasks. 

Task 1: 

Task 2: 

Task 3: 

Task 4: 

Laboratory Support Tests for the Forty Cubic Meter LNG 

Spill Series at China Lake, Californiap 

Physical Simulation in Laboratory Wind Tunnels of the 

1980 LNG Spill Tests performed at China Lake, California. 

Laboratory Simulation· of Idealized Spills on Land and 

Water. 

Laboratory Tests Defining LNG Plume Interaction with 

Surface Obstacles. 

Task one was presented in the July 1980 annual report. Tasks three and 

four wi 11 be presented in separate reports. Task two, the phys i ca 1 

simulation in laboratory wind tunnels of the 1980 LNG spill tests 

performed at China Lake, California, is the sole subject of this report. 

Five different field tests, Burros 4, 5, 7, 8, and 9, were 

simulated in a laboratory wind tunnel 1 . Burro 8 was simulated by three 

different mode 1 s. One at a 1 ength sea 1 e of 1: 240 and a source gas 

specific gravity of 1.38, one at a length scale of 1:240 and a source 

gas specific gravity of 4.18, and one at a length scale of 1:85 and a 

1The "burroi• test series designate the 40-cubic meter LNG spi 11 tests 
performed at the Naval Weapons Test Center in 1980. 
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source gas specific gravity of 1.38. Burro 9 was simulated by two 

different models both with source gas specific gravities of 1.38. One 

was at a mode 1 1 ength sea 1 e of 1:85 the other was at a mode 1 1 ength 

scale of 1:240. Burro 4, 5, and 7 were each simulated by one model 

each whose 1 ength sea 1 es were 1: 240 and whose source gas specific 

gravities were 1.38. 

The velocity and concentration data for each model test were 

summarized into contour p 1 ots and graphic presentations. Comparisons 

with the available field data were made. 

The methods emp 1 oyed in the physical mode 1 i ng of atmospheric and 

plume motion are discussed in Chapter 2. The details of model 

construction and experimental measurements are described in Chapter 3. 

Chapter 4 discusses the test program and results obtai ned. Chapter 5 

summarizes the comparison between modeled data and field data. Chapter 

6 summarizes the conclusions from this study. 
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2.0 MODELING OF PLUME DISPERSION 

To obtain a predictive model for a specific plume dispersion 

problem one must quantify the pertinent physical variables and param­

eters into a 1 ogi ca 1 expression that determines their i nterre 1 at ion­

ships. This task is achieved implicitly for processes occurring in the 

atmospheric boundary layer by the formulation of the equations of 

conservation of mass, momentum, and energy. These equations with site 

and source conditions and associated constituitive relations are highly 

descriptive of the actual physical interrelationship of the various 

independent (space and time) and dependent (velocity, temperature, 

pressure, density, etc.) variables. 

These generalized conservation statements subjected to the typical 

boundary conditions of atmospheric flow are too complex to be solved by 

present analytical or numerical techniques. It is also unlikely that 

one could create a physical model for which exact similarity exists for 

a 11 the dependent vari ab 1 es over a 11 the sea 1 es of motion present in 

the atmosphere at a reduced geometric scale. Thus, one must resort to 

various degrees of approximation to obtain a predictive model. At 

present purely analytical or numerical solutions of plume dispersion are 

unavailable because of the classical problem of turbulent closure [5]. 

Such techniques rely heavily upon empirical input from observed or 

physically modeled data. The combined empirical-analytical-numerical 

solutions have been combined into several different predictive 

approaches by Pasquill [6] and others. The estimates of dispersion by 

these approaches are often crude; hence, they should only be used when 

the approach and site terrain are uniform and without obstacles. 

Boundary 1 ayer wind tunne 1 s are capab 1 e of physically mode 1 i ng p 1 ume 
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processes in the atmosphere under certain restrictions. These 

restrictions are discussed in the next few sections. 

2.1 PHYSICAl MODELING OF THE ATMOSPHERIC BOUNDARY lAYER 

The atmospheric boundary 1 ayer is that portion of the atmosphere 

extending from ground level to a height of approximately 100 meters 

within which the major exchanges of mass, momentum, and heat occur. 

This region of the atmosphere is described mathematically by statements 

of conservation of mass, momentum, and energy [7]. The general require-

ments for laboratory-atmospheric-flow similarity may be obtained by 

fractional analysis of these governing equations [8]. This methodology 

is accomp 1 i shed by sea 1 i ng the pertinent dependent and independent 

variables and then casting the equations into dimensionless form by 

dividing through by one of the coefficients (the inertial terms in this 

case). Performing these operations on such dimensional equations yields 

dimensionless parameters commonly known as: 

Reynolds number 

Bulk Richardson 
number 

Rossby number 

Prandtl number 

Eckert number 

Re = U l /V 
0 0 0 

_ Inertial Force 
- Viscous Force 

Ri = [(aT)o/To] (Lo/U2
0

) go .- Gravitational Force 
- Inertial Force 

Pr = v
0
f(k

0
/p

0
CP ) 

0 

Ec = u21cp (aT) 
0 0 0 

_ Inertial Force 
- Coriolis Force 

_ Viscous Diffusivity 
- Thermal Diffusivity 

For exact similarity between different flows which are described by 

the same set of equations, each of these dimensionless parameters must 

be equal for both flow systems. In addition to this requirement, there 

must be similarity between the surface-boundary conditions. 
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Surface-boundary condition similarity requires equivalence of the 

following features: 

a. Surface-roughness distributions, 

b. topographic relief, and 

c. surface-temperature distribution. 

If all the foregoing requirements are met simultaneously, all 

atmospheric scales of motion ranging from micro to mesoscale could be 

simulated within the same flow field for a given set of boundary condi­

tions [9]. However, all of the requirements cannot be satisfied 

simultaneously by existing laboratory facilities; thus, a partial or 

approximate simulation must be used. This limitation requires that 

atmospheric simulation for a particular wind-engineering application 

must be designed to simulate most accurately those scales of motion 

which are of greatest significance for the given application. 

2.1.1 Partial Simulation of the Atmospheric Boundary Layer 

A partial simulation is practically realizable only because the 

kinematics and dynamics of flow systems above a certain minimum Reynolds 

number are independent of the magnitude of this number [10,11]. The 

magnitude of the minimum Reynolds number will depend upon the geometry 

of the flow system being studied. Ha 1 i tsky [12] reported that for 

concentration measurements on a cube placed in a near uniform flow field 

the Reynolds number required for invariance of the concentration distri­

bution over the cube surface and downwind must exceed 11,000. Because 

of this invariance exact similarity of Reynolds parameter is neglected 

when physically modeling the atmosphere. 

When the flow sea 1 e being mode 1 ed is sma 11 enough such that the 

turning of the mean wind directions with height is unimportant, 



7 

similarity of the Rossby number may be relaxed. For the case of 

dispersion of LNG or neutral plume near the ground level the Coriolis 

effect on the plume motion would be extremely small. 
2 To 

The Eckert number for air is equivalent to 0.4 Ma (~T ) where Ma 
0 

is the Mach number [5]. For the wind velocities and temperature differ-

ences which occur in either the atmosphere or the 1 aboratory flow the 

Eckert number is very sma 11 ; thus, the effects of energy di ss i pat ion 

with respect to the convection of energy is negligible for both model 

and prototype. Eckert number equality is relaxed. 

Prandtl number equality is easily obtained since it is dependent on 

the molecular properties of the working fluid which is air for both 

model and prototype. 

Bulk Richardson number equality may be obtained in special 

laboratory facilities such as the Meteorological Wind Tunnel at Colorado 

State University [13]. 

Quite often during the modeling of a specific flow phenomenon it is 

sufficient to model only a portion of a boundary layer or a portion of 

the spectral energy distribution. This relaxation allows more flexibil­

ity in the choice of the 1 ength sea 1 e that is to be used in a mode 1 

study. When this technique is employed it is common to scale the flow 

by any combination of the following length scales, o, the portion of the 

boundary layer to be simulated; z
0

, the aerodynamic roughness; A;, the 

integral length scale of the velocity fluctuations, or A.p, the 

wavelength at which the peak spectral energy is observed. 

Unfortunately many of the sea 1 i ng parameters and characteristic 

profiles are difficult to obtain in the atmosphere. They are 

infrequently known for many of the sites at which a model study is to 
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be performed. To help alleviate this problem Counihan [14] has 

summarized measured values of some of these different parametric 

descriptions for the atmospheric flow at many different sites and flow 

conditions. 

2.2 PHYSICAL MODELING OF LNG PLUME MOTION 

In addition to modeling the turbulent structure of the atmosphere 

in the vicinity of a test site it is necessary to scale the LNG plume 

source conditions properly. One approach would be to follow the 

methodology used in Section 2.1, i.e., writing the conservation state-

ments for the combined flow system followed by fractional analysis to 

find the governing parameters. An alternative approach, the one which 

will be used here, is that of similitude [8]. The method of similitude 

obtains sea 1 i ng parameters by reasoning that the mass ratios, force 

ratios, energy ratios, and property ratios should be equa 1 for both 

mode 1 and prototype. When one considers the dynamics of gaseous LNG 

p 1 ume behavior the fo 11 owing nondi mens ion a 1 parameters of importance 

are identified [12,15,16,17]. 1 ' 2 

Mass Ratio = mass flow of LNG plume 
effective mass flow of air 

_ psWsAs _ psQ 

- paUaAa- paUaL2 

1It has been assumed that the dominant transfer mechanism is that of 
turbulent entrainment. Thus the transfer processes of heat conduction, 
convection, and radiation are negligible. 

2The scaling of plume Reynolds number is also a significant parameter. 
Its effects are invariant over a large range thus making it possible to 
scale the distribution of mean and turbulent velocities and relax exact 
parameter equality. 
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= inertia of LNG plume 
effective inertia of air 

effective inertia of air = ~~~~~~~~~~~ 
buoyancy of LNG plume 

= Volume flow of LNG plume 
effective volume flow of air 

To obtain simultaneous simulation of these four parameters at a reduced 

geometric scale it is necessary to maintain equality of the plume 

specific gravity ratio ps/Pa· 

2.2.1 Partial Simulation of LNG Plume Motion 

The restriction to an exact variation of the density ratio for 

the entire 1 i fe of a p 1 ume is di ffi cult to meet for LNG p 1 umes which 

simultaneously vary in molecular weight and temperature. To emphasize 

this point more clearly, consider the mixing of two volumes of gas, 

one being the source gas, Vs, the other being ambient air, Va. Consid­

eration of the conservation of mass and energy for this system yi e 1 ds 

[16]1 : 

1The pertinent assumption in this derivation is that the gases are ideal 
and properties are constant. 
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If the temperature of the air, Ta, equals the temperature of the source 

gases, Ts, or if the product, CPM, is equal for both source gas and air 

then the equation reduces to: 

(2-8) 

Thus for two prototype cases: 1) an isothermal plume and 2) a thermal 

plume which is mostly composed of air, it does not matter how one models 

the density ratio as long as the initial density ratio value is equal 

for both model and prototype. 

For a plume where temperature, molecular weight, and specific heat 

are all different from that of the ambient air, e.g., a cold natural gas 

plume, equality in the variation of the density ratio upon mixing must 

be relaxed slightly if one is to model utilizing a gas different from 

that of the prototype. 1 In most situations this deviation from exact 

similarity is small (see discussion Section 2.3.2). 

Scaling of the effects of heat transfer by conduction, convection, 

or radiation cannot be reproduced when the model source gas and environ-

ment are isothermal. Fortunately in a large majority of industrial 

p 1 umes the effects of heat trans fer by conduction, convection, and 

radiation from the environment are small enough that the plume buoyancy 

essentially remains unchanged. In the specific case of a cryogenic 

liquid spill the influence of heat transfer on cold dense gas dispersion 

can be divided into two phases. First, the temperature (and hence 

specific gravity) of the plume at exit from a containment tank and 

1If one were to use a gas whose temperature is different from that of 
the ambient air then consideration of similarity in the scaling of the 
ene'rgy ratios must be considered. 
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surrounding dike area is dependent on the thermal diffusivity of the 

tank-dike- spi 11 surface materia 1 s, the vo 1 ume of the tank-dike 

structure, the actua 1 boi 1 off rate, and detai 1 s of the spi 11 surface 

geometry. A second p 1 ume phase i nvo 1 ves the heat transfer from the 

ground surface beyond the spill area which lowers plume density. 

It is tempting to try to stmulate the entire transient spill 

phenomenon in the laboratory including spill of cryogenic fluid into the 

dike, heat transfer from the tank and dike materials to the cryogenic 

fluid, phase change of the liquid and subsequent dispersal of cold gas 

downwind. Unfortunately, the different scaling laws for the conduction 

and convection suggest that markedly different time scales occur for 

these various processes as the length scale changes. Since the volume 

of dike materia 1 storing sens i b 1 e heat sea 1 es with the cube of the 

length scale whereas the pertinent surface area scales as the square of 

the length scale one perceives that heat is transferred to a model cold 

plume much too rapidly within the model containment structures. This 

effect is apparently unavoidable since a material having a thermal 

di ffus i vi ty 1 ow enough to compensate for this effect does not appear 

to exist. Calculations for the full-scale situation suggest minimal 

heating of a cold gas plume by the tank-dike structure thus it may 

suffice to cool the model tank-dike walls to reduce the heat transfer to 

a cold model vapor and study the resultant cold plume. 

Boyle and Kneebone [18] released under equivalent conditions room 

temperature propane and LNG onto a water surface. The density of 

propane at ambient temperatures and methane at -161°C relative to air 

are the same. Using the modified Froude number as a model law they 
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concluded that the dispersion characteristics were equivalent within 

experimental error. 

A mixture of 50% helium and 50% nitrogen pre-cooled to 115°K was 

released from model tank-dike systems by Meroney et al. [19], to 

simulate equivalent LNG spill behavior. There was no guarantee that 

these experiments reproduced quantitatively similar situations in the 

field. Rather it was expected that the gross influences of different 

heat transfer conditions could be determined. Since the turbulence 

characteristics of the flow are dominated by roughness, upstream wind 

profile shape, and stratification one expects the Stanton number in the 

field will equal that in the model, and heat transfer rates in the two 

cases should be in proper relation to plume entrainment rates. On the 

other hand, if temperature differences are such that free convection 

heat transfer conditions dominate, scaling inequalities may exist; 

nonetheless, model dispersion rates would be conservative. 

Visualization experiments performed with equivalent dense 

i sotherma 1 and dense co 1 d p 1 umes revea 1 ed no apparent change in p 1 ume 

geometry. Concentration data followed similar trends in both situa­

tions. No significant differentiation appeared between insulated versus 

heat conducting ground surfaces or neutra 1 versus stratified approach 

flows. 

The influence of latent heat release by moisture upon the buoyancy 

of a plume is a function of the quantity of water vapor present in the 

p 1 ume and the humidity of the ambient atmosphere. Such phase change 

effects on p 1 ume buoyancy can be very pronounced in some prototype 

situations. Figure 1 displays the variation of specific gravity from a 

spill of liquefied natural gas in atmospheres of different humidities. 



1.6 ,----,---,------r--.-----r---,----,r----r----r----

~ 
0 

~ 
(J) 
N 1.4 
@ .. 
c( 1.3 ...: 
.: .. 
>­

;!:: 

~ 1.2 .. 
(!) 

u ·-.... 
~ 1.1 
a. 

(/) 

Dry Air 

75°/o Humidity 

100 °/o Humidity 

I.Ot-=~===::::::;:~~:::..~~--------------_J 

0.90 0.1 0.2 0.3 0.4 1.0 
Mole Fraction of Methane in Mixture 

Figure 1. Specific Gravity of LNG Vapor- Humid Atmosphere Mixtures 

__, 
w 



14 

For a LNG vapor plume humidity effects are thus shown to reduce the 

extent in space and time of plume buoyancy dominance on plume motion. 

Hence a dry adiabatic model condition should be conservative. 

A reasonably complete simulation may be obtained in some situations 

even when a modified density ratio ps/pa is stipulated. The advantage 

of such a procedure is demonstrated most clearly by the statement of 

equality of Froude Numbers. 

t~ ~ l)L)m = (ts U: 
Pa Pa 

Solving this equation to find the relationship between model velocity 

and prototype velocity yields: 

(Ua>m = G:~:: ~ ~)\i.~s.t (Ua>p 

where S.G. is the specific gravity, (ps/pa), and L.S. is the length 

sea 1 e, ( Lp/Lm). By increasing the specific gravity of the mode 1 gas 

compared to that of the prototype gas, for a given 1 ength sea 1 e, one 

increases the reference velocity used in the model. It is difficult to 

generate a flow which is similar to that of the atmospheric boundary 

layer in a wind tunnel run at very low wind speeds. Thus the effect of 

modifying the model specific gravity extends the range of flow situa­

tions which can be modeled accurately. But unfortunately during such 

adjustment of the specific gravity of the model gases at least two of 

the four similarity parameters listed must be neglected. The options as 

to which two of these parameters to retain, if any, depends upon the 

physical situation being modeled. Two of the three possible options are 

listed below. 
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(1) Froude No. Equality 
Momentum Ratio Equality 
Mass Ratio Inequality 
Velocity Ratio Inequality1 

(2) Froude No. Equality 
Momentum Ratio Inequality 
Mass Ratio Inequality 
Velocity Ratio Equality 

Both of these schemes have been used to model plume dispersion downwind 

of an electric power plant complex by Isyumov [16] and Meroney [20) 

respectively. 

The modeling of the plume Reynolds number is relaxed in all 

physical model studies. This parameter is thought to be of small 

importance s i nee the p 1 ume character wi 11 be dominated by background 

atmospheric turbulence soon after its emission. But, if one was 

interested in plume behavior near the source, then steps should be taken 

to assure that the plume in the model is fully turbulent. 

2.3 MODELING OF PLUME DISPERSION FOR PRESENT STUDY 

In the sections above a review of the extent to which wind tunnels 

can mode 1 p 1 ume dispersion in the atmospheric boundary 1 ayer has been 

presented. In this section these arguments will be applied to the 

speci fie case of an LNG spi 11 at the China lake Nava 1 Weapons Center. 

2.3.1 Physical Modeling of the China lake Atmospheric Surface 
layer 

In order to obtain a proper wind-tunnel scaling of the China lake 

surface layer winds the approach flow characteristics must be similar. 

To achieve these upstream flow conditions, the wind tunnel must be 

modified through the introduction of surface roughness elements and 

1When this technique is employed distortion in velocity scales or 
similarly volume flow rates requires that a correction be applied to 
the measured concentration field. 
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boundary layer trip devices in such a way that similarity is obtained in 

both the mean velocity variation with height and the characteristic 

length scales of turbulence. A convenient parameter which characterizes 

the mean velocity variation with height is z
0

, the aerodynamic roughness 

height [10], as defined by log-linear description of velocity variation 

in a boundary 1 ayer. A convenient parameter which characterizes the 

scales of turbulent velocity fluctuations is A1, the integral scale of 

turbulence [5]. 

The conditions in the wind tunnel were adjusted until both of these 

length scales were in the same proportion to their atmospheric 

equivalents (obtained from Counihan [14]) as the geometric length scale 

chosen for the model terrain construction. This optimal geometric 

length scale was chosen to be 1:240. Unfortunately the expected values 

of these scaling parameters as cited by Counihan [14] for sites similar 

to the China Lake topography were very much different than the va 1 ues 

obtained from field instrumentation during the Burro Test Series. To 

compensate for these large errors due to improper length scaling, 

modeling tests were also performed at a length scale of 1:85. At this 

length scale the mean velocity variation with height scaled much more 

accurately. 

2.3.2 Physical Modeling of the China Lake LNG Spill Plume 

The buoyancy of a plume resulting from an LNG spi 11 is a function 

of both the mo 1 e fraction of methane and temperature. If the p 1 ume 

entrains air adiabatically, then the plume would remain negatively 

buoyant for its entire lifetime. If the humidity of the atmosphere were 

high then the state of buoyancy of the plume will vary from negative 

to weakly positive. These conclusions are born out in Figure 1, which 
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i 11 ustrates the specific gravity of a mixture of methane at boi 1 off 

temperature with ambient air and water vapor. 

Since the adiabatic plume assumption will yield the most 

conservative downwind dispersion estimates this situation was simulated. 

(Conservative is defined here to be highest peak concentrations furthest 

downwind.) Several investigators have confirmed that the Froude number 

is the parameter which governs plume spread rate, trajectory, plume size 

and entrainment during initial dense plume dilution [15,18,22,23]. The 

modeling of momentum is not of critical importance for a ground source 

released over a fairly large area. The equality of model and prototype 

specific gravity was relaxed so that either pure Argon gas (specific 

gravity at 1.38) or pure Freon-12®1 (specific gravity of 4.18) could be 

used for the mode 1 source gas. The F roude number was maintained at 

equal values by adjusting reference wind speed. 

Argon provides almost eight times the detection sensitivity for 

instantaneous concentration measurements as the carbon dioxide used in 

previous studies [19]. The variation of specific gravity with equiva-

1 ent observed mo 1 e fraction of methane for these different gases is 

plotted in Figure 2. The use of an isothermal dense model gas such as 

A-rgon or Freon-12® in place of cold methane vapor also results in a 

slight distortion of the local dynamic forces acting on equivalent plume 

volumes as the gas mixes. Unfortunately this distortion is not conser­

vative. The thermal capacitance properties of methane result in plumes 

which are more dense than the model equivalent. This results in less 

rapid prototype mixing. Analytical approximations based on the integral 

entrainment box model of Fay [23] suggest that buoyancy forces are more 

1 Registered trademark of DuPont Co. 
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at equivalent time and space positions during adiabatic mixing of 
2 

methane. Let Fr = U(h) be a local Froude number, where h is l~cal 
g~h 

Pa 
plume depth, U(h) is wind speed at plume depth, h, and ~/pa is a local 

density difference ratio. Then given a power law wind profile U(h) - hp 

one finds 

Frisothermal gas _ (1+xS)(a+(1-a)e) (1+xS+x(1+S)e ]2p [RLNG]2-4p 
Fr - (p(1+xS)+(1+S)(1-p)e) [ (1-xe)(1+xS) R

1
·so LNG vapor 

where x = mole fraction methane vapor 

R = local plume spread 

p = 1 - Ma/Ms ~ -0.81 

e = 1 - Ts/Ta ~ 0.6 

s = (Cp~/cp: - 1) ~ 0.22 

p =velocity power law exponent;: 0.5. 

The variation of this Froude number ratio with equivalent mole fraction 

methane is plotted in Figure 3. Over most of the concentration range 

where buoyancy forces are dominant the variation of Froude number is 

reasonably simulated by the isothermal model gas. Indeed, integral­

model calculations predict equal or slightly higher concentration values 

at equivalent times. 

The actual source condition, boiloff rate per unit area over the 

time duration of the spill, for a spill of LNG on land is highly 

unpredictable. There were no data on the variable area and variable 

vo 1 ume nature of the different LNG tests conducted at China Lake thus 

the source conditions were approximated by assuming a steady boiloff 

rate for the duration of the spill over a constant area. 
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Since the thermally variable prototype gas was simulated by an 

isothermal simulation gas, the concentration measurements observed in 

the model must be adjusted to equivalent concentrations that would be 

measured in the field. This relationship which is derived in Appendix A 

is: 

where 

X = -------=--
p Ts 

Xm + (1 - X ) -­
m Ta 

xm = volume or mole fraction measured during the model tests, 

T = source temperature of LNG during field conditions, s 
T = ambient air temperature during field conditions, and a 

x = volume or mole fraction in the field. p 
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3.0 DATA AQUISITION AND ANALYSIS 

The methods used to make laboratory measurements and the techniques 

used to convert these measured quantities to meaningful field equivalent 

quantities are discussed in this section. Attention has been drawn to 

the limitations in the techniques in an attempt to prevent misinterpre­

tation or misunderstanding of the results presented in the next section. 

Some of the methods used are conventional and need little elaboration. 

3.1 WIND-TUNNEL FACILITIES 

The Environmental Wind Tunnel (EWT) shown in Figure 4 was used for 

all tests performed. This wind tunnel, specially designed to study 

atmospheric flow phenomena, incorporates special features such as 

adjustable ceiling, rotating turntables, transparent boundary walls, 

and a 1 ong test section to permit reproduction of mi crometeoro 1 ogi ca 1 

behavior at smaller length scales. Mean wind speeds of 0.10 to 12 m/s 

can be obtained in the EWT. A boundary layer depth of 1 m thickness at 

6 m downstream of the test entrance can be obtained with the use of the 

vortex generators at the test section entrance and surface roughness on 

the floor. The flexible test section roof on the EWT is adjustable in 

height to permit the longitudinal pressure gradient to be set to zero. 

The vortex generators at the tunnel entrance were followed by 10 m of 

smooth floor, and a 3 m approach ramp to either the 1:240 or the 1:85 

scaled topography of the China Lake site. 

3.2 MODEL 

Based on atmospheric data over sites similar to that of the China 

lake site it was decided that the best reproduction of the surface wind 

characteristics would be at a model scale of 1:240. The topography 

of the China Lake terrain for this model scale was simulated by the 
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construction of a layered model, each layer (1.3 mm tack board) was 

representative of a one-foot elevation change at the site. A hole was 

cut in the center of the spill pool to accommodate the appropriate size 

area source, and bui 1 dings and roads were p 1 aced on the mode 1 for 

reference points. Figure 5 is a photograph of this topographic model. 

Later after the acquisition of actua 1 surface wind data at the China 

site during the Burro Test Series it was observed that a model scale of 

1:85 provided a more accurate representation of the China Lake surface 

winds. Fortunately an old model of China Lake topography at a scale 

of 1:85 from a previous study [24] was still on hand. This model was 

constructed of 0. 64 em thick styrofoam sheets thus each layer was 

representative of 0. 54 m elevation change. The model was modified to 

include most recent terrain and structure changes. For both model 

sea 1 es the source gas stored in a press uri zed cylinder was directed 

through a solenoid valve, a flowmeter, and into the circular area 

source mounted in the model pond area. 

3.3 FLOW VISUALIZATION TECHNIQUES 

Smoke was used to define plume behavior over the China Lake site. 

The smoke was produced by passing the simulation gas through a container 

of t i tani urn tetrach 1 ori de 1 ocated outside the wind tunne 1. The p 1 ume 

was illuminated with arc-lamp beams. A visible record was obtained by 

means of pictures taken with a Speed Graphic camera utilizing Polaroid 

film for immediate examination. Additional color slides were obtained 

with a 35 mm camera. 

3.4 WIND PROFILE AND TURBULENCE MEASUREMENTS 

Velocity profile measurements, reference wind speed conditions, and 

turbulence measurements were obtained with a Thermo-Systems Inc. (TSI) 
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Figure 5. China Lake Naval Weapons Center Spill Site Model 
Scale 1:240 



25 

1050 anemometer and a TSI model 1210 hot-film probe. Since the voltage 

response of these anemometers is nonlinear with respect to velocity, a 

multi-point calibration of system response versus velocity was utilized 

for data reduction. 

The velocity standard utilized in the present study was that 

depicted in Figure 6. This consisted of a Matheson model 8116-0154 

mass flowmeter, a Yellowsprings thermistor, and a profile conditioning 

section constructed by the Colorado State University shop. The mass 

flowmeter measures mass flow rate independent of temperature and 

pressure, the thermi star measures the temperature at the exit condi­

tions, and the profile conditioning section forms a flat velocity 

profile of very low turbulence at the position where the probe is to be 

located. Incorporating a measurement of the ambient atmospheric 

pressure and a profile correction factor permits the calibration of 

velocity at the measurement station from 0.1-2.0 m/s ±5.0 cm/s or ±10 

percent whichever is smaller. 

During calibration of the single film anemometer, the anemometer 

voltage response values over the velocity range of interest were fit to 

an expression similar to that of King's law [25] but with a variable 

exponent. The accuracy of this technique is approximately ±2 percent 

of the actual longitudinal velocity. 

The velocity sensors were mounted on a vertical traverse and 

positioned over the measurement location on the model. The anemometer 

responses were fed to a Preston analog-to-digital converter and then 

directly to a HP-1000 minicomputer for immediate interpretation. The 

HP-1000 computer also controls probe position. A flow chart depicting 

the control sequence for this process is presented in Figure 7. 
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3.5 CONCENTRATION MEASUREMENTS 

To obtain the concentration time histories at points downwind of 

the spill site a rack of eight hot-wire aspirating probes was designed 

and constructed. A layout of this design is presented in Figure 8. The 

films on these probes were replaced with 0.005 in. platinum wire to 

improve signal-to-noise characteristics. These eight instantaneous 

concentration sensors were connected to an ei ght-channe 1 TSI hot-wire 

anemometer system. The output voltages from the TSI unit are conditioned 

for input to the analog-to-digital converter by a DC-supression circuit, 

a passive low-pass filter circuit tuned to 100 Hz, and an operational 

amplifier of times five gain. A schedule of this process is shown in 

Figure 9. 

3.5.1 Hot-Wire Aspirating Probe 

The basic principles governing the behavior of aspirating hot-wire 

probes have been discussed by Blackshear and Fingerson [26], Brown and 

Rebo 11 o [27], and Kuretsky [28]. A vacuum source sufficient to choke 

the flow through the small orifice just downwind of the sensing element 

was applied. This wire was operated in a constant temperature mode at 

a temperature above that of the ambient air temperature. A feedback 

amplifier maintained a constant overheat resistance through adjustment 

of the heating current. A change in output vo 1 tage from this sensor 

circuit corresponds to a change in heat trans fer between the hot wire 

and the sampling environment. 

The heat transfer rate from a hot wire to a gas flowing over it 

depends primarily upon the wire diameter, the temperature difference 

between the wire and the gas, the thermal conductivity and viscosity of 

the gas, and the gas velocity. For a wire in an aspirated probe with a 
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sonic throat, the gas velocity can be expressed as a function of the 

ratio of the probe cross-sectional area at the wire position to the area 

at the throat, the specific heat ratio, and the speed of sound in the 

gas. The latter two parameters, as well as the thermal conductivity and 

viscosity of the gas mentioned earlier, are determined by the gas 

composition and temperature. Hence, for a fixed probe geometry and wire 

temperature, the heat transfer rate, or the related voltage drop across 

the wire is a function of only the gas composition and temperature. 

Since all tests performed in this study were in an isothermal flow 

situation the wire response was only a function of gas composition. 

During probe calibration known compositions of either Argon-air or 

Freon 12-air mixtures were passed through a pre-heat exchanger to 

condition the gas to the tunnel temperature environment. These known 

compositions for the Argon-air calibration systems were drawn from 

bottles of prepared gas composition provided by Matheson Laboratories. 

For the Freon 12-air calibration system known compositions were produced 

from pure Freon 12 and pure air being passed through a Matheson gas 

proportioner. An overheat ratio (temperature of wire/ambient tempera­

ture) of 1.65 was used to maximize signal response while maintaining 

acceptable noise and signal drifting levels. 

3.5.2 Errors in Concentration Measurement 

The effective sampling area of the probe inlet is a function of the 

probe aspiration rate and the distribution of approach velocities of 

the gases to be sampled. A calculation of the effective sampling area 

during all tests suggests that the effective sampling area was approxi­

mately 0.5 cm2. Thus the resolution of the concentration measurements 

as applied to the China Lake site is 2.9 m2 or 0.36 m2 for the 1:240 

and 1:85 scaled models respectively. 
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The travel time from the sensor to the sonic choke limits the upper 

frequency response of the probe. At high frequencies the correlation 

between concentration fluctuation and velocity fluctuations (velocity 

fluctuations are a result of the changes of sonic ve 1 oci ty with con­

centration) at the sensor begin to decline. The CSU aspirated probe is 

expected to have a 1000 Hz upper frequency response, but, to improve 

signal-to-noise characteristics, the signal was filtered at 100 Hz. 

This is we 11 above the frequencies of concentration fluctuations that 

were expected to occur. 

The accumulative error, due to the combined effect of calibration 

uncertainties and non 1 i near vo 1 tage drifting during the testing time, 

is estimated to be approximately ±20 percent of component value in the 

range of 5-15 percent equivalent methane concentrations. 
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4.0 TEST PROGRAM RESULTS 

Five different field tests, Burros 4, 5, 7, 8, and 9, were 

simulated. Burro 8 was modeled by three different methodologies, two 

being at a model length scale factor of 1:240 but different source gas 

specific gravities and one at a sea 1 e factor of 1:85. Burro 9 was 

modeled by two different methods, one at a model scale factor of 1:240, 

the other at a sea 1 e factor of 1: 85. Burros 4, 5, and 7 were each 

modeled by one test only at a scale factor of 1:240. 

Table 1 summarizes the pertinent field test conditions for the five 

tests simulated. The following equations were used to convert field 

values to model values, 

L = - 1- L m L. S. p 

u = (s. G. m -1 )1/2 (Lm)l/2 u 
m S.G. -1 Lp p ' 

= (S.G.: -1 )1/2 (Lm)5/2 
Qm S.G. -1 L Qp ' 

p p 

= ( S. G. p -1j 1/2 ( Lm)1/2 
tm S.G. -1 L tp ' 

m P 

where L is length, U is wind speed, Q is plume flow rate at the 

source, t is time, L.S. is length scale factor, and S.G. is the plume 

specific gravity at the source. The subscripts m and p indicate model 

and prototype (field) conditions respectively. 

Tab 1 e 2 summarizes the pertinent mode 1 test conditions for a 11 

eight runs performed. Table 3 and Figures 10-1 to 10-8 show a 

comparison between the different field tests wind data and the simulated 

model tests wind data. It is seen from these that the wind shear 
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Table 1. Field Test Conditions 

Burro-4 Burro-5 Burro-7 Burro-8 Burro-9 

Spill Quantity 
(m3 liquid) 35.3 35.8 39.4 28.4 24.2 

Spill Rate 
(m3/min liquid) 12.1 11.6 14.7 16.0 18.4 

Time Duration of Spill 
(s) 175 185 161 107 79 

Time to Equilibrium 
Boiloff (s) 33 32 35 36 38 

Tim~ to Pool Breakup 
(s) 190 200 177 123 97 

Time to Complete 
Evaporation (s) 205 215 192 138 -112 

Equilibrium Boiloff Rate 
(m3/s gas at 111°K) 46.0 44.1 55.8 60.8 69.9 

Equilibrium Pool Radius 
(m) 12.3 12.0 13.5 14.1 15.1 

Mean Wind Speed (Upwind) 
(m/s at 1 m height) 9.3 7.3 8.6 1.9 5.3 
(m/s at 2 m height) 9.6 7.8 8.8 2.0 6.1 
(m/s at 3 m height) 10.2 8.3 9.5 2.1 6.3 
(m/s at 8 m height) 10.8 9.2 10. 2.6 6.8 

Mean Local Longitudinal 
Turbulent Intensity 
(% at 2 m height) 11 17 14 9 13 

Mean Wind Direction 
(Degrees from North 
at 2 m height) 218 218 208 235 232 

Standard Deviation of Wind 
Direction (Degrees at 
2 m height) 7.3 11.1 5.2 5.6 4.4 

Temperature 
(°C at 2 m height) 35 40 34 33 35 

Average Lapse Rate 
(°C/100 m) 6 8 3 -1.6 2 

Richardson Number at 
* 2 m height -0.085 -0.13 -0.027 0.141 -0.023 
Roughness Length, z

0 4x10-5 4x10-5 4x10-5 4x10-5 4x10-5 * (m) 
Friction Velocity, u* 

(m/s) 0.34 0.29 0.32 0.06 0.21 
Flux Froude Number at 

3 m height and 
EquilibriUQ! 
Conditions 105.2 57.7 76.9 0.8 20.1 

+ u3D *Values supplied by Lawrence Livermore 
Fr = p - p Laboratory 

( s a)gQ 
Pa 



Table 2. Model Test Conditions 

RUN NO. 1 RUN NO. 2 RUN NO. 3 RUN NO. 4 RUN NO. 5 RUN NO. 7 RUN NO. a RUN NO. 9 

Field Run Number Burro-a Burro-9 Burro-a Burro-4 Burro-S Burro-7 Burro-8 Burro-9 
Model Scale 1:240 1:85 1:85 1:240 1:240 1:240 1:240 1:240 
Plume Specific Gravity, 
Ps 
Pa 

4.18 1:38 1:3a 1:3a 1:38 1:38 1:3a 1:3a 

Plume Release Rate, Q 164 a74 760 44 42 53 58 66 
{ccs) 

Time Duration of Release, ~t 2.9 10.3 13.9 13.5 14.2 12.4 8.2 6.1 
{s) 

Source Diameter, D 11.7 35.6 33.0 10.2 10.0 11.2 11.7 12.6 
{em) 

Mean Wind Speed, U 32 @ 57 @ 18 @ 55 @ 45@ 51 @ 11@ 34 @ 
1. 25 em 3.6 em 3.6 em 1. 25 em 1. 25 em 1. 25 em 1. 25 em 1. 25 em 

Mean Wind Direction 215 232 215 218 218 20a 215 232 
{Degrees from North) w 

Stability neutral neutral neutral neutral neutral neutral neutral neutral 0'1 

Roughness length, Z
0 

0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
(em) 

Friction Velocity, U* + 2.65 3.a7 1. 22 4.56 3.73 4.23 0.91 2.a2 
Flux Froude Number, Fr 0. 7 @ 20.0@ 0.7@ 103.5@ 58.2@ 75.2@ 0.7@ 20.2@ 

1. 25 em 3.6 em 3.6 em 1. 25 em 1. 25 em 1. 25 em 1. 25 em 1. 25 em 

+Fr = u3D 
p - p 

{ s P a)gQ 
a 



Table 3. Wind Field Comparisons 

Mean Wind Speed Local Eulerian 
Turbulent Roughness+ Friction Integral 

(m/s @ 1m) (m/s @ 2m) (m/s @3m) (m/s @8m) Intensity Length, z Velocity, u* Length Scale 
(% @ 2m) (m) o (m/s) (m) 

Run No. 1 0.9 1.7 2.1 2.5 30 -2 0.21 50 9.1x10_3 Burro 8 1.9 2.0 2.1 2.6 9 5.0x10 0.14 .06 

Run No. 2 5.6 5.8 6.3 6.7 13 -4 0.28 14.5 3.9x10_4 Burro 9 5.3 6.1 6.3 6.8 13 4.0x10 0.28 .21 

Run No. 3 1.9 1.9 2.1 2.1 20 -4 0.09 19.8 3.0x10_3 Burro 8 1.9 2.0 2.1 2.6 9 5.0x10 0.14 .06 

Run No. 4 6.6 8.0 10.2 12.1 26 -2 0.92 27.5 4.7x10_6 Burro 4 9.3 9.6 10.2 10.8 11 4.5x10 0.30 • 34 
w 

-2 0'\ 

Run No. 5 4.8 6.5 8.4 10.0 27 6.7x10_4 0.80 21.9 
Burro 5 7.3 7.8 8.3 9.2 17 4.1x10 0.37 .29 

Run No. 7 5.4 7.3 9.5 11.3 11 -2 0.91 21.9 6.7x10_6 Burro 7 8.6 8.8 9.5 10 14 6.5x10 0.29 .32 

Run No. 8 0.7 1.5 2.1 2.8 36 -1 0.24 33.6 1.2x10_3 Burro 8 1.9 2.0 2.1 2.6 9 5.0x10 0.14 .06 

Run No. 9 2.7 4.7 6.0 7.2 30 -2 0.61 50 9.1x10_4 Burro 9 5.3 6.1 6.3 6.8 13 4.0x10 0.28 .21 

+ 
These values of z and u* were obtained by CSU during a reanalysis of field data by a least 
squares fit to the0 velocity data at the heights of 1, 2, 3, and 8 meters only. 
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profile with height for the 1:240 model scale (Runs 4, 5, 7, 8, 9) are 

not in very good agreement with field results. In order to improve the 

shear profile it was decided to perform additional simulations of Burros 

8 and 9 at a model scale of 1:85. From Table 3 it is seen that these 

runs (numbers 2 and 3) have a better wind shear with height comparison. 

Because of the difficulty of obtaining wind field similarity1 at 

extremely low wind-tunnel speeds (i.e., 11 cm/s for Burro 8 at a model 

scale of 1:240), it was decided to run an additional simulation of this 

test in which the specific gravity of the source plume was substantially 

increased. This change in model plume's specific gravity in Run 1 

enabled the wind-tunnel reference velocity to be increased from 11 cm/s 

up to 32 cm/s for the simulation of Burro 8. Kothari and Meroney [29] 

have utilized a similar criterion for modeling negatively buoyant 

effluent discharge from a stack. 

The data from these eight different runs were reduced into tables 

of pertinent values; see Appendix B for a complete listing. From these 

tables plots of the ground level peak concentration contours (Figures 

11-1 to 11-8), time progression curves of the lower flammability limit 

(Figures 12-1 to 12-8), and the flammable zone as a function of time and 

centerline distance (Figures 13-1 to 13-4) were made. The concentration 

time histories of selected data points were stored on digital magnetic 

tape and later plotted in the form shown in Figures 14-1 and 14-2. 

iAt low wind speeds (<20 cm/s) in a smooth floor wind tunnel the 
turbulence dampening effect of the laminar sublayer penetrates up to 
heights which are of the same order as the plume height. In addition 
there is very little known about atmospheric turbulence at winds 
characteristic to Burro 8 (2.6 m/s at 8 m height). Thus proper scaling 
of this type of test is more or 1 ess a shot in the dark un 1 ess the 
spectral characteristics of the atmospheric winds are measured at the 
site. This data was not provided in the present study. 
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From Figures 11-1 through 11-8 it is seen that the maximum distance 

to the lower flammability limit (LFL) varies from 200 to 300 meters 

downwind of the source for all simulations of the five Burro tests that 

were investigated. The comparison of this distance between the differ­

ent modeling methodologies performed on Burros 8 and 9 is generally 

acceptable, ±20 percent, and visual comparison of the peak concentration 

contours in Figures 11-4, 11-5, 11-6 and in Figures 11-7, 11-8 show 

general agreement among the results. But the prediction consistency in 

the timing of the plume motion is less ~eliable. This is borne out in 

the plots of LFL time progressions in Figures 12-4, 12-5, 12-6 for 

Burro 8 and 12-7, 12-8 for Burro 9. Figures 14-1 and 14-2 of the con­

centration time histories at a similar spacial point also demonstrate 

differences in the time dependent character of the plume. 

Several significant observations are readily seen by the comparison 

of the effect of model scale on the measured time-dependent character­

istics of the plume. Figures 12-7 and 12-8 show the LFL time pro­

gression for measured plumes at a scale of 1:85 and 1:240 respectively 

for the simulation of Burro 9. Comparison of these two figures shows 

that at the 1:85 scale the plume growth rate in the downwind direction 

is almost twice as fast as that observed at the 1:240 scale. A similar 

conclusion is obtained from inspection of the concentration time 

histories presented in Figure 14-1. Also it is readily observed in 

Figure 14-1 that for the 1:85 scale model the rise and fall of initial 

and final p 1 ume concentrations is much more rapid than in the 1: 240 

scale-model case. An explanation of these differences in plume timing 

characteristics is portrayed in Figure 15; a comparison of the mean 

velocity and turbulent intensity profiles for Runs 2 (1:85 scale) and 
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9 (1:240 scale). From this figure it is observed that the mean wind 

shear and the resultant intensity of turbulence is much greater for the 

1:240 scale model. Since the velocity reference height for the calcula­

tion of plume similarity is three meters, the 1:240 scale model has much 

lower velocities below this height than the 1:85 scale model. This 

coupled with the result that the 1:85 scaled plume traveled at a much 

faster speed than the 1:240 scaled plume leads one to believe that for a 

24 cubic meter LNG spill (Burro 9) the plume frontal velocities are 

primarily determined by the speed of the wind at heights below 3 meters. 

The increased wind shear and turbulence as modeled by the 1:240 scaled 

p 1 ume would in effect cause increased 1 ongi tudi na 1 dispersion of the 

plume. This would explain the comparatively slow rise and fall times of 

plume arrival and departure as seen in the 1:240 scaled plume data 

(Figure 14-1). 

Similar modeling-scale characteristics that were discussed above 

for Burro 9 are a 1 so present for the sea 1 e comparisons observab 1 e in 

Burro 8. Figures 12-5 and 12-6 display the time progression of the LFL 

for model scales 1:85 and 1:240 respectively and Figure 14-2 displays 

the concentration time history comparisons for both model scales. The 

wind-profile comparison is retrievable through observation of the model 

data presented in Figures 10-5 and 10-6. 

The modeling comparison between Run 1 and Run 8 which both simulate 

Burro 8 is generally favorable in the prediction of peak concentrations 

(Figures 11-4 and 11-6) and plume arrival and buildup characteristics 

(Figures 12-4, 12-6, and 14-2) but discrepancies appear in the predic­

tion of plume decay rate (Figures 12-4, 12-6, and 14-2). Run 1 

incorporates an enhanced modeling criteria in which the initial specific 
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gravity of the modeled plume is much greater than that of the field 

plume. This enables the usage of higher wind-tunnel velocities and 

hence more assurance of operating in a Reynolds number invariant regime 

(see section 2.2.1 for a more complete discussion). Both Runs 1 and 8 

are at a model scale of 1:240 thus the only difference between them is 

the relaxation of the initial plume specific gravity requirement. These 

limited results would indicate that when only the peak downwind con­

centrations are of interest enhanced modeling may be a viable technique. 

When the duration of plume exposure is important this technique should 

be used with caution until more conclusive results or explanations of 

this behavior are obtained from experimental data. A pausible explana­

tion of these differences is that increasing the p 1 ume source density 

relaxes the inertial interactions between the plumes mass, initially at 

rest, and the approach flow. The heavier the plume mass the longer it 

will take the approach flow to accelerate that mass up to its convective 

velocities; thus, the enhanced plume does not pass by the concentration 

sensor as fast as the plume simulated by a smaller source density. 
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5.0 FIELD DATA COMPARISONS 

When comparing physical model predictions with field data of a 

complex diffusion process one must realize that many physical assump­

tions and approximations have been employed in the modeling process. A 

single field event has a large number of uncontrolled or poorly 

specified variables which have an affect on the resultant concentration 

field that are not completely accounted for in the modeling process. 

Specific limitations are discussed in the following paragraphs. 

The source conditions of an LNG spi 11 situation must be 

approximated since it is difficult to predict or measure the time 

dependent size and boiloff characteristics in the field let alone 

reproduce these characteristics in a model situation. During the model 

tests a simple on-off gas release at constant boiloff over a constant 

area was used. 

The wind field into which an LNG plume is released is typically 

nonstationary. The plume may experience a wind field that is undergoing 

a change of mean wind speed, mean wind direction, and turbulent 

characteristics with time. Indeed some of these nonstationary effects 

were observed during the Burro Series. Burro 4 had s i gni fi cant wind 

direction changes and Burro 8 experienced a steadily declining wind 

speed throughout the test. These nonstationary factors were not modeled 

in the physical simulations. The wind characteristics were assumed to 

be constant, i.e., statistically stationary. These assumptions may lead 

to major differences between the resultant concentration fields 

depending on the severity of the nonstationarities during the field 

tests. 
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Even if the atmospheric wind field were stationary for the duration 

of a test, a single measurement of a time transient phenomenon, such as 

an LNG spill plume, would yield only a single datum point in the 

construction of a time dependent concentration probability distribution. 

Many rep 1 i cations of the same source conditions emitted into the same 

mean approach flow would be necessary to construct the entire 

probability distribution. But multiple releases with the same source 

conditions and wind fields are not possible in the atmosphere. In a 

model situation the source conditions and stationarity of the wind field 

are reproducible. Figures 14-1 and 14-2 show that two measurements of 

the concentration time history at the same spacial point in the same 

plume can yield fairly large variations. Thus even when a field test is 

performed in an approximately stationary wind field the measurements can 

only fall within some probabilistic concentration band. The width of 

this band can be estimated when the tests are repeated several times. 

During the model test series simulated spills were repeated up to four 

times. 

Model data and field concentration data [30] are compared in three 

presentation formats; the peak plume centerline concentration decay with 

downwind distance, Figures 16-1 through 16-5, the concentration time 

histories for plume centerline stations, Figures 17-1 through 17-15 and 

ground level maximum concentration extent contours, Figures 18-1 through 

18-8. The field gas concentration measurement stations are shown in 

Figure 19. 

5.1 DATA QUALITY CONSTRAINTS ON MODEL/FIELD EVALUATIONS 

The mode 1 was oriented in the wind tunne 1 based on the average 

and direction which occurred during the fie 1 d tests. Si nee drift in 
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Table 4. Figures 17 Reference Code 

Figure Number Run Number Field Test30 Field Position30 + 
Station Distance 

(m) 

17-1 4 Burro 4 G4 57 

17-2 4 Burro 4. G3 140 

17-3 5 Burro 5 T2 57 

17-4 5 Burro 5 T3 140 

17-5 1 Burro 7 G4 57 

17-6 7 Burro 7 G3 140 

17-7 1 Burro 8 T2 57 

17-8 1 Burro 8 G6 140 

17-9 3 Burro 8 T2 57 

17-10 3 Burro 8 G6 140 

17-11 8 Burro 8 T2 57 

17-12 8 Burro 8 G6 140 

17-13 2 Burro 9 T4 140 

17-14 2 Burro 9 G15 400 

17-15 9 Burro 9 T4 140 

+These are radial distances to concentration sensors at 1 meter height. 
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wind approach vector was sometimes substantial during the field tests 

some 1 i berty was taken during the mode 1 /fie 1 d comparisons to compare 

plume centerline values even when they were not measured at spatially 

equivalent locations. Unfortunately for the case of the model Runs 1, 

3, and 8 which were intended to model Burro 8 the topographic model was 

incorrectly turned to 215° from the North rather than the 235° as 

specified by the field measured mean wind direction. Nonetheless 

comparisons are made with the field data by rotating the measured model 

data 20° to coincide with the field wind direction. It is unfortunate 

that this mistake occurred since Burro 8 was the run most susceptable to 

the influences of topography. The comparisons shown in Figures 16-4, 

17-7 through 17-12, and 18-4 through 18-6 should be viewed somewhat 

skeptically when drawing conclusions about model-field comparisons. 

Indeed it may be better to interpret Runs 1, 3, and 8 as re 1 eases 

performed under equivalent source and wind field conditions to Burro 8 

but for a different approach wind direction. 

On Figures 17-1 through 17-15 the black line trace is that of the 

mode 1 ed data and the gray 1 i ne trace is that of the fie 1 d data. The 

step-like irregularities observed in some of the modeled data concentra­

tion time history plots (Figure 17-2 for example) are due to the five 

millivolt bin size of the analog-to-digital converter that was employed. 

The field data in these plots have been averaged in time to 10 seconds. 

No such average was employed on the modeled data. 

The field data presented on Figures 16 and 17 are actual 

concentration readings obtained from field sensors. The presentation 

of actual concentration sensor time histories in the Lawrence Livermore 

Laboratory (LLL) report on field data [30] was limited to the plume 
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centerline sensor positions. To obtain the concentration structure of 

the different Burro Series plumes at off-centerline values it was 

necessary to use LLL' s i nterpo 1 a ted p 1 ots of ground 1 eve 1 (1 meter 

height) concentration contours at specific times in the plume history. 

Unfortunately LLL used a simple linear interpolation of concentrations 

between sensor arrays. This procedure leads to nonsystematic errors of 

relatively large magnitude because of the large distances between sensor 

arrays (see Figure 19). Figure 20 conveys the source of these errors. 

The actual plume concentration contours of some hypothetical plume are 

shown for two different times t 1 and t 2. Below these actual plume 

contours are shown what the predicted contours from a linear interpola­

tion such as that used by LLL would yield. The linear interpolation 

causes the predicted p 1 ume to 1 eap forward as it passes each sensor 

array. It wi 11 a 1 so underpredi ct concentrations as the p 1 umes 1 eadi ng 

edge approaches the next sensor array. Such 1 eapi ng behavior (by as 

much as 200 meters) is seen very clearly in the plots presented by LLL 

[30]. 1 

Nonetheless it is desirable to have some form of comparison of the 

1 atera 1 p 1 ume structure between the mode 1 and the fie 1 d; hence, p 1 ots 

presented by LLL were used to find the concentration contours of maximum 

1To estimate concentration contours more accurately one should use an 
interpolation scheme that is based on the plumes advective time scale 
( 1 eadi ng edge ve 1 oci ty) and knowledge that as a section of the p 1 ume 
moves downwind its concentrations wi 11 decay in a power 1 aw fashion 
with downwind distance. The arrival time of the plume for Burro 8 at 
each sensor array suggests that the advective time scale for the plume 
is nearly the same as the mean wind speed at 2 meters height. No con­
centration should be present at downwind distances greater than u • t, 
where t is the time from release. The approximate form of the power 
law decay could be obtained from the decay of the peak concentrations 
for all time (like those presented in Figures 16-1 through 16-5). The 
use of an advective time scale should prevent errors such as are noted 
in Figure 20. Otherwise frontal location errors are approximately the 
same as the spacing of the sensor arrays. 
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plume extent and are presented in Figures 18-1 through 18-8. The field 

sensor locations are presented on these figures to permit the reader to 

locate those areas where such comparisons are most valid. The 

comparison of field concentration measurements with model values in 

between sensor locations should be considered cautiously in 1 ight of 

interpolation errors in the field data discussed previously. 

5.2 PEAK CENTERLINE CONCENTRATION DECAY 

From an inspection of Figure 16-1 through 16-5 of the peak plume 

centerline concentration decay with downwind distance it is seen that 

the physical model data correlated fairly well with the field data for 

all runs except that of Burro 7 (Figure 16-3) and the 57 and 400 meter 

field concentration values for Burro 8 (Figure 16-4). 

During the test, Burro 7, the wind speed was fairly high causing 

the plume to be narrow. With a narrow plume the possibility is large 

that the plume centerline, where the concentrations are the highest, 

is located between two measurement stations in the field. The peak 

concentration ground level contours for model Run 7 (Figure 11-3) show 

large variations in concentration values between the field measurement 

stations. Since the measurement grid spacing in the model was finer 

than that used in the field, the actual plume centerline values were 

more likely to be measured. The net effect would be the same as that 

depicted in Figure 16-3, that is, the model concentration values are 

consistently greater than or equal to those measured in the field. 

The large difference between the modeled and measured field values 

found at the 57 and 400 meter station in Burro 8 (see Figure 16-4) is 

probably due to. a combination of several factors that are not seen on a 
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simple presentation of plume centerline decay. The field data showed 

that there was a 1 arge influence of topography on the Burro 8 p 1 ume. 

This caused the plume to lobe outward on both sides of the centerline. 

Unfortunately the model topography was incorrectly oriented by 20° 

during the model runs 1, 3, and 8. A combination of model orientation 

errors and marginal plume simulation at low wind speeds lead to the 

discrepancies observed in Figure 16-4. 

5.3 CONCENTRATION TIME HISTORIES 

Comparison of the actual concentration time histories at similar 

downwind positions for each run reveals many of the pertinent physical 

simi 1 ari ties and differences between mode 1 ed and fie 1 d data. Figures 

17-1 through 17-15 as described in Table 4 present this comparison. The 

actual locations at the spill site of these field stations are presented 

in Figure 19. 

Figures 17-1 and 17-2 display some of the effects of field test 

mean wind direction nonstationarities. In Figure 17-1 a distinctive 

doub 1 e peak is observed in the fie 1 d concentration data at times 55 

seconds and 150 seconds. These peaks can be directly corre 1 a ted with 

major shifts in the mean wind direction during the field test Burro 4. 

Thus the p 1 ume was advected into and away from the fixed measurement 

location during its progression downwind. This phenomenon is observable 

in Figure 17-2 where it is seen that measurement station G3 recorded the. 

plume to have passed completely by at 150 seconds whereas the spillage 

of LNG onto the poo 1 1 as ted 175 seconds. As discussed earlier, non­

stationarities such as these were not modeled in the wind-tunnel. 
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The field data in Figures 17-3 and 17-4 reflect the influence of an 

unstable atmospheric stability during the Burro 5 test. The magnitude 

of the mean standard deviation of wind direction, the mean local 

1 ongi tudi na 1 turbulent intensity, and the Richardson number suggests 

that Burro 5 took place in a fairly turbulent atmosphere. The large 

excursions in concentration magnitude measured within the p 1 ume for 

Burro 5 is a direct result of this highly turbulent atmosphere. This 

highly fluctuating character was unique to Burro 5. Since Burro 5 was 

modeled using a neutral atmospheric condition, these large excursions of 

plume concentration are not present in the modeled data. The magnitude 

of the peaks in the unstable field data are similar to those in the 

modeled data; however, mean concentration values are much lower in the 

unstable case. This emphasizes the importance of fast response 

instrumentation to measure concentrations in an LNG vapor cloud, 

particularly in an unstable atmosphere. 

In Figures 17-5 and 17-6 for Burro 7 the discrepancy in 

concentration magnitudes is probably due to the same narrow plume effect 

mentioned earlier in the discussion of Figure 16-3. Since the plume was 

very narrow the field sensors may have missed the actual centerline of 

the plume where the concentrations would be highest. 

The field data generally shows smaller plume arrival times and 

greater plume concentrations at early times than the 1:240 scale model 

data. The field data also display a more sudden falloff in plume 

concentration with plume passage. Figures 10-1, 10-2, 10-3, 10-4, 10-6, 

and 10-8 suggest a possible explanation for these differences in plume 

timing characteristics during the 1:240 scaled runs. These figures 
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provide a comparison between the mean velocity and turbulent intensity 

profiles for the 1:240 scaled-model data and the field data. The mean 

wind shear and the resultant intensity of turbulence is much greater 

during the 1:240 scale model runs. The velocity reference height for 

the calculation of plume similarity is three meters. These modeled runs 

have much lower velocities below this height than the field tests, which 

suggests that frontal velocities for these plumes are primarily deter­

mined by the speed of the wind at heights below three meters. The 

greater wind shear and turbulence during these modeled runs would cause 

increased longitudinal dispersion of the plume, hence, the slow rise and 

fall times of model plume concentrations. 

During the 1:85 scale model experiments the wind field similarity 

was far superior to those scaled at 1:240, Figures 10-5 and 10-7. In 

particular, Run 2 (see Figure 10-7) shows almost exact similarity to the 

Burro 9 field test in both its wind shear and turbulent intensity. Thus 

arrival time and rise time characteristics should agree better than that 

of the 1:240 scale model. Figures 17-13 and 17-14 display such 

agreement between concentration time history comparisons for the Burro 9 

test and a 1:85 scale model. 

The wind shear similarity between the 1:85 scaled model Run 3 and 

Burro 8 was also quite good (see Figure 10-7), but a discrepancy 

remains in the arrival time characteristics (see Figures 17-9 and 

17-10). Part of this difference is most certaintly due to variability 

in the wind speed experienced through the duration of the Burro 8 field 

test. The mean wind speed declined from 2.7 meters/second at the start 

of the spill to 1.7 meters/second at later times. As the field test was 

modeled at an average wind speed of 2 meters/second wind variability 
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for most of the discrepancies in arrival time 

Also the model topographic orientation error confuses 

5.4 GROUND LEVEL CONCENTRATION CONTOURS 

A comparison of model and field lateral concentration distributions 

may have limited value because of interpolation procedures used by LLL 

[30]. As mentioned earlier in section 5.1 the field contours between 

sensor arrays could be in error by the distance between each array. In 

addition by plotting arbitrary time slices one examines only single con­

centration cross sections from a highly fluctuating time history. The 

actual peak concentration information, upon which all model maximum 

ground level extent contours were based, was not retrievable from the 

data in reference [30]. Field data plotted on Figures 18-1 through 18-8 

for the maximum ground level extent of the 2. 5, 5, and 10 percent 

concentrations may be incorrect. 

A qualitative evaluation of modeled and actual plume widths can be 

made from Figures 18. Figures 18-1 to 18-3 suggest that the wind tunnel 

simulations generally underpredict the plume width for Burros 4, 5, and 

7. Variations in the mean wind direction during the field experiment 

explain this phenomenon. These nonstationary aspects of the atmospheric 

wind variations were not modeled during the physical simulations. 

As noted on Figures 18-4 to 18-6 the model experiments to simulate 

Burro 8 were incorrectly oriented. A clockwise rotation of the model 

data contours by 20° overlays the data sets and reveals that the 

southern plume edge is well beyond the field sensor array. A similar 

pattern is noted in the field data. 
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The Burro 8 field plume appears to bifurcate into two lobes whereas 

the model data does not show as extreme a bifurcation. The field lobing 

may be exaggerated by artificial large forward leaping of the plumes 

frontal concentrations resulting from the linear interpolation scheme 

used by LLL. Recall also that the model's wind orientation was directly 

into a hill (see Figure 11-5) which inhibits plume travel. The field 

plume was such that half the plume was directed into the hill and half 

the plume traveled out onto relatively flat terrain. This orientation 

would tend to split the plume. One must also recognize, however, that 

the behavior of atmospheric turbulence at low wind speeds ( <2 m/s) is 

not well understood and the extremely low wind tunnel velocities 

required to model these wind speeds (~20 cm/s) may result in a 

substantial loss in wind field similarity. 

Figures 18-7 and 18-8 display results from the 1:85 and 1:240 

simulations of Burro 9, respectively. The overall plume width during 

the 1:85 simulation is quite good; however, at high concentrations the 

model predicts a much wider plume structure. No explanation for this 

behavior is apparent. 

The longest distance measured to the LFL (5 percent) level for all 

the field tests was -420 meters at a 3 meter height during Burro 8. 

Unfortunately due to the 20° topographic orientation mistake a 

comparison to model results for this worst case situation cannot be 

made. An isothermal physical model would not predict an elevated plume 

maximum. 
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6.0 SUMMARY AND RECOMMENDATIONS 

The purpose of this study was to provide assistance during the U.S. 

Department of Energy sponsored field test preparation for the 1979-1980 

forty cubic meter spill series at China Lake, California, and post-field 

test reproduction of those field tests. Small-scale models of the LNG 

re 1 ease pond and surrounding topography at China Lake, Nava 1 Weapons 

Testing Center, were placed in a meteorological wind tunnel capable of 

simulating the appropriate meteorological conditions. Transient 

concentrations of LNG vapor were determined by sampling concentrations 

of tracer gas released from the LNG spill area. 

6.1 DISPERSION CHARACTERISTICS PERCEIVED FROM PRE-FIELD TEST SERIES 

Ten pre-field model configurations were examined over a 1:240 

scale model of the China Lake test site. Three wind speeds (3, 5, and 

7 m/sec), two spill rates (15 and 30 m3/min) and five wind orientations 

were considered. Based on visual examination of the site a wind field 

was produced characterized by an equivalent 4.3 em roughness and a power 

law exponent of 0.18. Concentration measurements revealed that: 

• Topographical effects are significant. Modest hill slopes of 1:10 can 
detain dense plumes and reduce longitudinal distances to LFL. Shallow 
valleys and gorges may channel the plume and sustain high concentra­
tions. 

• Accelerated boiloff rates of a finite amount of LNG may result in 
slightly modified LFL distances; however, the influence of a two-fold 
variation in boiloff rate is barely discernable in the results. 

• An increased travel distance to a given concentration with increased 
wind speed was clearly apparent for wind speeds between 3 and 5 m/sec. 
This is in marked contrast to the passive dispersion of clouds where 
there is an inverse dependence on wind speed. 

• Maximum LFL distances appear to lie between 250 and 350 meters. 
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6.2 COMPARISON OF LABORATORY AND POST-FIELD EXPERIMENTS 

An importance objective of this study was to compare the physical 

model and field data through the principles of similarity and to 

determine how well the physical model can simulate actual atmospheric 

dense gas dispersion. 

Field-model comparisons for each of the five different Burro tests 

simulated are summarized below: 

• The 1:240 scale model of Burro 4 reproduced the peak centerline 
concentration decay with downwind distance. The arrival and departure 
concentration structure of the model plume was significantly different 
from the field because of poor modeling of the approaching wind 
profile at a 1:240 scale. Lateral plume extent comparisons indicate 
that deviations in the mean wind direction observed in the fie 1 d 
caused the field plume to be wider than the model plume. 

• The 1:240 scale model of Burro 5 displayed all the same comparison 
characteristics as that of Burro 4 above. In addition to these 
comments it was observed the concentrations in the interior of the 
fie 1 d p 1 ume fluctuated much more tha.n in the mode 1 p 1 ume. This 
difference is attributed to the highly turbulent atmosphere as a 
result of an unstable potential temperature gradient into which the 
plume was released. The model simulation was in a neutral wind field 
condition. 

• The 1: 240 sea 1 e mode 1 of Burro 7 did not reproduce the center 1 i ne 
concentration decay with downwind distance. This disagreement is 
attributed to the Burro 7 plume being very narrow. It is likely the 
plume center was missing the field concentration sensors. The arrival 
and departure structure of the model plume was significantly different 
from the field because of poor modeling of the approaching wind 
profile at a 1:240 scale. Lateral plume extent comparisons indicate 
that de vi at ions in the mean wind direction observed in the fie 1 d 
caused the field plume to be wider than the model plume. This wind 
direction variation often caused the plume to leave the bounds of the 
sensor array. 

• Three different types of model simulations were intended to simulate 
Burro 8. Unfortunately the models topographic orientation was in 
error by 20° toward the north and the wind speeds were low enough in 
these tests for the topography to have a 1 arge influence on p 1 ume 
behavior. This error in wind direction prevents a complete evaluation 
of a model-field comparison, but several comments can still be made. 
There is a comparison discrepancy in the p 1 ume arri va 1 times at the 
first sensors positions where topography differences are not yet 
present. This is attributed to the declining mean wind speed that 
occurred over the history of the Burro 8 plume. The wind tunnel 
models cannot reproduce nonstationarities such as a declining mean 
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wind speed, and a wind speed in between the actual extremes was used 
for modeling purposes. This choice caused the model plumes to be 
initially advected at a lower speed than that of the field plume. The 
field plume showed a stronger tendency to lobe than the model plume, 
but this difference could be a result of topographic orientation 
errors. The comparison between the two mode 1 runs 1 and 8 indicate 
that the distortion of plume initial density to obtain higher wind 
tunnel operating speeds results in a significant loss in plume 
similarity. The Burro 8 plume had the longest distance of any of the 
Burro tests to LFL (5 percent) concentrations. This concentration 
extreme was measured at a height of 3 meters and not at the height of 
1 meter at the same tower. This significant affect of plume lofting 
was not modeled in the wind tunnel. 

• Two different types of model simulations were made on the Burro 9 
plume. One was at the standard scale of 1:240, and the other was at a 
scale of 1:85 to better approximate the mean shear and total turbulent 
intensity reported in the Burro 9 wind field summary. Both simula­
tions show good agreement with the field data for the peak centerline 
concentration decay with downwind distance. The replication of ·the 
arrival and departure structure of the model-field plume comparison 
was greatly improved by the more accurate representation of the 
approaching wind characteristics at the 1:85 scale. The total lateral 
extent was better represented at the 1:85 sea 1 e. Overa 11 the 1:85 
model scale simulation of Burro 9 had excellent agreement. The only 
serious descrepancy observed is the model shows a much larger lateral 
plume width at the 10 percent concentration level. No explanation of 
this behavior could be found. 

From these different test comparisons it is concluded that: 

• Nonstationary effects such as variations of mean wind speed and mean 
wind direction exist in the field tests. These effects were accounted 
for in the physical model. 

• Field plume thermal effects definitely caused plume lofting in the 
plume most susceptible to thermal heating, Burro 8. This effect 
was not simulated by an isothermal physical model. 

• Distortion in the similarity of the approach wind field between model 
and field do not have a large effect on the comparison of actual and 
modeled peak. concentration extents for all time. But these distor­
tions cause large differences in the arrival and departure structure 
of the plumes tested. 

• For the one test comparison in which good wind field similarity in 
mean shear and~total turbulent intensity was obtained, Burro 9-Run 2, 
the concentration field comparison was generally excellent. 

\ 

• There are most definitely/ 1 imits to the range of possible field test 
conditions for which an accurate physical model can be developed. 
These 1 i mi ts are associ a ted with 1 arge re 1 eases at 1 ow winds over 
terrain of 1ow roughness. Burro 8's thermal lofting suggest that it 
falls into this category. No conclusions about the total loss of 
similarity can be made due to the modeling error in topographic 
orientation. 
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6.3 RECOMMENDATIONS 

From the knowledge gained from the present study the following 

recommendations are made. 

The field data from the Burro test series should be presented in a 
format, as suggested within this report, which does not cause the very 
1 arge errors that were found to exist in the 1 i near i nterpo 1 ati on 
scheme that was used. Since a time slice progression of plume con­
centration contours can very easily miss the peak concentration 
information it would be helpful to future users of this field data 
base if presentations similar to the format used to report model data 
within this report were used, i.e., the maximum ground level extent of 
different concentration values and ground level time progressions of 
the LFL. 

• In the present study only the 1:85 scaled model (Run 2) of Burro 9 
achieved a good similarity in the approach flow and the concentration 
field comparisons were very acceptable. Burros 4 and 8 both exhibited 
characteristics that cannot be modeled. But Burro tests 5 and 7 could 
be resimulated by a wind tunnel model in which improved wind 
comparisons are obtained by proper adjustment of model scale and 
thermal stability. 

• Beyond the present fie 1 d test series a 1 arger data base of fie 1 d 
experiments should be performed over sites which exhibit a greater 
effective roughness and 1 ower wind speeds. From this data base and 
data collected from the associated wind tunnel modeling of each spill 
a more quantitative estimate of the accuracy of physical modeling can 
be determined. 

• For future wind tunne 1 mode 1 i ng studies of time dependent phenomena 
such as those of LNG spills, multiple replications of each concentra­
tion time history should be obtained. The ensemble mean and variance 
of the time dependent concentration signal at each spacial point can 
can be constructed from such data. Such ensemb 1 e averaging would 
greatly improve the ability to estimate the quality of field-model 
correlations. 
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APPENDIX A - THE CALCULATION OF MODEL SCALE FACTORS 

As discussed previously in Section 2.3 the dominant scaling 

criteria for the simulation of LNG vapor cloud physics are the Froude 

number and the volume flux ratio. By setting these parameters equal for 

model and prototype one obtains the following relationships. 

(
S.G. - 1)1/2 ( 1 )1/2 

(Ua)m = S.G.: - 1 L.S. (Ua)p 

(
S.G. _ 1)1/2 ( )5/2 

Q = m _1_ Q 
m S.G.p - 1 L.S. p 

In addition to these sealing parameters which govern the flow 

physics one must also scale the mole fractions (concentrations) measured 

in the model to those that would occur in the prototype. This scaling 

is required since the number of moles being released in a thermal plume 

are different from the number of moles being released in a isothermal 

plume. To be more precise the relationship between the molar flow rate 

of source gas in the model and the prototype is 

By definition the concentration of LNG vapor is expressed as: 
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Substituting model equivalents into the above expression yields 

or 

This equation was used to correct the modeled measurements to those that 

would be observed in the field. 



122 

APPENDIX B - DATA TABLES 
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113410 2.f.. 3. 1 4.8 18.3 .3f, 91.2 -24.0 0.0 6.8 139. o. 1 79. 0. 50 7. 35.43 

113411 2.4 3. 1 S.£. 20. (• .28 91.2 -36. 0. 0.0 6 . 1 :h\9. 0. 317. 0. 3-41 2i'. 6? 

U3412 ~.2 5. 1 f,,CJ 1i. f, . 2« 91.2 -48.0 0.0 5.8 2:HI. 0. 2 56. 0. 268. 1'} e.; 
1113413 3.0 4. 1 1.0 19.0 . 27 91 . 2 -(,(<_!) 0.0 1.7 1 'Hi. 0. at. 0. 40 3. 26. E-5 

"13414 3. 1 5.4 t.7 19. 7 . 2~ 'Jl. 2 -72.0 0.1) 7.9 210. 0. 2 4') . 0. 528 2:3 3~ 

A13415 3 1 5.4 7.3 18.5 . 3Q 91.2 -84.0 ~~ . !) i'.S 222. !), 2 71 . 0. ~g z 25 5•3 

113408 4.3 3.0 7. 1 26. !5 . tl 91 . 2 0.0 0.0 1 o. e 11 ~. 0. 2€-4. 0. (31j ee . ~:: 
l134(t~t 4.3 3.(1 5. 1 4:5.€. . 65 91. 2 -1:2.0 0.0 lil.~ 132. 0. 1 90 0. 777. b2 1~ 

113410 2.9 3.3 5.2 26.9 .41 91. ;Z -24.0 0.0 7.4 145. 0. 1 91 0. 440 3~.5~ 

113411 2.b 3.6 €..8 20.0 . 32 91 . 2 -3,. 0 0.0 6.7 tH. 0. 252. 0. 353. 30. -,g 

113412 1 . 9 4.8 ?.f.. 16. (o 23 91.2 -48.0 0.0 s.o (I. 0. 283. 0. 0. 23 . c·e 
13413 2., 4.2 7.3 16.5 .27 91 . 2 -€.0.0 0.0 '·' 21 C•. 0. 2 71 . 0. 50 7. 26. 33 

113414 3.3 5. 1 7.6 17.9 . 28 91. 2 -72.0 0.0 6.4 2113. 0. 283. 0. 544. 2 t' . €·2 

13415 3. f.• 5.4 7. 1 16. 2 . 25 91.2 -84.0 (•. 0 7.7 225. !), 21£.2. Ct. 541. 24 . ::' 3 

113508 ~.5 4.9 f...7 17. f., . 24 91.2 -60.0 0.0 6.4 20 7. 0. 247. 0. 3H 23.28 

A13509 3.2 5.2 8.3 18.4 . 30 91. 2 -72.0 0 0 8.2 219. 0. 3(•8. 0. 60(•. 28 ?E 

"13510 2.6 5.8 H•. 0 18.4 .24 'H .2 -84.0 0.0 6.8 247. 0. 372. 0. 4% ,.,; • .!.0::• 

A13511 3.C) 7.0 11.0 1 a. 1 .23 91. 2 -% 0 I) .0 7. 7 283. 0. H9. 0. 5?9. 21 . £.~ 

1113512 2.0 '. 1 1 C•. 0 ll. 5 .06- 91 . 2 - 1(•8 . 0 0.0 5 3 372. 0. 372. 0. 37 3. ~. 10 

A135 13 . 1 0.0 23.6 0.0 .01 91. 2 -120.0 0.0 . 3 0 . 0. 873. 0. C•. 1 . (• 3 

U3514 .2 0.0 12.4 0.0 . 01 91.2 -132.0 0.0 . 4 0 . 0. 459. 0. 0. 1 23 ....... 
1113515 .3 0.0 2.£ 0.1) .1)2 91. 2 -144.0 0.0 .s 0. 0. ''. 0. ?. 1 91 

81 35 oe 2.4 ~- 0 6.9 1S.2 . z 1 91.2 -£1). 0 O.Q 6.3 207. 0. 2!SC 0. 434. 20. 1£.9 N 

I 1350\li 3 2 5. 1 7.2 15 ' . 2' 91 . 2 -72.0 0.0 8.3 21(1. o. 2£5. 0. 535. 25. 45 <.TI 

81-351(< 2.5 '5.8 7.6 16.2 .21 91. 2 -84.0 0.0 6.6 24ft 0 . 282. 0. 413 3. 20. 12 

813511 2.8 7. t 9. 1 16. C• . 20 91.2 -96.0 0.0 7.3 288. 0. 338. 0. 507. 19. 12 

813512 2.3 8.0 1 (I. 0 13.0 . 08 91. 2 - 108.0 0.0 5.9 32'. 0. H·'· 0 . 37'-'. 8.2~ 

B 135 t 3 . 1 0.0 10.9 0.0 . 01 91 2 -120.0 C) 0 . 4 0 . 0. 405 0. (• H 

813514 .t 0.¢ 1. 6 0.0 . (t 1 91.2 -1 32.0 0.0 . 4 (• . Q. 59. 0. (• 51 

C135t•tl 2 :z 4 ? t;...9 15.£ . 21 91. 2 - £(1. (} 0.0 !:i . 1 216 . 0. 255. 0. 29 2. 2(l. 09 

c 1 35 ,.9 3.Q 5. I;• 7.2 18.4 .26 'H .2 -72.0 Q 0 7.6 21£. 0. He. 0. 548. 24. 80 

C13510 2.5 5.5 9.2 14.2 . u 91.2 -84.0 0.0 '·' 245. 0 . Ht 0. H2. ta '2 
(: 13'51 t 3.(< 6.6 8.3 14.3 . 19 91 . 2 -9£.0 0.0 7.8 261. 0. 307 . 0. 4n. 16. 55 

c 13512 ... .... 8.3 8.4 1 t . 8 .96 91.2 -11>8. 0 (1.0 5.8 31 1. 0. 313. 0. 4:15 5 ''Si~ 
.:..-'-

t 13513 ,I;< 0.0 . 1 0.0 .01 91.2 -120 .0 0.0 . 1 0 . Q. 3. 0. 0. 1 . 42 

c 13514 . 1 O.Q . 1 0.0 . 1;12 91.2 -132.0 0.0 . 3 0 . 0. 3. 0. 0 . 1 ~7 

c 13515 . 2 0.0 36.8 0.0 .02 'H .z -144.0 0.0 . 4 0 . 0 . 1 Jf,!j . 0. 0. 1 813 

AtHOS 2.4 ...... S.2 22.2 .36 13~. 9 0.0 0.0 ,,l 213. fJ. 3c>5 0. 471. -35. 48 

A14411' 2.f. 4 4 7.t 21. ~ .42 13(}. 9 -12.0 Q.O '·' 237. 0. 2S3. 0. 522. 40 7 i~i 

A144t0 1 . 9 5.1) U.2 21.0 . 31 139. 9 -24.0 0.0 4.~ (•. 0. 4 51 . 0. Q. 3::•. 72 

A14411 1 . 7 5.5 1 0. l 15. 7 .24 139. 9 -36.0 0.(1 4.4 Cr. 0. 373. 0. 0. 24. \•J 

AlHU i . 5 £.8 8.0 1'. 1 .17 139. 9 -48.0 0.0 l.S 0. 0. 298. 0. 0. 16. 33 

A 14413 1 . f, ,.4 14.0 U.f. . 1 e t:n. 9 -fi.Q. 0 0.0 4.2. (1, 0. 5U. Q. (I_ 1 e . (•t 
A1H14 1 . 7 b.7 9. C• 16.7 . 17 139.' :: .0 0.0 4.4 0. 0. 332. 0. Q . 16. 39 

A1441S 1. 3 7.8 '·' 10.6 .11 139. 9 -84.0 Q.O 3.5 (t, 0. 3:54. 0. 0. 10. 92 



RUN HUMBER 

----------------~O~EL CONDITIOHS-------------- -------------------------PROTOTYPE COHOIT[OHS---------------------- -------
FILE f'EAJ: U ARR. PEAK U EHC> SUH f'OSI TI ON PEAK '~ 14RR. 1 5:C AU. f'EAJ:: 15 :C Etlli 5~ E H D SL!Il 

IlK£ COt4C. TIME TIM£ TtME 
di> 

y z COHC. TIHE HHE TII'IE T I 11£ TUIE 
( ~ i <SEC) <SEC> (SEC) 0{-5) (") (ft) ( :c i <SEC> <SEC) <SEC> <SEC I (SEC i <X -·S :• 

114408 2.4 4.7 6.6 22.f. . 41 139.' 0.0 0.0 6.3 228. 0. 24,. 0. 536. 40.36 
14409 2.4 4.6 7.3 23.8 . 3& t 39.9 -12.0 0.0 6.2 216. 0. 270. 0. 399. 37. (•.2 

114410 1.' 5.4 \\..8 u.z . 28 13'.' -24.0 0.0 5.0 0. 0. 2'53. 0. 0. 2i' 47 

14411 1.£ 6.0 7.7 1£ 2 . 21 139.9 -36.0 (•. 0 4.3 (•. 0. 2S5 (·. 0 2t·. £~ 

114412 L' '·' 8.8 11.3 .13 139.' -48.0 0.0 4.1 0. 0. 328. Q. Q 13. 14 

14413 1.5 6.4 8.3 11.' . 14 t 39.9 -u.o 0.0 3.8 0. 0. 307 . 0. 0. 13. 79 

114414 1. 4 7.1 8.7 15. 1 .15 139.' -72.0 0.0 3.8 (t_ 0. 322. 0. 0. 14. 73 

t4415 1. 2 8.2 8.4 12.3 .06 139.' -84.0 0.0 3.0 0. 0. 311. 0. 0. '. (•4 
114308 ·' 0.0 11.4 0.0 . (o4 139.' 84.0 0.0 2.3 0. 0. 422. 0. 0. 4. 02 

114309 1.0 8.3 1(1. 3 11.' .09 139.9 72.0 0.0 2.7 Q. 0. 381. 0 0 g. £9 

114310 1. 3 8.9 10.7 12.2 . 10 139.9 f.o.o 0.0 3.3 0. 0. 396. 0. 0. ,,_55 

114311 1. 8 6.4 8.4 16.9 .19 139.9 48.0 0.0 4.7 Q. 0. 313. 0. 0. 18. 21 

114312 1.7 '. 1 12.8 16. 1 .19 139.9 36.0 0.0 4.4 0. 0. 474. 0. 0. 19.09 

114313 3.0 5.2 8.0 18.9 .37 t 39.9 24.0 0.0 7.6 233. 0. 2,. 0. 5~5. lb. 39 

tl4314 2.8 4.£ 7.8 18. t .38 139.9 12.0 0.0 7.3 2 tt;. 0. z1n. 0. 569 36.96 

ll•UOS e (•. 0 12.7 0.0 .04 t 39.9 84.0 0.0 2.2 0. 0. 470. 0. 0. 3.65 

114301) 1 .4 9.1 1Ct.3 13.5 .12 139.9 72.0 0.0 3.7 0. 0. 382. (J_ 0. 11 . 51 

14310 1.4 8.7 '·' 14.' .13 139.9 ,0.0 0.0 3.7 0. 0. 3S7. 0. 0. 12. 80 

1'4311 
1.' 6.0 9.6 17.0 . 22 139.9 48.0 0.0 5.0 0. 0. 357. 0. 0. 21 .eo 

14312 1 . 9 s. 7 9.2 20.3 . 23 139.9 36.0 0.0 5. l 339 . 0. 339. 0. 341. 22 . 6(o 

14313 3.0 4.1 8.0 23.8 .48 139.' 24.0 0.0 7.8 200. 0. 29,. 0. 75-~. 46. zs 
14314 3.0 4.5 S.3 24.0 . so 139.9 12.0 0.0 7.7 227. 0. 307. 0. t.59. -48. 17 

14315 2.6 4.2 8.3 23.4 . 44 139.' 0.0 0.0 6.6 210. 0. 3(17. 0. 594. 43.06 

14308 .8 0.0 12.7 0.0 . (15 t 39.9 84.0 0.0 2. 1 0. 0. 4 70. 0. 0. 4. 62 

C14309 1. 2 8.8 9.6 12.' . 1 C) 139.' 72.0 0.0 3.2 0. 0. 354. 0. 0. 9.95 

Cl4310 1.5 7.0 9.6 13.7 . 12 139.9 60.0 0.0 ·L 1 0. 0. 356 . 0. 0. 12.. 1-4 ..... 
114311 2.1 '. 1 8.5 17.4 • 2-3 139.9 48.0 0.0 5.4 J(t2. (). 316. 0. 3')() . 22.51 

14312 .. .. 6.1 8.9 li'. 3 . 23 139.9 36.0 0.0 5.8 298. 0. 330. 0. 3H. 22. 83 N 
"·"-

114313 3.4 4.3 8. 1 22. 1 . 43 139.9 24.0 0.0 8.6 2 0 5. 0. U9. 0. 608 41. '5 0\ 

14314 3.3 
4 ' 

8.£ 22.Ct .H 139.9 12.0 0.0 8.3 215. 0. 320. 0. £3 C). 42.2~ 

14315 2.9 4.0 7.6 23.8 .50 139.' 0.0 0.0 7.5 182. 0. 280. 0. 582. 48. 05 

t15J(I8 .4 0. (• 15. 1 0.0 .03 242.4 8<4.0 0.0 1 0 (1, 0. 560. 0. Co. 2.57 

115309 .'1 0.0 13.4 O.Ct • CiS 242.4 72.0 0.0 1 . 8 0. 0. 498. 0. 0. 5. 10 

115310 .7 0.0 13.4 0.0 . 08 2-42. 4 £0.0 0.0 1 . 9 Ct. 0. 49b. 0. 0. 7.47 

•• 5311 1. 2 11.0 13.4 15. 1 . l5 242.4 48.0 0.0 3. t 0. 0. 496. Ct. 0. 15. 10 
115312 1. 2 10.0 1£.5 17.7 . ., 242.4 36.0 0.0 3.2 C>. 0. £11. 0. 0. tS. 52 

tlSJ13 1 . 7 e.o 12.2 20.0 . 26 242·. 4 24.0 0.0 4.6 Ci. 0. 453. 0. 0. 25. 62 

11514 1.4 9.5 H. 7 19.2 . 21 242.4 12.0 0.0 3.7 (1, 0. 397. 0. 0. 21 15 

tl5315 1.3 9.(1 11.8 16.4 .1& 242.4 0.0 0.0 3.3 (•. 0. 436. 0. 0. 18. 24 

11530& .l 0.0 18.8 0.0 . Ol 242 ... 84.0 0.0 .7 (t. 0. ,,, 0. 0. 1. 25 r,u, •• Q.O 17.5 0.0 .06 242.4 72.0 0.0 1 . 7 (1. 0. 649. 0. 0. ' 41 
1!5310 .7 0.0 17.4 O.(t .09 242.4 £0.0 0.0 2.0 0. 0. 645. (1, 0. 9.23 
15311 1. 0 10.9 13. 1 17.3 .16 242.4 48.0 0.0 2.8 Ct. 0. 4U. 0. 0. 15.36 

15312 1 .l 9.4 11.0 20.2 .20 242.4 36.0 0.0 3.3 Q. 0. 408. 0. 0. 19.84 

I'S3U t.f. 7.4 9.9 Zt. S . 28 242.4 24.0 0.0 4. 1 0. 0. l£.8. 0. 0 27.47 

15314 1.4 8.4 tc•.' 19.8 .27 242.4 12.0 0.0 3.7 0. 0. 391. 0. 0. 26. 19 

1Slt5 1. 4 8.7 10.' 20.8 . 26 242.4 0.0 0.0 3.8 0. 0. 394. 0. 0. 26. 05 

15408 1. 2 1 C•.' 11.' 18. (I .19 242.4 0.0 0.0 l .1 Ct. 0. -431 . 0. 0. 19. 12 

t15409 1.5 9.4 12.0 u.o . 24 242.4 -12.0 0.0 3.9 0. 0. 443. 0. 0. 24. 11 

1·15410 1. 2 9,, 11.0 16.2 . 2(t 242.4 -24.0 0.0 3. 1 0. 0. 4Co6. 0. 0. 1'. 52 



RUN NUMBER 

----------------~ODEL CONDITIONS-------------- -------------------------PROTOTYPE COHO!TIONS-----------·--- ------- ----·-·.0 --
fiLE FEEt~: U ARR. PHK 1~ Etlll SUI'! POSl TIOti PEiil( ~Si: liFR. 15:t. I=IF.F. f'EIH' 15 E tlt• ~ (liD SIJii 
MAllE COHC. TlltE TIME T I HE X y .:.. COliC. T111E rr I'!E T l ME T !"J£'. ! !1 E 

en (SEC;. <SEC;. (5[1;) < x -s 1 (") (") ( 10 0:) (SEC;. (SEC;. < 5 EC :· ( EC i Sf c j ( :~~ -· ~ 
115411 1.3 10.6 13. 7 17.Q . 2<.' 242.4 -3ft. 0 0.0 3.4 (•. <; .. 5 \)l,i (r • ~· l ~· ~ l 
A15412 1.1 14.2 14. ~ 14.4 .a 242.4 -48.0 0.0 2.9 (• Q. 5 28. 0. 0. 1'. H 
It 5413 1 .0 0.0 lZ.' 0.0 . 14 242.4 -60.0 0.0 2.6 (• . 0 . 4 79. ~· . 0. 13. 77 
At 54 t4 .9 0.0 15.0 0 ~' . 11 242.4 -72.0 0.0 2.4 (• . 0. '56. 0. 0 11 11 
Al5415 .8 0.0 14.2 0.0 . 09 242.4 -84.0 0.0 2.2 0 . 1). s 25. 0. 0. a. t·' 
115408 1. 3 to. 2 12.7 H.6 . 21 242.4 0.0 0.0 3.4 (•. 0. 471. 0. 0. 20.4! 
115409 1 . 4 9.2 11. 3 1S. 4 . 25 242.4 -12.0 0.0 3.7 0. 0. 418. 0. 0. 24. 8'2 
11541C• 1. 2 9.5 11.8 ". 7 . 21 242.4 -24.0 0.0 3. 1 0. 0. 4 39. 0. 0 20. u 
115411 1 . 1 11.:5 11.5 15.8 .te 242. 4 - .Jf, 0 0.0 2.9 (1, 0. 425. 0. 0. 17.76 
115412 .9 0.0 12.8 0 I) . 12 242.4 -48.0 0.0 2 5 c:a. 0. 4 74. 0. C•. 12 . 2:) 
115413 .9 0.0 1¢.9 0.0 . 12 242.4 -f.O.O li.C:• 2.3 ¢. (< • 40'S. 0. 0. 11 f:e 
115414 .8 C<.O to. 4 0.0 . 10 242.4 -72.0 0.0 2 . 1 C• • 0. 384. 0. 0. l :) . l 7 
115415 . 8 0.0 11.6 0.(1 . 09 242.4 -84.0 0.0 2. 1 I) 0. 4 3<J. 0. 0. 'L 12 

.­
N ..... 



RUN •uiiBER 2 

----------------IIODEL COHDITtOHS-------------- -------------------------PROTOTYPE CONDITIONS-------------------------------
FILE PEAK U ARR. PEAK U END SUN POSITION PEAK :S~ ARR. 1:5t ARR. PEAK 15~ END ~~ END SUJI 

MAllE COHC. TINE TINE TINE X y z CONC. TINE TUE TUE T I liE TINE 
o::- <SEC> <SEC> <SEC> <X-S> (JI) (N) (JI) (:() <SEC> (SEC) <SEC) <SEC> (SEC) < x-s > 

AZU09 . 1 0.0 11.8 0.0 0.00 36.:5 45.9 0.0 .3 0. 0. 90. 0. 0. . 04 
AZ1310 .2 0.0 11. 1 0.0 .01 36.~ 38.3 0.0 ·' 0. 0. 85. 0. 0. .24 
A21l11 6.6 6.8 11. 1 14.5 . 20 36.5 30.6 0.0 16.0 57. 85. 85 . 87. 107. 4. 02 
AZU12 12.2 3.0 10.8 15.8 . 78 36.5 23.0 0.0 27.2 24. 50. 83. 10'L 118. 14.57 
AUJ13 12.1 2.3 12.0 22.4 1. 02 36.5 15.3 0.0 27.1 18. 34. CJ2. tt 0. 117. 18.13 
AZU14 1i .0 1.2 13.0 23.5 1.43 36.5 7.6 0.0 34.0 12. 26. 100. 120. 146. 25.87 
AZUl!! tG .0 ·' 1(1.6 2!1.:5 1.41 3£.5 0.0 0.0 34.0 to. 18. 81. 11'. 132. 26.31 
121308 . 1 0.0 42.7 0.0 . 01 36.5 53.6 0.0 . 4 0. 0. 327 . 0 . 0. .21 
121309 . 1 O.Co 1.2 0.0 0.00 36.5 45.9 0.0 . 4 0. 0 . 10. 0. 0. . 03 
121310 .5 0.0 13.6 0.0 . 01 36.5 38.3 0.0 1.3 0. 0. 104. 0 . 0. .21 
121311 6.9 5.3 13.2 15.4 . 38 36.5 30.6 0.0 16.6 44. ". tot. 102. 110. 7. 47 
121312 11 . 4 2.2 8.0 14.4 . 73 3i.5 23.0 0.0 25.7 24. 38. f.2. 101 . 10 7 . 13. i4 
121313 12.5 1.7 9.7 20.0 . 95 3£.5 15.3 0.0 27.8 1£ . 34. 74. 102. 127. 17.51 
121314 12.6 1.2 10.0 22. 1 1. 15 36.5 7.6 0.0 28.1 11. 27. 71. 10,. 120. 21.06 
121315 13.7 . 7 12.2 23.0 1. 21 3£.5 0.0 0.0 30.1 £. 21. 93. 10£ . t 28. 22.03 
Ul408 19.0 .8 12.6 22.2 1. 56 36.5 0.0 0.0 38.8 9. 20. ". 110. 14 2. 21. :n 
A21409 18.0 1.1 11.9 2'.' 1. 31 36.5 -7.£ 0.0 37.2 10. 17. 91. 110. 168. 23.,1 
Ul410 15.5 .9 5.6 23.8 1. 30 3£.5 -1~.3 0.0 33.1 12. 23. 43. 1 u,. 127. 23.49 
Ul411 1£.1 2.3 9.5 16. 1 1. 20 3£.:5 -23.0 0.0 34.1 21. 29. 73. 108. 11 :5. 21.22 
Ul412 14.2 3.2 11.3 14.4 ·" 36.5 -30.6 0.0 30.9 25. 53. 87. 103. 110. 12. 12 
lZl413 6.1 7.4 11.8 12.7 .10 3£.!5 -38.3 0.0 1£.2 58. 90. 91. '1 . 97. 1. 93 
A21414 . 1 0.0 . 2 o.<o . 02 36.5 -4~.9 0.0 . 3 <o . 0 . 2. 0 . 0. . 32 
Ul41!5 . 1 0.0 46. 1 0.0 . 02 36.:5 -:53.£ 0.0 . 3 0. 0 . 353. 0 . 0. . 32 
IU408 17.0 1.1 11.8 24.3 1. 38 36.5 0.0 0.0 35.£ 11. 18. ,0. 110. 127. 24.72 ...... 
IU409 17.6 1.2 8.2 Z3.3 1.18 36.5 -7.6 0.0 36.7 12. 22. 63. 106. 134. 21.28 

IU410 14.8 1.3 9.5 23.2 1. 24 36.5 -15.3 0.0 31 ·' 12. 2:5. 73. 10'L 13:5. 22.54 N 

121411 14.7 2.2 11.2 15.5 1. 14 3£.5 -23.0 0.0 31.8 19. 27. 86. 105. 117. 20.32 co 
121412 12.i 2.6 10.4 14.2 .63 36.5 -30.6 0.0 28.0 30. 36. 80. 102. 109. 11 . 80 
121413 3. 1 9.0 9.2 9.6 . 05 36.5 -39.3 0.0 8.0 70. 0 . 70. 0. 71. . 94 

121414 .2 0.0 u.s 0.0 . 02 36.5 -4:5 ·' 0.0 . 5 0 . 0 . 152. 0. 0. . 47 

121415 . 1 0.0 5.7 0.0 . ('2 36.5 -53.6 0.0 .3 0. 0. 44. o . 0. .46 
lZZ408 11.1 2.0 12.6 17.8 . ,, 56.' 0.0 0.0 25.3 17. 40. 97. 108 . 124. 17. 81 
Ul409 8.3 2. 1 8.6 17.9 .82 5£.9 -7.6 0.0 19.7 18. 36. ". 109. 123. 15.56 

IZJ410 10.2 2.0 10.5 U.9 .95 56.9 -15.3 0.0 23.~ u. 36. 81. 108. 135. 17.92 
AI 411 9.3 2.5 11.(1 15.8 . 79 56.' -23.0 0.0 21.7 21. 39. 84. 103. 117. 14.£7 
AZI412 8.~ 3.0 10.£ 14.£ . 52 56 • ., -30.6 0.0 20.2 31. 48. 82. 97 . 108. '. 86 
A22413 £.9 4.6 11.2 14. 1 .28 ".9 -38.3 0.0 16.6 47. 71. 86. 86. 102. 5.42 
AZZ414 3.0 9.3 11.8 13.3 . 05 

''. 9 
-45.9 0.0 7.8 88. 0. 90. 0 . 92. 1 . 01 

122415 .. 0.0 10.5 0.0 .01 !5£.9 -!53·' 0.0 .5 C>. 0. 81. 0 . 0. . 11 
·' IZZ408 11.7 2.3 13.0 20.£ 1. 02 56.' 0.0 0.0 26.4 21. 42. ". 113. 134. 18.88 

122409 10.9 2.5 13.3 18.5 . 94 5£.9 -7.£ 0.0 24.9 20. 38. 102. 115. 127. 17. £4 

IZZ410 8.6 2.3 12.4 20.1 . 88 56.9 -15.3 0.0 20.3 19. 51. 95. 108 . 132. 16.81 
122411 9.4 2.9 12.0 16.£ . 75 !5£.' -23.0 0.0 21.9 27. 51. 92. 112 . 123. 14. t 7 

IZZ412 8.0 3.3 12. 1 15.8 .52 5£.9 -30.6 0.0 1,.0 2£. 47. 93. 9~. 115. 9. 95 
122413 5.3 '. 1 12.8 14. 3 . 20 56.9 -38.3 0.0 13.2 53. 0. 98. 0 . 107. 3. 90 
IZZ414 .3 0.0 13.0 0.0 . 01 56.' -4~.9 0.0 . 8 0. 0 . 99. 0 . 0. .20 
122415 .0 0.0 8.2 O.Co 0.00 5'. 9 -53.6 0.0 . 1 0. 0 . f,J. 0. 0. . 04 

AZZ308 .2 0.0 18. 1 0.0 . Ot 5,,, 53.6 0.0 . 4 0. 0 . 139. 0 . 0. .23 
122309 .2 0.0 11.8 0.0 • Cot 5G .9 45.9 0.0 . 4 0. 0 . 91. 0 . 0. . 22 
AZZ310 1.5 11.6 11.7 12.t . 02 56.9 38.3 0.0 4.0 0. 0. 89. 0. 0. . 50 



RUN MUNIER 2 

------·------·--ftOOEL COHDITlOKS-------------- ---·---------------------PROTOTYPE COHO!TIOKS-------------------------------
FILE f'£AK U ~RR. f'EAK U: EHI> SUf1 POSITIOtf PEAK !5=-: AU. 15~ AU. PEAK 15~ ENO 5~ EHJ;I SUft 

HAKE COHC. TIME TIME TIME X y 2 COHC. TlHE TIME Tlf'l£ TIME Tll'IE 
( ~~ :. <SEC> <SEC) <SEt> < x-s) <tO on 00 (%) <SEC> (SEC> <SEC) (SEC) <SEC;. < x-s > 

A223 11 £.8 ~.4 1¢.3 l~L (I . 34 :56.' 30.6 0 0 16 -~ 43. 78. n. 8:5. 10i. '·" A22312 7.9 3.1 11.2 1S. 7 .£2 56.9 23.0 0.0 19.9 30. 40. 86. 102. 117. 11. 82 

A22313 6.6 2.8 11.5 l'L 7 .81 56.9 15.3 Q.O 20.3 23. 5' sa. 102. 131. ~~. 47 

f\2231-t 9.4 2.4 12.4 U.7 .S6 56.;;\ 7.6 0.0 22.0 2(•. 51. 95. 110. 121. 1'. 32 

A22315 1(t. 2 2.0 12.8 2.1. 1 .82 56.9 0.0 0.0 23., 20. 55. 'HL 101. 121. l:S.H 

822308 . 1 0.0 5.3 0.0 . 02 56.' 53., 0.0 . 4 0 . 0. 4 t . 0. <:•. . 3:1 

122309 .2 0.0 19.8 0.0 . 01 56.' 45.9 0.0 .4 (t, 0. 151. 0. 0. .27 

822310 2. 1 11.0 11.4 11. e: ,(IS 56.9 38.3 0.0 5.6 87. 0. 87. 0. 88. 1.04 

82231t t.2 !S.3 12.3 n.e . 42 56., 3Q.6 0.0 15.1 so. , .. 94. 'H. 110. 8. 13 

822312 7. 1 3.4 t 1. (• 17.:1 .51 56.' 23.0 0.0 17.2 34. £5. S5. 100. 124. 10.,, 

822313 S.4 2.8 12.2 18.9 . 73 56.9 15.3 0.0 U.9 24. 56. n. 110. 12£. 13. '1 
82231-t 

10 ·' 
2. 1 12.£ 11.7 .~0 S£.1J 7.6 0.0 24.1 21. H. 97~ 109. 121. 16.81 

8223U 9.1 2.0 8.9 20.4 .78 5i.' 0.0 0.0 21.3 1'. 4~L u. ''· 120. 14.85 

~23408 . 1 0.0 • (I 0.0 . 01 90.9 53.6 0.0 .2 0. 0 0 . 0. t>. .n 
A2340' .1 0.0 4Ct.4 0.0 .Co2 S'O.'.il 45.'J 0.0 .J Ct. 0. JO'L 0. 0 . 34 

f\23410 2.3 11.4 13.2 1!L6 . 0"9 90.9 38.3 0.0 6.0 11)1. 0 . 1 Ct1 • 0. 113 1. 77 

A23411 4.8 t.o 12.9 1i. 7 .34 '0.' 30.6 0.0 11.' 57. (I. "· 0. 124. 6.78 

A2l.U2 £.0 !5.3 1-4.4 1S. !5 . 49 90.9 23.0 0.0 14.9 44. 0. 110. 0. 137. 9.48 

A23413 5.7 4.2 13.3 18.-6 .56 9(1.9 15.3 I) 0 14.1 3'J. 0. t 02. 0 . lH 10.85 

Ul-414 5.4 3.8 12.9 19.2 . 54 90.9 7.6 Q.O 13 .:s 37. 0. ''. 0. 127. 10. :sa 
A234U 5.6 3.4 13.8 17. f, .~!5 90 .... 0.0 0.0 13 .a 30. (), toi. 0 . 127. 10. 80 

92HOS 
., 0.0 7.3 0. (1 . 03 90.9 53.6 0.0 .4 0. 0 . 56. 0. 0. ·" .,c. 

8234U . 2 0.0 t¢. 1 0.¢ . c.:.~ 90.9 45.9 0.0 . 6 Q. 0 . 77 . 0. Q . . " 
823410 4.4 9.3 13.0 15.4 .16 90.9 38.3 0.0 11 .1 74. 0. 1(1(<' 0. 112. 3.24 ...... 
823411 4 6 4.8 '·' 18.2 . 43 90.9 .'30.' 0.0 11 .6 44. 0. n. 0. 125. 8.45 N 
823412 4.9 4.2 14.3 17.2 .42 90.' 23.0 0.0 12.3 41. 1), 109. 0. 126. 8.28 1..0 

823413 5.3 3.6 13.9 HL 1 .49 '}0.9 15.3 0.0 13.1 36. o. 107. o. 128. '. 67 
823414 s.s l.S 1(1.3 HL4 .58 90.9 7.6 0.0 14.2 34. 0. 79. o. 131. t 1. 27 

823415 5.9 3.4 14.0 17. 1 .59 90.9 0.0 0.0 14.4 34. 0. 107. 0. 124. 11. 48 

A2U09 6.4 3.0 s.s 11.'- . 61 90.9 1).0 0.0 15.6 31. '' 67. 70. 124 11." 

A23309 5.9 2.9 14.3 17.7 .62 90. <J -7.6 0.0 14.4 29. 0. ltQ. 0. 126. 12.05 
A2l310 ~-' 3.£ 11.£ t9 .1 . 71 90.9 -15.3 0.0 1!L 7 30. u . 89. 116. 141. 13.£3 

A23311 5.f, 3.!5 , .. 7 li. f, . 56 90.9 -23.0 0.0 13.9 33. 0. 74. 0. 126. 10.17 

~23312 5.3 4.4 9.4 15.9 . 41 90.9 -30.6 <>.O 13 . 1 37. 0 . 72. 0. 113. !L 04 

A23313 4.6 5.9 1<•.' li. 2 . 34 90. ~ -38.3 (1,(1 11 . ~ 50. 0. 81. 0. 114 . ~." 
A2ll14 ~.6 8.4 13.3 15.(> .14 90.' -45.9 0.0 i.e 101. o. 1 C•2. 0 . 1 () 7. 2.79 

A23315 . 1 0.0 1 (>. 1 0.¢ . (•2 90.' ... 53., 0.0 . 4 0 . 0. 78. 0. 0. . ~H 

8233013: '·' 3.4 13.5 17.4 • li.O 90.9 0.0 0.0 16.1 30. 1 (It • 103. 107. 126. lt.U 

123309- t.i 3.8 13.3 17.4 .58 90., -7.6 0.0 16.0 35. 1 01 . 102. 106. 12 'J. 11.30 

823310 7~2 3.S t4. 2 20. 1 . 75 90.9 -15.3 0.0 17.3 33. 102. to'L 123. 138. 14.40 

123311 ,,2 4.3 13.2 18.5 .54 !JIO.~ -23.0 0.0 15.2 H. 1 (I 1 . 1 01 . 101. 127. 10 . ., 

823312 '. 1 4.6 12.6 17.6 ,44 90.9 -30.6 Q.O 15.0 40. %. 96. H. 124. s.:s, 
823313 5. 1 ~L 5 12. 1 15.13 .35 lJ0.9 -.'36 .3 0.(1 12.7 51. (), '3. 0. 116. 6.80 

823314 2.2 11. B 13.6 15.3 • (.•7 90.9 -45.9 1),0 5.7 '95 . 0. 104. 0. 104. 1. 43 

823315 . 1 0.0 U.4 0.0 . (•1 90.' -51 .i 0.0 .3 0. 0. 148. 0. 0. . 14 

1\24309 4.3 4.5 12.7 1EI. 2 • 45 140.3 0.0 <>.0 10.7 46 . 0. 'H. 0 . 132. s.u 
A24309 4 .1 5.4 13.' U.4 . 47 140.3 -7.6 0.0 10.4 42. 0. H4. 0. 138. 9.20 

U<UtO 4.5 4.7 13.8 19.6 . 4'1 140.3 -15.3 0.0 11.3 47 . 0. 106. 0. 144. CJ.£7 

A24311 3.7 '. 1 12.7 17. g • 35 140.3 -23.0 0.0 9.4 51. 0. •n. 0. 128. 7. 01 

A24312 3.5 5.3 1¢.3 16 '9 . 31 14l} '3 -lfJ ·' 
(),() 9.0 56. 0. 79 . 0. 12S. 6.U 



lUll NUIIIEit z 
----------------ftODEt COH01T10HS-------------- -------------------------PROTOTYPE COHOITtOHS-------------------------------

fiLE PEAK U ARR. PEAK U END SUit POSI Tl OH PEAK 5:< ARR. 15~ ARR. PEAK 15% EHO 5~: ENI> SUft 

HltftE COtlC. TIME Tilt£ Tti'!E X y z COtlC. TII1E TIHE TIME TIPIE TI11E 
0!) <SEC) <SEC) <SEC) <X-S > (10 00 (It) on <SEC> CS£C) (SEC) <SEC> <SEC;. < x-s > 

A2431l 3.3 6.0 13.£ 17.3 .27 140.3 -38.3 0.0 8.4 . 5'L 0 . 104. 0. 122. 5.•42 

A24314 3.6 6.8 13.6 17.7 .23 140.3 -45., ~.0 9.2 79. 0. t(t4. 0. 128. 4." 
A24l15 1.5 13.4 14.4 16.3 .0£ 140.3 -53.6 0.0 3.8 0. 0. 1 to . 0. 0. l.U 

824308 5.0 4.6 14.5 20.5 .54 140. 3 0.0 0.0 12.4 48. 0. 1 11 0. 13 7. 10." 
124JU 4.5 !5.0 14. s 20.2 .50 140.3 -7.6 0.0 11 .2 311. Q. 113. 0. 14 (,. '. 81 
124310 4.1 <4.9 t4. 7 19.4 .44 140.3 -15.3 0.0 10.3 4 8. 0. 112. 0. 135. '. 72 
124311 3.4 !5.4 13.0 18., .35 140.3 -23.0 0.0 8., 54. 0. HO. 0. 123. '." 
824312 3. 1 5.5 11. 1 17. (l .27 140.3 -30 .i 0.0 7.9 58. 0. 85. 0. 126. ' . .., 
824313 2.9: £.4 13.3 17.1 . 2' 140.3 -3S .3 0.0 7.3 69 . 0. 102. 0. 11 '. !L 10 

124314 3.0 8.2 13.8 16.1 u 140.3 -4!5. 9 0.0 7.8 67. 0. 1(15. 0. 116. 3. 81 

824315 ! . Q 14. s 14. s 1'. 1 • (14 140.3 -:53·' 0.0 2.7 0. 0. 113 . 0. 0. . 7:S 

A2HOI . 1 0.0 H..4 0 (t . 02 140.3 153.6 0.0 . 4 0 . 0 . 126. Q. 0. . 34 

A2HOJ .9 0.0 14.4 Q. (• . 02 140.3 -45.9 0.0 2.3 0. 0. 110. 0. 0. .H 

A24410 2.2 l¢.5 14.3 16.4 .12 140.3 313.3 0.0 5.7 106. 0. 110. 0. 117. 2. 34 

1124411 2.9 7.7 15.8 18.7 . 25 140.3 30.£ 0.0 7.6 72. 0. 1 Z1. 0. 13 7. '. 04 
A24412 3.1 t.4 12.6 lS.t .2'1 140.3 23.0 0.0 1.9 5'1. 0. 'H. 0. 128. :5.81 

1124413 3.4 6.0 13.3 17.7 .33 140.3 15.3 0.0 8.£ 58. 0. 102. 0. 123. '·., 
1124414 3.3 5.8 1~L 2 16.' . 34 140.3 7.6 0.0 8.5 ~3. 0. 116. 0. 133. '." 
fii244U 3.£ :5.4 14.7 18.0 .3S 140.3 0.0 0.0 'L2 51. 0. 112. 0. 128. 7 :52 

124401 . 1 0.0 10.5 0.0 . 01 140.3 :53.6 0.0 .3 0 . 0. 60 0. 0. lZ 

82440' . 2 0.0 11.£ 0.0 . 02 140.3 43.9 0.0 .5 0 . 0. $9. 0. Q. :n 
124410 2.2 8.2 13.5 15.:5 . 11 140. 3 38.3 0.0 5.7 102. 0. 103. 0. 112. 2.. 1' 
124411 2.:5 £.7 12.9 11.0 .22 140.3 30.£ 0.0 6.4 74 0. ". 0. 127. 4 36 ...... 
124412 3.0 :5.8 8.7 17.:5 . 27 140.3 23.0 0.0 1.7 56. o. f..6 0. 122. 5.3, w 
1244U "·' 5.4 1!5.0 1S. 3 .33 140. 3 13.3 0.0 S.l 52. 0. 115 . 0. 128. ,_n 0 

124414 4.0 5.6 13.0 HL2 . 35 140.3 7.6 Q.O 10.1 31. 0 . t<rO. (J • 133. 7.00 

8244U 3.6 4.3 13.3 U.C< .37 140.3 0.0 0.0 9.3 51. !) • 102. 0. 134. 7. 36 

A25408 ·' 0.0 10.4 0.0 .03 242.3 53.6 0.0 2.3 (r. 0. 1«1. Q. 0. .u 
A2:5409 1 . t 10.4 10.4 10.4 . 07 242.3 43.9 0.0 2.9 (o. 0. n. 0. 0. t. 35 

A2,410 1 .4 10.4 14.1 18.7 . 13 242.3 38.3 0.0 J.e 0. Q. 1¢8 0 . 0. 2.58 

A2!5411 1.::! 1C>.4 1~.8 19. (• .13 242.3 30.6 0.0 l.S (r. 0. 121 . 0. 0. 2.73 

A2:5412 1. 4 10.0 14.8 n.3 .1~ 242.3 23.0 0.0 3.8 0. 0. 113 . (I. 0. 3. 01 

A2:541l 1.7 8.9 16.2 19.4 .19 242~3 15.3 0.0 4.4 0. 0. 124. 0. 0. 3., .. 

A2:5414 2.0 9.0 16.5 U.'i' . 19 242.3 7.6 0.0 5.3 126. 0. 126. 0. 130. 3." 
A2!54U 2.0 8.9 16.4 1'J. 8 . 22 242.3 0.0 0.0 5.3 104. 0. 126. 0. 128 . 4. 50 

125401 .7 0.0 17.0 0.(1 . 03 242 .. 3 53.6 0.0 1 . 8 0. 0. 131 . 0. 0. .52 

1254ot 1.4 14.:!! 16.8 18.2 .OS 242.3 .. ,_, 0.0 3.7 0. 0. 128. 0. 0. t.U 

825410 1.5 11.8 1f,. 2 17.8 . 11 242.3 38.3 0.0 3., Q. Q • 124. 0. 0. 2.U 

825411 1.5 11.4 14.5 20.0 • 1!5 242.3 30.6 0.0 4.0 0. 0. 111 . 0. 0. l.U 

82:5412 1. 7 11.4 14.5 19., . 17 242.3 23.0 0.0 4.6 Q. 0. 111. 0. 0. 3.44 

825413 1.9 lC>.O 15.0 20.9 . 2t 242.3 15.3 0.0 5.0 0. 0. 115. 0. 0. 4.2, 

825414 2 .(• 8.8 14.6 2Q.4 .22 242.3 7.6 0.0 5.3 112. Q. 112 0. 115. 4.40 

8254., 2. 1 S.5 15.~ 20.2 . 23 242.3 0.0 0.0 5.4 119. 0. t 19 . 0. 12 3. 4. 62 

A2:S308 2.1 8. 1 12.9 19. s . 22 242.3 0.0 0.0 !5.4 9P.l. 0. 'J'L 0. 132. 4. 31 

A2:Sl09 2.0 S.i 14.3 20.:5 . 23 242.3 -7., 0.0 ~.2 99. 0. 110. 0. 135 4. 72 

A25310 2.4 8.2 H.l 21. t . 30 242.3 -15.3 0.0 fi.3 7!3. 0 . 123. 0. 144. '. '' 1'425311 2.4 S.7 17.2 21.2 .2fi 242.3 -23.0 0.0 6.2 91. 0. 132. 0. 151. 5. 25 

A2:S312 2. 1 9.5 1£.0 20.2 . ., 242.3 -30 ·' 0.0 5.6 121. 0. 122. 0. 145. 3.12 

A2:Sl1l 1.9 9.S 16.0 19.4 .19 242.3 -lS .J 0.0 5.0 122. 0. 122. 0. 123. l.U 

R2:S314 1.'3 10.9 1£.. 2 1'J. 2 . 15 242.3 -45. C) 0.0 4.6 0. 0. 124. 0. 0. 2.98 



RUN HU .. I£1 2 

·---------------HODEl COHDITtONS-------------- -------------------------PROTOTYPE COHDITIOHS-------------------------------
FILE PEAK 1~ AU. PEAK U EHD SUM POSITlOH PEAK ~~ A RR. 1 :5~ t.RR. PEAK 15 ~ EHr;. :5~ EHI> su" 
NIIHE CO tiC. TIME TIHE TIME X y z CONC. TIHE TIME TUIE TIME TIME 

( ~ ~ (SEC) <SEC> <SEC> < x-s > (" ) (" ) (tO o: ~ <SEC) (SEC> (SEC> <SEC > <SEC) < x-s > 

AZ:J31:5 1. 8 11.4 1:5.8 U.f. .13 242.3 -:53.6 0.0 4.8 0. I) 1 21 . 0. 0. z., .. 
82:5308 2 :5 8.0 u.. 8 19.9 .2:5 242.3 0.0 0.0 6.4 100. 0. 129. 0. 140. 4." 
82:1309 2.2 8.1 15.6 1'J. 9 . 22 242.3 -7.6 0.0 ~.8 87. 0. 119 . 0. 1313. 4.45 
82:5310 2.5 7.2 1'1-.4 21.2 . 30 242.3 -1:5.3 0.0 6.:5 8£. 0. 110. 0. 151. ' . 11 
82:5211 2.3 8.2 H.7 20.2 .25 242.3 -23.0 0.0 &.0 92. 0. 128. 0. 1-14. 5. C>l 

825312 1 . 9 8.8 17. 1 18.9 .17 242.3 -30.6 0.0 5.0 131. 0. t 31. 0. 133. 3.19 

825313 1. 8 8.9 13.3 U.l .18 242.3 -313.3 0.0 4.8 0. 0. 102. 0. Q. 3. 70 
825314 1.9 9.8 14.0 19. 1 .H 242.3 -45.9 0.0 4.9 0. 0. 1 CtS. 0. 0. 3.24 

825315 1.7 12.5 H.8 19. f, .13 242.3 -53 .i 0.0 4.5 0. 0. 129. 0. 0. 2.74 
A2f.3CtS 1 . t 15.4 18. s 21. (• .13 399.8 0.0 0.0 3.0 0. 0. 144. 0. 0. 2. 72 

AH30' 1 . 2 H.5 2(•. 0 21. 0 . 13 H~.8 -7.6 0.0 3.2 0. 0. 1:54. 0 . 0. Z.:57 
U£310 1. 3 14. (' 17.7 22.2 . 15 399.8 -15.3 0.0 3.6 0. 0. 1 3~. 0. 0. 3. 1Z 

AU311 1. 3 13.& 20.t 21.2 .16 :n'. 8 -23.0 0.0 3.6 0. 0. 158. 0. 0. 3.2, 
Aallz 1.3 14. (' 17.2 20.£ .15 399.8 -30., 0.0 3.4 0. 0. 1 31 . 0. 0. 3. 05 

A2£313 .9 0.0 20.4 0.0 .07 HCJ. 8 -38.3 0.0 2.5 0. 0. 1:57. 0. 0. 1. 31 

A2£314 1 . 1 1£.4 16.4 18. 1 .13 399. s -45.9 0.0 2.9 C•. 0. 1 26. 0. 0. z.u 
A2£315 1 . 1 17.2 17.8 18.9 .12 39').8 -53.6 0.0 2.9 0. 0. 137. 0. 0. 2.40 
12£308 1 . 2 13.6 18 ... 21. 8 . 13 HCJ. 5 0.0 0.0 3.1 0. 0. 1 41 . 0. 0. 2. 70 

82£.30') 1 . 1 1:5.2 1f,. 8 21.0 . 13 3,. :5 -7.6 O.Q 3.0 0. Q. 1 2'. 0. 0 . 2. 71 

12£310 1. 5 14.0 19.4 22.0 . Hi H9.5 -15.3 0.0 3.9 0 . 0. 149. 0. 0. 3.34 

12f.J11 1 . 5 14.-4 2<:<.2 22.6 .. 16 399.5 -23.0 Q . r1 3.') 0. o. 155. 0. 0. 3.31 

8H312 1.3 14.8 22.0 23.2 . 15 399.5 -30.6 0.0 3.£ 0. 0. 169. 0. (1, 3.13 

82f,313 1.3 14.3 17.3 22.5 . H 399. 5 -38.3 0.() 3.3 0 . 0. 133. 0. 0. 2.,1 

12£314 1.(> 17.-4 17 ... 20.2 . 11 399. !5 -45.9 0.0 2.8 0 . 0. 134. 0. 0. 2.24 ........ 
12£315 1 . 1 17.4 17.7 20.2 . 10 H9.5 -53.& 0.0 3.Q 0. 0. 136. 0. 0. 1." w 
a2f.40S • < 0.0 10.4 0.0 .03 399.5 53.6 0.0 1.' (•. 0. 80. 0. ¢. . ~1 ...... 
Uf.40') .7 0.0 1(1. 5 0.0 .04 399. 5 45.9 0.0 1 . ' 0. 0. 80. 0. 0. . 7i 

A2£410 1 . 0 0.0 18.5 0.0 . 08 HCJ.5 38.3 0.0 2.6 c.. 0. 142. 0. 0. 1. 60 

A2(,411 1. 0 19.9 19.9 21.2 . 11 39').5 30.6 0.0 2.8 0. 0. 153. 0. 0. 2.30 

A2'412 ·' <'.0 18.3 0.0 . 11 399.5 23.0 0.0 2.5 0. 0. 140. 0. 0. 2. 22 

A2H13 1 . 1 18.4 18.4 22.4 . 12 3,. 5 15.3 0.0 2.8 0. 0. 141 . ¢. 0. Z.54 

112£414 1 . 1 20.0 20.0 21.0 . 11 399.5 7.6 0.0 2.9 0. 0. 1:54. 0. 0. 2. 17 

U£415 1 . 1 18.2 lfJ. 2 20.& . 12 39,. :5 0.0 0.0 2.9 0. 0. 140. 0. 0 2.3, 

IH40S .6 0.0 20.2 0. (• .03 399.!i ~3.6 0.0 1 . 5 0. 0. 1 :55 . 0. ¢. .57 

12£4(>9 .5 0.0 17. f., 0.0 . 04 3,. 5 45.9 o.o 1 . 3 0. 0. 1 35 . 0. 0. . 14 

12£410 .9 0.¢ 17.8 0.0 . (18 399. !i 38.3 0.0 2.5 0. 0. 136. 0. 0. 1 . :54 

12£411 1. 0 0.0 20.4 0.0 . 0' 399.5 30.i 0.0 2.6 0. 0. 157. 0. 0. l.U 

12f.4U 1. 0 18.4 18.4 tEl.' . 11 399.:5 23.0 0.¢ 2.7 (r. 0. 1 41 . 0. ¢. 2.21 
82(,413 1.1 16.6 18.-4 21.3 .12 3'J9. 5 15.3 0.0 3.0 0. 0. 1 41 . 0. 0. 2. :5Z 

82£414 1. (' 17.8 17.8 22.5 .11 399.5 7.6 o.o 2.8 ¢. 0. 136. 0. 0. z. 24 

826415 1. 2 16.8 17.0 22.0 . 13 3,. 5 0.0 o.o 3.1 0. 0 . 130. 0. 0. 2. 73 



RUH HUftBER 3 

·---------------"ODEL COHOITIOHS-------------- -------------------------PROTOTYPE COHOITIOHS-------------------------------
F'IL£ PEAk U AU. PEAK U EHD SUH POSIT! OH PEAK 5% ARR. 15~ ARR. PEAK 1~% EHtc 5% EHO su .. 
MAl£ COtiC. T IftE TUE T I 11£ X y z COHC. TIHE TII'IE TII'IE T I I'IE TIHE 

0:.) <SEC) <SEC) (SEC> < x-s > <fO <H) (") (%) <SEC> <SEC> <SEC> (SEC) <SEC) < x-s) 

A:JUOI 6.1 13.4 18.4 38. 1 1. 08 36.6 53.6 0.0 19.3 103. 117. 141. 161. 264. 20.U 

nun 
' 0 

9.:5 17.6 44., 1.£2 36.6 4:5.9 0.0 21.0 80. 112. 135. 184. 320. 30.71 

UU10 13.0 7.8 17.3 49.9 2.£4 36.6 38.3 0.0 28.7 63. 85. 133. 227. 35 7. 41. 1:5 

UUtl 13.7 6.0 16.2 48.9 3.11 36.' 30.6 0.0 30.0 4fJ. 70. t 24. 244. 36:5. 55." 
uuu 15.0 5.4 1£.2 :53.5 3.69 36.' 23.0 0.0 32.3 42. 51 . 124. 2:58. 380. ".41 

A3UU 1i .5 4. 1 14.6 57.4 4.10 36.' 1:5.3 0.0 34.7 n. 40. 112. 260. 402. 72.:50 

A:JU14 11).0 3.4 14.3 ,,,7 4.76 36.' 7.6 0.0 38.8 27. 34. 109. 302. ·412. 12.71 

A3UU 18.0 3.0 15.5 61.2 4. 77 36.£ 0.0 0.0 37.2 24. :n. 1U. 298. 415. 83.38 

131301 8.8 11. 1 18.5 37.' t..U 36.' 53.6 0.0 20.7 85. 107. 142. 203. 279. 21.n 

131309 <J.l 9.8 18.4 42.0 1. 71 36.(. 4:5.9 0.0 21.4 7 f,. 102. 141. 195. 311. 32.01 

131110 12 9 7.3 t£. 7 .., . 4 2. Ei9 36.' 38.3 0.0 28.6 57. 7:5. 128. 228. 345. 41.60 

13U11 13.7 f,. 1 1£.2 !51.0 3.0:5 36.(. 30.6 0.0 30.0 52. ". 124. 237. 366. :54 . 73 

131312 1:5 1 5.2 H.S 52.0 3.56 36.6 23.0 0.0 33.6 41. 51 . 114. 2H. 38 2. U.13 

131313 17. 1 4.0 13.:1 53.8 3.8, 36.ft 1:5.3 0.0 3!5., 32. 38. 103. 243. 371. ". 37 
UU14 1S .5 2.9 H.7 :54.S 4.5:S 36.6 7.6 0.0 38.1 24. 30. 113. 282. 380. 7'. 07 

nun 1:5.7 2.7 14.8 54.8 4.44 3i.i 0.0 0.0 33.5 25. 34. 114. 2,3. 37'J. 71.31 

U1201 . 1 0.0 68.8 0.0 0.00 36.£ 107. 1 0.0 .3 0. 0. :527. 0. 0. . 03 

AU2U . 1 0.0 66.6 0.(1 . 03 36. f, .,,_. 0.0 .4 0 . 0 . !510 . 0. Co. . 33 

Ut210 . 1 0.0 42.5 0.0 .<'2 36.' 91.8 0.0 . 3 0. 0. 326. 0. 0. . 34 

A3Utl 2 0.0 33.3 0.0 . 02 36.f. 84.1 0.1> . :5 0 . 0 . 2~:5. 0. 0. .:51) 

UU12 .2 0.0 26.0 O.Ct . 01 36.6 76.:5 0.0 . 4 (', 0. tH. 0. 0. . 21 

UU13 .:5 0.0 23.:5 0.0 . 02 36.£ 
t8 ·' 

0.0 1. 2 0 . 0. 1 I!J(J • 0. 0. . 31 

U1214 3.4 17.8 20.4 28.3 . 21 36.6 61.2 0.0 8.7 14(1. 0. 156. 0. 186. 4. 30 

uuu 6.2 14.7 17.4 35.4 . 79 36.6 53.6 0.0 15.2 114. 133. 133. 135. 259. 15.29 

UHOI 1S .9 2.8 14.7 58.3 5. 11 36.6 0.0 0.0 38.7 23. 36. 113. 338. 432. 81.43 ......, 
U14t' te .3 3.0 14.8 ~~. 1 4.U 36.(. -7.6 0.0 37.7 24. 34. 114. 293. 405. 8t. 61 w 
Al1410 21.7 2.9 14.4 58. 1 :5. 12 3£.6 -15.3 0.0 42.8 24. 29. 110. 293. 420. 87.U N 

A31411 20.3 3.2 14.4 58.2 4.5€- 3i.£ -23.0 0.0 40.7 27. 36. 110. 261. 415. 78.84 

Ul412 16.:5 3.8 15.3 50.0 3.33 36.£ -30.' 0.0 34.8 3¢. 40. 117 . 217. 374. 59.43 

U1413 12.8 4.9 15.8 50.3 2. 47 36.' -38.3 0.0 28.3 3 8. 53. 1 21 . 175. 33':1. 45.34 

U1414 12 2 6.7 1£.2 38.0 1. 90 36.' -45.9 0.0 27.3 52. ''· 124. 1St.. 274. 35. 01 

A3141S 9.7 8.6 u.s 3:5.4 1. 2!5 36.(. _,3.6 0.0 22.6 H. too. t:n. 162. 2~ 9. Z3.4i 

IU401 1!i.9 2.~ 19.3 £0.¢ 4.6:S 36.' 0.0 0.0 :n. e 20. 33. 148. 325. 400. 81. ~4 

lll4n 14.8 3. 1 15.9 !li. 1 3.89 :n.t -7.6 0.0 31.' 24. 31. 122. 305. 377. U.i4 

131410 H' .6 2.7 12. 1 !57.4 5.11 U.£ -15.3 0.0 39.8 2£. 36. 93. 307. 418. 81.07 

131411 1S .~ 3.3 15.5 57.7 4.50 36 .f. -23.0 0.0 38.1 2f,. 33. 119. 27&. 414. 71.11 

Ut412 16.9 3.8 16.0 54.0 3.48 U.£ -30.6 0.0 35.4 32. 41. 123. 217. 402. 62. 2' 
131411 14 .1 5. 1 1f,. 1 47.2 2. 77 36.£ -38.3 0.0 30.7 42. 55. 123. 1')8. 348. 50.20 
131414 12.1) 5.6 1£.7 42.6 2.3:5 36.£ -45.9 0.0 28.:5 44. u. t 28. 196. 319. 42.,. 

131415 10.7 7.2 17.5 38.0 1. 71 36., -53.6 0.0 24.:5 58. 86. 134. 1•H. 281. 31." 

A31SOI 11 . 4 7.4 17.3 39.0 1. 81 36.' -53.6 0.0 25.9 5S. 78. 133. 185. 257. 33. 34 

uun 7 1 9.6 18.3 31. 'JI .'Jil 36.6 -f.l. 2 0.0 17.1 17. t 21. 140. 143. 224. 17.55 

unto 4.1 11.7 18.2 2,.8 .52 36.£ -U.9 0.0 11.7 109. 0. 140. 0. 207. 10. 35 

UUll 3.2 17. 8 19.0 30. 1 . 30 36.£ -n.s 0.0 8.3 141. 0. 145 . 0. t•n. '. 07 
UtH2 2.3 21.5 21.7 28.€. .16 lL f. -84. 1 0.0 6. 1 1(, :5. 0. 1". 0. 11H.: 3.20 

uuu .9 0.0 28.8 0.0 .f/7 36.f. -91.8 0.0 2.5 0. 0. 22(•. 0. 0. 1. 45 

U1St4 .2 0.0 4'}. 6 0. C• .02 36.£ _,, .4 0.0 . s 0. o. 380 . 0. 0. .45 

uuu . 1 0.0 . 0 0.0 .02 36.6 -107. 1 0.0 .2 (1, 0. 0. 0. o. . 35 

U2501 s. 1 8.6 17.2 -47.7 t. 72 !If.. 9 -53.6 0.0 19.3 73. 99. t 31 . 182. 332. 32." 

U2S09 1.5 9.3 18.2 43.2 1. 52 5i.9 -61.2 0.0 113 . 1 7'JI. 1113 . 14Ct. 185. 305. 28. 82 



RUN HU"IU 3 

----------------I'IDDEL COHDITlOHS-------------- -------------------------PROTOTYPE COHOlTIOHS-------------------------------
fiLE PEAK 1~ ARF.. PEAK U EHO SUI'! POSITION PEAK 5~ ARR. 1 5~ AU. PEAK 15~ nw s~ EHto SUit 

HJIIRE COHC. TII'IE TII'IE TI!1E X 
,, z CONC. TII1E TUE TII'IE TIME TII1E 

( ~ ) <SEC i <SEC) <SEC) < x-s > on· (!1) (") 0.) <SEC) <SEC> <SEC> <SEC i <SEC i < x-s > 

AJZHO 7.2 12. 1 18.7 :n.o 1. 29 :56.9 -E-8.9 0.0 17.4 10:5. 129. 143. 204. 271. 24. 51 

U2:S11 5.3 14.6 1'JI.6 37.2 .82 !56.9 -76.5 0.0 13.1 11 8. 0. 150. 0. 262. 15. 92 

Al2:S12 4.7 16.2 20.2 32.5 . 54 56.9 -84. 1 0.0 11 . i' 130. 0. 155. 0. 237. 10.:57 

A32:S13 3. 1 1 '. 8 22.5 31.0 . 30 :56.9 -91. a 0.0 8.0 157. 0. 172. 0. 205. '. 0' 
11132514 1. 7 24.9 2£..4 29.5 . 13 56.9 -99.4 0.0 4.4 0. 0. 202. 0. 0. 2. 70 

A32:S15 . 1 0.0 :50.0 0.0 . 03 56.9 -107.1 0.0 .3 0. 0. 383. 0. 0. . 53 

A3Z408 10.5 4.8 18.3 £.2.3 3. 15 56.9 0.0 0.0 Z4 .1 4 0. 74. 140. 256. 4:H. :58.H 

Al2409 S.i' !5.!5 17. 1 59.4 2.38 56.9 -7.6 0.0 20.5 4:5. so. 1 31 . 204. 388. 44.99 

AJ2410 9.7 5.0 1f,. 8 60.!5 2.80 56.9 -15.3 0.0 22.:5 41. 65. 12'}. 224. 408. 52.52 

A32411 9.1 !5.6 17.8 !56.4 2.!51 56.9 -23.0 0.0 21.4 4!5. 74. 136. 216. 413. 47.38 

A32412 8.4 5.0 18.6 55.€- 2.37 5£..9 -30.6 0.0 19.8 46. 76. 142. 220. 413. 44. 79 

11132413 '·' !5.6 15.6 58.7 2.20 56.9 -38.3 0.0 18.4 51. 'H. 119 . 197. 400. 41. 'JI:S 

11132414 7.S t.e 17. 1 56.3 2.00 56.9 -45.9 0.0 17.9 5!5. 94. 1 31 . 186. 41 'L 38.22 

U2415 7.1 7.8 17.2 51.4 1. 74 56.9 -53.6 0.0 17.2 65. 110. 132. 174. 354. 33.34 

132408 11 . 3 4.6 16.4 58.0 3.37 56.9 0.0 0.0 25.6 41. 73. 126. 266. 432. 62. 11 

132409 9.2 5.4 15. 1 59.3 2.62 56.9 -7.6 0.1> 21.4 49. 86. 116 . 223. 396. 49.37 

832410 9.5 5.0 17.2 u. e 2.86 56.9 -15.3 0.0 22.1 4 3. 63. 131 . 225. 397. 53.61 

132411 9.4 5.4 17.3 57.2 2.63 56.9 -23.0 0.0 22.0 4 7. 85. 133. 220. 40 2. 49. 64 

832412 ~. 1 5.7 17.8 58.0 2.46 56.9 -30.6 0.0 21.2 4 7. 87. 136. l'H. 417. 46.82 

832413 s.s 6.5 H.7 57.8 2. 1' 56.9 -38.3 0.0 20.1 56. 98. 128. 199. 412. 41 . 21 

832414 e. 1 7.8 17.3 56.5 1 . 91 56.9 -45.9 0.0 19.3 63. 113. 132. 201. 35(j'. 36.40 

132415 .. .. 8.3 18.2 52.2 1. 78 56.9 -53.6 0.0 18.3 71. 120. 140. 185. 361. 34. 04 
<.I 

AJ230S 7.7 12.2 23.0 44.4 1. 35 56.9 53.6 0.0 18.4 109. 145. 176. 207. 317. 25 75 

U~J09 7.0 11. 1 22.0 46.2 1. 39 56.9 45.9 0.0 16.8 102. 143. 168. 178. 33 0. 26. 7l 

A32310 9. 1 9.6 20.8 48.9 2.01 56.9 313.3 (•. 0 21.3 75. 116. 15,. 231. 367. 37.74 ~ 

AJ2311 9.8 7.9 18.5 52.0 2.42 56.9 30.6 0.0 22.7 6 8. 102. 142. 23 7. 377. 44." w 
A32J12 1 (•. 3 7.6 19.7 53.9 2. 77 56.9 23.0 0.0 23.7 5'L 87. 1 51 . 26 0. 37'L 51 . 17 w 
Al~J13 1C>. 4 6.4 19. 9 55.2 3. 15 56.9 15.3 0.0 23.8 51. 71·. 152. 26 3. 416. 57.9' 

Al2314 11 . 1 5.7 19.4 5'L3 3.43 56.9 7.6 0.0 25.2 48. 71 . 14,, 277. 427. 62. 95 

Al~JlS 9.4 5.2 21.0 63.4 3.33 56.9 0.0 0.0 22.0 4 4. 79. 1£1. 269. 467. 61.98 

A3ZZ08 . 1 0.0 88.0 0.¢ . (• 1 56.9 1 (•7 . 1 0.0 . 3 0 . 0. 674. 0 . 0. . 12 

A32H9 . 1 O.C> 3.6 0. (1 . (' 1 56.9 99.4 0.0 . 3 Co . 0. ..... 0. C>. . 11 

A32Z10 .s 0.0 27.6 0.0 . (•2 56.9 91.8 0.0 1. 3 0. 0. 211 . 0. 0. . 47 

A322lt .6 0.0 26.9 0. (• .04 56.9 84.1 0.0 1 . 6 0. 0. 2C>6. 0. 0. . 89 

A32212 2.5 21.5 23.9 28.8 . 18 56.9 76.5 0.0 6.4 169. 0. 183. 0. 214. 3.£.4 

An2t3 3.4 18.6 22.8 31. 6 . 37 56.9 68.9 0.0 8.6 15 0. 0. 174. C>. 235 . 7. 34 

A32214 4.9 15.2 20.6 38.8 .85 56.9 61.2 0.0 12.3 123. 0. 158. 0. 286. 16. s' 
A3~215 5.5 13.5 21.2 38.0 . 95 56.9 53.6 0.0 13.6 10£. 0 . H.3. 0. 275. 18.4:5 

UJJOS 4.2 15.0 24.7 44.5 . Sl ~0.~ 53.6 0.0 10.6 138. 0. 18,. 0. 29~. 15." 
Alllt9 4.1 14.2 24.1 46.9 . 90 90.9 45.9 0.0 10.5 121. 0. 185. 0. 30:5. 17. 8' 

A33310 4.6 13.9 23.8 51 . ')' 1. 15 90.9 38.3 0.0 11 . 5 116. 0. 183. 0. 335. 22.67 

,.33311 s. 1 11.9 24.2 SL 4 1. 51 90.9 30.£ 0.0 12.8 104. 0. 185. 0. 388. 29.51 

A33312 5.£ 11. 5 23.7 58.0 1. 74 90.9 23.0 0.0 13.7 93. 0. 181 . 0. 417. 33.77 

A33l13 5.5 'L9 22.5 63.2 1. 87 1)0.9 15.3 0.0 13.5 83. 0. 173. 0. 440. 36.45 

A33314 5.4 'LO 21.5 65.4 1.92 90.'1 7.6 0.0 13.4 7 8. 0. H5. 0. 415. 37.32 

AJ3315 4.9 8.8 23. 1 66.5 1. 88 90.9 0.0 0.0 12.2 78. 0. 177. 0. 449. 36.67 

-33208 . 1 0.0 21.6 0.0 . 01 90.9 107.1 0.0 . 3 0 . 0. H6. 0. 0. . 27 

AJ3209 .. 0.0 6.2 0.0 . 02 90.9 91).4 0.0 . 4 0. 0. 47 . 0. 0. . 3:5 

A33210 :2 0.0 8. 1 0.0 .02 'l'0.9 'H.8 0.0 . 4 0 . 0. 62. 0. 0. . 36 

U3211 .4 0.0 23.6 0. (• . (' 1 9().9 84.1 0.0 t.c- 0. 0. 181 . 0. 0. . 2' 



RUN NU"IU 3 

----------------MO~EL COHOITIOHS-------------- -------------------------PROTOTY~£ COH&ITIONS-------------------------------
FILE PHil( u ~u. PEAK U EHD SUit POSt Tl OH PEAl( :S::.C ARR. 1 :J~ ARR. PEAK 1 :S?. EHO :Ji: EHI> SUit 

N,_XE CGNC. TIME TIME TIM£ X y z COHC. TIME TIME T li'IE TII1E TIME 
{~) <SEC i (SEC) <SEC) O<-S) (10 (") (";. (i:) <SEC> <SEC> <SEC) <SEC> <SEC I < x-s > 

1'33212 2.3 21.0 2•LO 30.3 .18 '0.' 76.:S: 0.0 6.0 170. 0. 184. 0. ZJO. 3.:56 

A3J213 ~-3 19.£ 28., 33.4 . 29 90.9 U.9 0.0 6.0 t 57. 0. 219. 0. 231. '.11 
A33214 3.0 18.3 27.4 40.!5 .50 'JO.'J 61.2 0.0 1.6 149- 0. 21Q. 0. 286. U.<t, 
A33215 3.3 u;. 3 ~6. 1 -40.5 .£1 90.9 :53.6 0.0 8.5 t 4(J. 0. 200. 0. 27£. 13.34 

A33408 5.7 7.4 2:5.0 :J'L7 1.95 'JO.'J 0.0 0.0 14.0 ,, . 0. 1 'Jl . 0. 42£.. 37.10 

All409 4.9 8.4 24.7 :57.6 1.£2 90., -7.6 0.0 12.2 8:5. 0. 189. 0. 3'H. 31.,7 

A33410 4.'J ''- 1 24.0 56.7 1. £.1 'JQ.'J -l:S:.3 0.0 12.1 83. 0. 184. 0. 3'H. 31.44 

A3341 1 4.6 8.3 21.5 !56.8 1. 59 90.9 -23.0 0.0 11 . ' 8(1. 0. 1£5. 0. 3'J:5. 31. t:S 

AJ3412 4.7 'J.2 1'J.6 !5'J.2 1. 60 'JO.'J -30.6 0.0 11 . 7 7'J. 0. 150. 0. 3,. 31. Zl 

AJ3413 4.4 9.2 22.4 61. (o 1. 48 '10.!1 -38.3 0.0 11 . 1 17. 0. 1 71 . 0. 347. 29.12 

A33414 4.t 11.2 20.0 ''·' 1. 28 'JO.'J -4~-' 0.0 11 . ~ n. 0. 1!53. 0. 2'J 7. 2!,. 1' 

AllH~ 4.0 11.6 2(1.4 -47.7 . !11 90.9 -:53.6 0.0 10.0 111. 0 . 156. 0. 294. 11.02 

A33:508 3.8 12. & 1CJ.'J 44. 1 .80 'JC. CJ -!53.6 0.0 '·' 111 . 0. 1:52. o. 273. 1'." 
AJ3509 3. 1 12.3 21.0 -42.Co . .., 90.9 -61 .2 0.0 8.1 11 7. 0. 161. 0. 232. t2. t7 

A3351Q 3.7 13. 1 21.1 44. 1 . 76 <;!O.'J -iS. 9 0.0 9.3 120. 0. ttl. 0. 3H. 1'. 01 

Al3:511 3.5 15.6 19.3 43.2 .63 90.9 -76.5 0.0 8.9 127. 0. HS. 0. 305. 12. 57 

A33512 3.8 16.2 20.4 42.8 . 72 90.9 -84.1 0.0 'J.7 133. 0. 1 !56. 0. 304. 14.32 

All513 3.5 18.0 22.0 38.2 . 58 90.9 _,1.8 0.0 9.0 1·49. 0. 169. 0. 267. 11 .• , 

A33514 3.6 20.2 32.8 37.6 .47 'JO . ., _, .4 0.0 '. 1 161. 0. 2~1. li. 26.,, ,.40 

A33515 2.7 23.3 24.2 32.2 .u 90.9 - 107. 1 0.0 '·' 181. 0. 186. 0. 221. 3. ,. 

A34408 3.4 1 2. 1 24.:5 61.!5 1.29 140.3 0.0 0.0 8.7 123. 0. 188. 0. 415. 2S.U 

AHH9 3. 1 12.9 Lt. L 62.6 1. 17 140.3 -7.6 0.0 7.9 130. 0. 209. 0. 371. 23.43 

11134410 3.2 12.9 28.9 62.8 1. 22 140.3 -15.3 0.0 8.3 124. 0. 222. 0. J'JZ. 24.28 

Al4411 2.9 15. 1 29.0 57.9 1. 02 140.3 -23.0 0.0 7.4 1-42. 0. 222 0. 377. 20.34 ......... 
A34412 2.5 14.6 25.2 58.8 .8'J 140. 3 -30.6 0.0 6.6 142. 0. 1 CJ3. 0. 311. 17. '1 w 
A34413 2.6 15. 1 25.1 60.£ . 93 140.3 -38.3 0.0 6.8 136. 0. 1 'JI2. 0. 332. u.u -+:::-
A34414 2.9 15.2 26.0 53.3 . 87 140.3 -45.9 Q.O 7.4 142 . 0. 1''· 0. 325. 17.3' 

A3H15 2.6 16.5 28.4 52. 1 . 78 140.3 -!53.6 0.0 6.8 149. 0. 218. 0. 298. 1:S .u 
A34~0S z.e 14.£. 2£.4 58.3 .8, 140.3 -!53.i 0.0 7.4 13:5. 0. 203. 0. 310. 17.12 

AJ-4:509 2.3 1!5.8 31.1 50.2 ·'' 140.3 -61 .2 (' .0 6.1 156. 0. 238. 0. 247. 13.12 
A34510 2.8 1f,. (• 2,.2 4i. 3 .64 140.3 -68.9 0.0 7.2 160. 0. 223. 0. 304. 12 81 

1113<4511 2.3 19.6 33.2 41.6 ·" 140.3 -7£.5 0.0 5.9 19 5. 0. 255. Co. 282. 11.21 

A34512 2.0 22.3 33.4 44.1 . 47 140.3 -84 .1 0.0 5.3 2:52. 0. 2!56. 0. 274. ,.41 

Al4513 1. s 23.5 32.0 43.0 .3S 140.3 -91.8 0.0 4.6 0. 0. 245. 0. Co. 7. 74 

A34514 1.6 23.6 29.1 44.1 . 35 140.3 -99.4 0.0 4.3 0. 0. 223. 0. 0. 7. 03 

A34515 1. s 22.6 3(1.6 45.2 .36 140.3 ·1H .1 0.0 4.6 0. 0. 234. 0. 0. 7.20 

A3430S 2.6 20.3 30.8 48.8 . 58 140.3 53., 0.0 6.7 181. 0. 236. 0. 287. 11. 7i 

A34309 2.3 21.0 29.2 50.4 . 5! 140.3 4:5.9 0.0 6.0 18£ . 0. 224. 0. 281. 11.11 

A34310 2.8 li. 8 31.7 55.3 . 86 140.3 38.3 Q.O 7.3 153. 0. 243. 0. 34'J. 17.24 

AH311 ., <l 16.5 27.4 55.3 .90 140.3 30.6 0.0 7.5 14£. 0. 210. 0. 360. 17.,4 

A34312 3:3 17.4 2f,.' 57.0 .97 140.3 23.0 0.0 8.4 150. 0. 206. 0. 354. u. 31 

Al4313 3.4 15.0 29.5 61.9 1. 14 140.3 15.3 0.0 8.7 137. 0. 22£. 0. 394. 22." 

11134314 3.4 13.5 3(o.2 £3.4 1. 18 140.3 7.6 0.0 8.7 138. 0. 232. 0. 3135. 23.45 

AH31S 3. 1 13.8 31.3 £1.2 1. (•9 140.3 0.0 0.0 8.0 14(1. 0. 240. 0. 362. 21.74 

A 342 08 . 1 0.0 1'. 4 O.Co . (• 1 140.3 107 .1 0.0 . 3 0 . 0. 6QS. 0. 0. . 10 

AHH9 " ¢.0 14.1 0.0 • (o 1 140.3 99.4 0.0 .s (o, 0. 108. 0. 0. .2i 
·' A34210 .7 0.0 32.8 0.0 .05 140.3 91.8 0.0 1.8 0. 0. 251. 0. 0. . '" 

AH211 1.2 27.9 30.3 34.4 .16 140.3 84.1 0.0 3.2 0. 0. 232. (1, 0. 3. 2' 

AH212 1.2 2&.4 27.£ 33.3 . 17 140.3 76.5 0.0 3.3 0. 0. 211. 0. 0. 3.44 

AH213 1 ~ 5 24.0 27.8 37.2 . 26 140.3 £S.9 0.0 3.9 Co. 0. 213. 0. Q. :5.27 



RUH HU"IER 3 

----------------"ODEL COHOITIOHS-------------- -------------------------PROTOTYPE COHDITIOHS-------------------------------
FILE PEAlC: 1% ARR. PEAK a END SUM FOSITIOH PEAK 5% ARR. 15~ ARR. PEAK 15% EHO 5% EHO S UK 
HA"E CO tiC. TIME TIME TII'IE X y z COHC. TI11E TII1E T li'IE TII'IE Tli1E 

( ~; :· <SEC> <SEC) <SEC> < x-s > (J1) on (") o:) <SEC) <SEC) C SEC> <SEC> <SEC> < x-s > 

AH214 1. 9 22.5 29.2 41. 7 .35 140. 3 £1.2 0.0 4.9 0. 0. 223. 0. 0. 7. u 
A34215 2. 1 21.0 31.3 43.4 . 44 140.3 53.6 0.0 5.5 211L 0. 240. Q. 27CJ. a. 82 
U530S 1 . 2 34.' -41.£ 45.4 .23 242.3 !53.6 c:-.o 3. 1 Ct. 0. 31S. 0. Ct. 4.U 
A3~309 1 . 1 38.0 38.0 43. 1 . 25 242.3 45.'J 0.0 2.'} 0. 0. 2CJ1. 0. 0. 5.03 

A3,l10 1. 4 30.2 39.£ 53.4 .35 242.3 38.3 0.0 3.8 0. 0. 303. 0. 0. 7. 13 
l\35311 1. 4 29.3 39.0 50.7 .36 242.3 30.6 0.0 3.£ ~·. 0. 2CJ'L 0. 0. 7.28 
l\3!5312 1. 4 32.4 41.8 H.~ . 34 242.3 23.0 0.0 3.7 Q. 0. 320 . 0. Q. 7. 01 

A35313 1 . 4 27.5 34.3 51.7 .40 242.3 15.3 0.0 3.8 0. 0. 263. 0. 0. 8.07 
l\3!5314 t. 6 2£.3 33.4 53.3 . 47 242.3 7.6 0.0 4.3 0. 0. 256 . 0. 0. 9.47 

A35315 1 . ' 
23. (r 41.8 57.5 . 56 242.3 0.0 (t,(t 4.2 0. 0. 320. 0. (r. 11.27 

113530& 1 . 3 33.8 35.6 48.2 .2S 242.3 53.6 0.0 3.4 0. 0. 273. 0. 0. S.£3 
83:5309 1. 3 32.3 35.4 48.8 . 31 242.3 45.9 0.0 3.:5 0. 0. 2 71 . 0. 0. 6.26 

1135310 1. 5 30.6 43. 1 52.6 . 41 242.3 38.3 0.0 4 . 1 0 . 0. 330. 0. 0. 6.41 

83:5311 1 . 4 31i.2 31.7 50.5 .41 242.3 30.£ Co.O 3.8 0. 0. 243. 1), 0. e.n 
135312 1 . 6 30.5 3£.3 55.6 . 48 242.3 23.0 0 .c:- 4. 1 0. 0. 276. 0. 0. 'L 86 

83:531Z 1 . 6 25.0 30.5 41. £ .41 242.3 15.3 (1.0 4.3 0. 0. 2-34. 0. 0. e. 41 
835314 1 . 6 24.0 33.0 63. 1 . 61 242.3 7.6 c:-.o 4.3 (r. 0. 253. 0. 0. 12. H 

83!5315 1 . 7 25.4 35.9 61.£ .£1 242.3 0.0 ¢.0 4.4 0. 0. 275. 0. 0. 12. 36 
A35HrS 1 . 9 25.3 37.2 66. 1 .6S 242.3 0.0 0.0 4.9 (', 0. 285. 0. 0. 13. 82 
A35409 1 . 7 25.3 H.5 65.1 .64 242.3 -7.6 0.0 4.4 0. 0. 302. 0. 0. 12. 90 

AJ5410 1 . a 27.7 H.5 68.4 .. b~ 242.3 -15.3 0.0 4.S Ct. 0. 302. 0. 0. 13.91 

A35411 1 . 9 2 7. 1 40.4 61.8 .67 242.3 -23.0 Ct.Q 5. l 30,. (1, 30'L 0. H4. 13. 57 
A35412 1. 6 29.4 37.3 54.6 . 51 242.3 -30.' 0.0 4.3 (•. 0. 286. 0. 0. 10. 33 

l\3:5413 1 . '} 24.4 40. 1 60.€. .be 242..3 -38.3 0.0 4.9 0. 0. 307. 0. 0. 13.86 ........ 
A35414 1. 8 27.2 39.7 61.7 . 65 242.3 -45.9 0.0 4.7 0. 0. 304. Q. , .. 13. 1l 

A35415 1 . 6 28.4 45.<4 62. 1 . 58 242.3 -53.6 0.0 4.3 0. 0. 348. 0. 0. 11. 81 w 
1135HS 1. s 28.2 41.9 55.6 . 59 242.3 0.0 1).0 4.6 0. I). 321. 0. t:• 12. 07 <.n 

135409 1 . 4 31..8 4 7. 8 58.2 . 52 242.3 -7.6 0.0 3.8 0. 0. HE'.. 0. 0. 1¢." 

135411) t. 6 29.8 37.9 62.5 . 61 2 42.3 -15.3 0.0 4.2 ¢. 0 . 290. 0. 0. 12. 43 

135411 1.7 29.3 38.2 S'L<J . 60 242.3 -23.0 0.0 4.4 Cr. 0. 2'73. 0. Cr. 12. 24 
135412 1. s 26. 1 39. (I 61.7 . 56 24.2. 3 -30.' 1),0 4.0 ¢. 1), 2 9'. 0. 0. 11. 44 

135413 1 . t 2i.4 39.3 60.8, .57 242.3 -38.3 0.0 4.2 0. 0. 3Cr1 . 0. 0. 11 . i 1 
135414 1 . 4 27.7 34.0 53. 1 .:H 242.3 -45.9 e>.o 3.8 0. 0. 2£1. 0. 0. 10. 31 

135415 1 . 5 2i.2 34.6 55. 1 . 58 2-42 . 3 -53.6 0.0 3.9 0. 0 2£.5. 0. 0. 11 . 81 

RHHS . t (>,I) 56.0 0. (r . 15 399.5 23.0 0.0 1 . ' 0. Co. 4 29. 0 . 0. 3. 02 

AJU09 ·' 0.0 4 7. 5 0.0 . 14 H9.5 15.3 0.0 1 . 5 0 . 0. 3H. 0. 0. 2. 'Q 
AJ,!to .9 0.0 49. 1 0.0 .23 399. s 7.6 0.0 2.3 0. 0. 3 76. (1, C>. 4. 78 

A3f.'11 . e 0.0 42.4 Q.(t .29 39').5 0.0 0.0 2.2 0. 0. 324. 0. 0. 5.85 

AlU12 .7 0.0 5?. Q 0. (r . 24 399. s -7.6 0.0 2.0 0. 0. 437. 0 . 1), 4." 
A3U13 . e 0.0 49.8 0.0 .32 3'J9.5 -15.3 0.0 2.2 0. 0. 381. 0. 0. i . ., 

A3U14 -~ 0.0 55.0 0.0 .34 399.5 -23.0 0.0 2.4 0. 0. 421. 0. 0. 6. 97 

A3U15 .. 8 ¢.0 55.5 Ct.O .34 3CJ9.5 -30.' 0.0 2. 1 0. 0. 4 25. 0. Ct. ' '4 



RUM ftUftiER 4 

----------------,OOEL COHDlTIOHS-------------- -------------------------PROTOTYPE COHDITIOMS-------------------------------
FILE PEAl( 1i! ARR. PEAK a EHD SUM POSIT I ON PEAK :5% ARR. 1:5% AR R. PEAK 15~~ EHD 5% EHt> !SU" 
M"IIE COHC. TII'IE TlfiE TIME X y z COHC. TI11E TI"E TII'IE Tt"E TI"E 

co C SEC) <SEC> (SEC) < x-s > (1'1) (") (ft) (4) (SEC) <SEC> <SEC) (SEC> <SEC) < x-s > 

A41301 .2 0.0 29.8 0.0 .02 36.:1 84.0 0.0 ·' 0. 0. 381. 0. 0. .u 
A4Un . 1 0.0 11.8 0.0 0.00 35.5 72.0 0.0 . 4 0 . 0. 154. 0. 0. . 08 
A4U10 .1 0.0 25.! 0.0 . 01 36.5 £0.0 0.0 . 4 0 . 0. 337. 0. 0. . 23 

A41311 . 1 0.0 7.0 0.0 0.00 3i.~ 48.0 0.0 . 4 0 . 0. 'H . 0. 0. .12 

A41312 . 1 0.0 5.3 0.0 . 01 36.5 36.0 0.0 . 4 0 . 0. 69. 0. 0. . 51 

A4131l .1 0.0 33.7 0.0 .01 36.5 24.0 0.0 .3 0. 0. 438. 0. 0. . 3' 
1Htl14 9.0 1.5 11.7 23.5 . 36 36.5 12.0 0.0 21 . 1 72. 152. 152. 174. 18 9. 11 . '1 
A41315 14.6 .8 11.6 30.8 1.41 36.5 0.0 0.0 31.6 23. 64. 15(1. 198. 30 4. 45.15 
141308 . 1 0.(1 33.4 0. (o .01 36.5 84.0 0.0 . 4 Ct • 0. 434. 0. 0. . 48 

14130! .2 0.0 14.6 0.0 . 01 36. :5 72.0 0.0 . 4 0 . 0. 1 '10. 0. 0. .40 
141310 .... 0.0 4.8 0.0 0.00 36.5 ,0.0 0.0 . ' Ct • 0. 62. 0. 0. . 02 

141311 . 1 0.0 37. 1 Q.O 0.00 3L5 48.0 0.0 . 4 0. Q . 483. 0. 0. .a 
141312 .Ct C>.O . 1 O.(l O.C>O 3i. 5 3£.0 0.0 . 1 0. 0 . 2. 0. 0. . 17 

141313 .3 0.0 1 ~- 4 0.0 . 01 3&.5 24.Q 0.0 . e ¢. Q. 252. 0. 0. . 24 
141314 £.2 teo.£ 17.5 2£.8 . 2~ 36.5 12.0 0.0 1:5 . 1 139. 228. 228. 241. 34 4. t.U 
141315 14.0 5.7 13. 1 30.3 1. 41 36.5 0.0 0.0 30.5 87. 121 . 171 . 263. 3!53. 

43. '' 
A4140S 14.4 1.0 8.9 27.8 1.44 36.!5 0.0 0.0 31 . 3 t 8. 49. 11£. 190. 28 2. 44.4i 
A4140'3 9.6 1.3 11.2 27.0 1. 0, 36.5 -12.0 0.0 22.4 25. {;2. 146. lH. 262. l:S. 10 

A41410 !'S.S 4.S 11. 1 16.0 .21 36.5 -24 0 0.0 14.3 £3. 0. 144. 0. 1 '3 3. ,,,2 

A41411 .2 0.0 3!5.4 0.0 • (tl 36.5 -36.0 0.0 . 4 0 . 0. 4t.l. 0. 0. .41 
U1412 .1 0.0 45.8 O.(t . 01 36.5 -48.0 0.0 . 3 (l. 0. S<J6 . 0. 0. .41 
A41413 .2 0.0 22.3 Q.O . 02 36.5 -60.0 0.0 . 4 C•. 0 . 290. 0. 0. . 70 
A414t4 . t 0.0 26.7 O.G> . (<1 36.5 -72.0 0.0 . 4 0 . c. 347. 0. 0 . .48 
A41415 . 1 0.0 38.'3 0.0 . 01 36.5 -84.0 0.0 . 3 Ct. 0 . SvS . 0. 0. .u 
141408 13. 1 1.2 10.4 27.0 1. 23 36.5 0.0 0.0 2C).O 26. 63. 135. 18 6. 307. ll." 
14140CJ 1 t•. e 1.4 10.4 25.5 l. 14 36.5 -12.0 0.0 24.7 29. 56. 135. 18L 254. 3i. 10 ........ 
141410 7~' 2.3 7.0 18.£ .31 36.5 -24.0 0.0 ts. a £2. 90. 91. . 138. 204. 10. 41 w 
141411 .2 0.0 39.5 0. (• .03 36.5 -36.0 0.0 . 4 0. 0. 514. 0 . 0. .91 m 
141412 .... 0.0 48.6 Cl.(l (),0(1 36.5 -48.0 ().0 . 5 0 . 0. 632. 0. 0. . ()' 
141413 . 1 0.0 3.6 0.0 0.00 36.5 -t.o.o 0.0 .3 0. 0. 47. 0. 0. .14 

141414 .1 0.0 35.4 0.¢ 0.00 36.5 -72.0 0.0 . 4 0. 0. 461 . 0. 0. .12 

141415 . 1 0.0 48.4 0.0 0.00 36.5 -84.0 0.0 .2 0. 0. 62CJ. 0. 0. .ti 

A42408 £..5 2.4 9.8 22.4 . s~ !56., 0.0 0.0 15.8 33. 124. 127 15 2. 210 . u. 72 

A4240CJ 1.9 2.7 11.6 1S. 7 . 4CJ 56.9 -12.0 0.0 18.8 51. 137. 151. 15 2. 211. li.4i 
A42410 4.2 G.1 11.6 17.2 . 11 56.9 -24.0 0.0 10.i 88. 0. 151. 0. 155. 3. 79 

A42411 1.1 12.0 12.0 12. 1 .01 56.9 -36.0 0.0 2.9 0. 0. 155. 0. 0. . 23 

A42412 .0 C>.O 43.9 O.(l 0.00 56.9 -48.0 0.0 ,(I 0. 0. 570. Ct. 0. .05 

142413 . 1 0.0 13.2 0.0 0.00 56.9 -t.o. o 0.0 . 3 0. 0. 172 . 0. 0. .11 
A42414 . 1 O.Ct 35.4 0.0 .01 56.9 -72.0 0.0 .3 0. 0. 461. 0. 0. . 23 
142415 .3 0.0 13.2 O.C< 0.00 56.9 -84.0 0.0 . 8 0 . 0. 172. 0. 0. . 13 
1424<'8 1.1 1.8 11.2 22.5 .13 56.9 0.0 0.0 18.5 48. 103. 146. 185. 255. 23.90 

142409 7.4 2.7 9.6 23.5 .sa 56., -12.0 O.Q 17.7 u. 116. 125. 1CJ2. 212. 19. 37 
142410 4.3 3.4 8.7 14.8 .17 56.9 -24.0 0.0 10.8 86. 0. 1 13. 0. 187. '. 70 
142411 .'3 0.0 9.9 0. (• . 03 Si.9 -3i.O 0.0 2.5 0. 0. 129. 0 . 0. 1. 07 

142412 .3 Q.O 21.8 0.0 .07 56.9 -48.0 0.0 .9 0. 0. 283. 0. 0. 2. 51 

142413 . 1 0.0 1.1 0.0 Co.OO 56.9 -60.0 0.0 .3 0. 0. 15. 0. 0. .04 

142414 . 1 C>.O 45.9 0.0 . 01 56.9 -72.0 0.0 . 4 0 . 0 . 597. 0. 0. . 2' 
142415 . 1 Co.O 35.9 O.Cr 0.00 56.9 -84.0 0.0 . 3 (1, 0. 467 . 0. 0. .15 
A-42308 . 1 (),(1 .3 0.0 • (11 56.9 84.0 0.0 . 3 (1. 0 . 4. (1. 0. .18 
A42309 . 1 0.0 35.0 0.0 ¢.00 56.9 72.0 0.0 .4 0. 0. 45€.. 0. 0. .()2 



RUH HUPIIER 4 

----------- ----PIODEl CONDITIONS-------------- -------------------------Pr-OTOTYPE COHOtTlOHS-------------------------------
F'ILE P£ I( 1 ~; ;.RR. PEAK U. END SUK POSITION PEAK ~% ARR. 1 5% ARR. PEAK 15% EN!:< 5% END SUM 
HAKE co c. T II'IE TIPIE TIPIE X y z COHC. TI11E TII1E TI PIE TII'lE TII1E 

( ) (SEC> (SEC) C SEC> < x-s > ( K) (1'1) (10 O:> <SEC> <SEC> <SEC) <SEC> <SEC> < x.-s > 

Ao42J10 .1 0.0 <44.3 0.0 .IH 56.9 GO.O 0.0 .2 0. 0. 576. 0. 0. . 25 

A<42311 .1 0.0 2. 1 0.0 0.00 56.9 48.0 0.0 .2 Q. 0. 28. o. 0. .12 
1\42312 . 1 0.0 9.(1 0.0 . 01 56.' 36.0 0.0 . 3 0. 0 . 117. o. 0. .U 
1\42313 .2 0.0 13.2 0.0 . 01 56.9 24.0 0.0 . 6 Q. 0 . 172. 0. 0. . 31 
A42J14 4.5 4.3 11.7 14. 1 . 17 56.9 12.0 0.0 11 .2 1 0 1 . 0. 152. 0. 172. 5.87 
1\42315 7.3 1.4 11.4 1,,, . 60 56., 0.0 0.0 17.6 42. 147. 148. 164. 2H. u .82 
842309 "' Ct.O 5.5 0. (• . 01 56.' 84.0 0.0 . 5 0. 0 . 71 . 0. (1. . 48 

.L 

84230, .2 0.0 34.4 0.0 .01 5i.' 72.0 0.0 .~ 0. 0. 447. 0. 0. . .. , 
142310 . 1 0.0 25.4 0.0 0.00 56.9 £.0.0 0.0 .3 0. 0. 331. 0. 0. . 11 
842311 . t O.Q 44.1 0.0 0.00 !56.' 48.0 0.0 . L 0 . 0. !573. 0. 0. .u 
842312 . 1 0.0 42.2 0.¢ Co. C•O 56.9 36.0 0.0 .3 0. 0 549. 0. 0. 0.00 
842313 .5 0.0 12.4 0.0 0.00 56. 9 24.0 0.0 1. 3 0. 0. lt2. 0. 0. . 0' 
842314 3.2 -4.2 lC•. 4 11.2 . 1' 56.9 12.0 ~.0 8.3 %. 0. 135. 0. 178. ,.37 

842315 e.o 3.8 13.4 21.9 . f. 1 56.9 (•. 0 0.0 1' . 1 50. 121 175. 183. 2Jill. 20.32 

A433¢9 . 1 0.0 1.6 0. <• 0.00 91.2 84.0 0.0 .. ¢ . 0. 21. 0. ¢. .0, . .::. 
1\43309 .1 0.0 213.£ 0.0 0.00 91. z 72.0 0.0 . 2 0. 0 . 371. 0. 0. . 07 

1\43310 . 1 CI.O . 2 0. (• 0.00 91.2 £0.0 0.0 .2 0. 0. 3. 0. 0 .03 

A43311 .1 0.0 15.£ 0.0 . 01 'H .2 48.0 0.0 . 3 (•. 0 . 203. 0. 0. .2i 
1\43312 . 1 1!>.0 12.4 0.0 . (•1 91.2 36.0 0.0 .2 Q. 0. 1f, 1 . 0. 0. . 47 

1\43313 .2 0. (• 14.7 0. (• . C•l 91. 2 24.0 0.0 . 4 0. 0 . 1 91 . 0. 0. .4, 

1\43314 2. 1 9.8 t 0. (• 10.2 .04 91.2 12.0 0.0 5.4 131 . 0. 131 . 0 . 13 1 1. 35 

A43315 3.7 6.3 12.5 17. 1 . 22 91 . 2 0.0 0.0 9.4 1 16. 0. 162. 0. 1' 1. 7.3, 

84330S .3 0.0 15.5 0.0 .03 91 . 2 84.0 0.0 
., 0 . 0 2 (o 1 . 0. 0. ·" • I 

843309 . L 0.0 l'J. 1 0.0 .02 91 . 2 72.0 0.0 .5 0. 0. 248. 0 . 0. . £8 

843310 .1 0.0 25.4 0.0 . (•2: 91.2 60.0 0.0 . 4 0 . 0 . 3 31 . 0. 0. . " ........ 

843311 j 0.0 1 e. 5 0. C• . 03 91.2 46.0 0.0 . 7 0. 0 240. Q. 0. 1. u w 
843312 0.(1 18.~ 0.0 . (•3 91.2 36.0 0.0 . 9 (t. 0 . 235. 0. 0 t . 07 ....., 
843313 . 4 0.0 18.Gt 0.0 .04 'H.2 24.0 0.0 1. 2 0. 0. 235. 0. 0. 1. 42 

843314 2:.3 14.2 16.2 1G. s . 09 91.2 12.0 0.0 5.9 1 S7. 0 . 211 . 0. 216. 3.08 

843315 3.3 9.0 15.4 22.5 . 26 91.2 0.0 0.0 8.4 179. 0. 200. 0. 268. 8. 73 

fH340S 4.4 3.8 12.0 17. (• .27 91.2 ~.0 Ct.O 11 . 1 88. 0. 156. 0. 196. ,.25 

843409 4.0 4.0 lZ.'J 18.7 . 30 'H .2 -12.0 0.1) 11). 1 63. 0. 1(.!3. 0. ZC<O. 10. 22 

843410 " .. 3.S 10.0 15.4 . 15 91.2 -24.0 0 0 7.0 121. 0. 129. 0 . 135. 5. 17 
.::..< 

843411 1 . 2 5.2 5.3 5.6 . 02 91.2 -36.0 0.0 3.1 0. 0. &9. 0. 0. .:54 

843412 .1 0.0 45.4 () . (• (•. (•0 91.2 -48.0 0.0 .3 0. 0. 590. 0. 0. . 17 

843413 .1 0.0 14 .... 0.0 . (•1 'Jl. 2 -60. I) 0.0 .4 0. 0. 188. 0. 0. . 3:5 

843414 . L 0.0 16.1i. 0. (• . 02 91.2 -72.0 0.0 . 4 0 . 0 . 215. 0. 0. . 58 

843415 . 1 0.0 45.4 0.0 0.00 'l'l . 2 -84.0 0.0 .3 0. 0. 5'i'fl. o. 0. .17 

1\4341:<8 4.4 3.7 11. 1 16.9 . 3(1 91 . 2 0.0 0.0 1 t . 0 66. 0. 1 45 . o. 202. to. 32 

A43409 4.2 3.6 14. (• 20.7 . 34 91.2 -12.0 0.0 1().~ 8£. 0. 181. 0. 1'J 2. 11 . :52 

1\43410 2.9 5.5 14.6 15.6 . 24 91.2 -24.0 0.0 7.~ H. 0. 189. 0. 19 7 8.28 

Ao43411 1. 4 7.9 13. 1 15.0 . 06 'H .2 -36.0 0 0 3.7 (•. 0. 170 0. 0. 2.23 

A43412 . 1 0.0 20.2 0. C• .02 91.2 -48.0 0.0 . 4 0. 0 . 263. 0. 0. . £2 

A43413 . 1 0.0 7. 1 0.0 0.00 91.2 -60.0 Q.O . 3 (•. 0 . 93. 0. 0. • tO 

A43414 .1 0.0 40 8 0. C• . 01 91.2 -72.0 0.0 .2 0 . 0. 530. 0. 0. .4, 

A43415 .0 0.0 42.5 0. C• • (t 1 ". 2 -84.0 0.0 . 1 0. 0. 552 . 0. 0. .19 

1\44408 1.1 6.3 7.5 16.6 .11 139.9 0.0 0.0 4.3 0. 0. 97. 0. 0. ,,9, 
A4440'J 2.2 5.6 S.'-' 17. 1 . 25 13'J. 9 -12.0 0.0 ~L8 103. 0 . 11~. 0. Hll. ·-~' 
AH410 3.0 4.2 11.9 20.6 . 33 139.9 -24.0 0.0 7.6 126. 0. 154. 0. 187 . 11.45 

1\44<411 1 .4 4.9 14.6 15.4 . 06 13,.9 -36.0 0.0 3.6 0. 0. l'H1. 0. 0. 2.80 



RUN NUftiEit 4 

----------------ftODEL COHOITIOHS-------------- -------------------------PROTOTYPE COHOITtOHS-------------------------------
FILE PERK U ARR. PEAK U END SUM POSIT I ON PEAK 5:< AR.R. 1 5~ ARR. PEAK 15% END 5% EHD SUrl 

HAIU COHC. TII'IE TIPIE THIE l( y z COHC. TII'IE TIPIE TUIE TII'IE TIME 
c::.) C SEC) <SEt) (SEt) CX-S) 01) (10 (") o: ) (SEC> CSEC> <SEC> C SEC> (SEC> c x-s > 

A•H412 .5 0.0 1:5.3 0. (• .02 139.9 -48.0 0.0 1 .4 0. 0. 1 ~,. 0. 0. . 71 
A44413 . 1 0.0 2.6 0.0 . 01 139.' -to.o 0.0 . 4 Ct • 0 . 34. 0. 0. . 27 
A44414 . t C'.O 9.7 0.(1 .¢1 139.9 -72.0 0.0 .3 ¢. 0. 126. 0. 0. . 21 

A444UJ . 1 0.0 45.6 0.0 0.00 139.9 -84.0 0.0 .3 0. 0. ,,3. 0. 0. .02 
1444(18 4.1 :5.5 14.0 17.8 .31 139.<J 0.0 0.0 10.4 103. 0. 1 83. 0. 210. 12.H 

B444n 3., 5.2 13.0 17.0 .27 139.' -12.0 0.0 8.8 1 Q 3. 0. 170. C). 177. '·:.HI 
844410 1.' 8.2 13.2 14.4 .11 139.9 -24.0 Q.O 4.2 0. 0. 171 . Q. 0. 3." 
144411 .1 0.0 24.9 0.0 . 01 139.') -36.0 0.0 .3 0. 0. 324. 0. 0. . 2' 
844412 .0 C<.O 26.0 0.0 . (>1 139.' -48.0 0.0 . 1 0. 0. 338 . 0. 0. . 37 
844413 . 1 0.0 3.4 0.0 Ct.OO 139.9 -60.0 o.v . 3 0. 0. 45 . 0. 0. . 02 
144414 .2 C>.O 18.5 0.0 . (•1 139.9 -72.0 0.0 ·' 0. 0. 241. Q. 0. .45 
84441, . 1 0.0 'J.fi 0.0 . 02 13~.' -84.0 ¢.0 

, 0. 0. 12~. Q. 0. . ~8 

C44 .. 08 2:. 1 8.4 14. CJ 15.5 . 17 139.9 0.0 0.0 :s:6 124 . 0. 194. 0. lH. '. 89 
C4Hn 2.4 5.8 H.l 16.2 .18 139.') -12.0 0.0 6.3 151. 0. 183. Q. 193. '. 10 
C44410 1. 9 7.4 12.6 14.3 .11 13~.9 -24.0 0.0 !5.0 1£4. 0. 164. 0. 164. 3.84 
C4441l . 7 0.0 7.9 0.0 .03 139.9 -36.0 0.0 1. 8 0. 0. 102. Q. 0. . CJ1 
C444U " 0.(1 11. 1 0. (• . (11 139.9 -48.0 0.0 .5 <'. 0. 145. 0 . 0. .22 .... 
C44413 .0 0.0 .2 0.0 . (•1 139.') -to.o 0.0 . 2 Co . 0. 2. 0. 0. . ~3 
C44414 .... (1.0 . 6 0.0 . 01 139. 9 -72.0 0.0 . 4 (• . 0. 8. 0. 0 . . 2' 
C44415 .1 0.0 37. 1 0.0 0. (•0 139.9 -84.0 0.0 . 2 Co. 0 . 4133. Co. 0. . 14 
D44401 2.3 5.2 11.7 13.7 .17 139.9 0.0 0.0 5.9 144. 0. 152. 0. 1H. 

!5. ' ' 
04440, 2.4 £.3 11.2 14.8 . 21 lH. 9 -12.0 0.0 f, . 1 13CJ. 0. 145. 0. 1 7 s. 7. 25 
044410 2. 1 6.9 13.8 16.2 .11 139.9 -24.0 0 0 5.5 1 s 0. 0. 180. 0. 192. 5.85 
044411 1 . 1 15.5 15.5 15. f, . (16. 139. 9 -36.0 0.0 3.0 Co. 0. 2Co1. 0. 0. 1 .H ...... 
044412 . 2 Ct.O 1£.7 O.Co . (•1 139.9 -48.0 0.0 .5 (• . 0. 217. 0. 0 . .44 

1)44413 . 1 0.0 35.8 0.0 . 01 139.' -60.0 0.0 .3 Co. 0. 465. Co . 0. .23 w 
044414 2 Ct.O 7.8 0. (• . (tt 139.9 -72.0 0.0 . 4 0 . 0. 1 (tt . 0. 0 .34 co 
044415 . 1 0.0 1.8 0.0 0.00 139.9 -84.0 0.0 .3 0. 0. 24. 0. 0. .13 

*4•UOI . 1 Ct.O 45.2 0. (• .02 139.9 84.0 0.0 . 3 (•. 0. 587 . 0. 0. .u 
A443n . 1 0.0 29.1 0.0 0. (•0 139.9 72.0 0.0 . 4 0. 0 . 378. 0. 0. . 12 
A44l10 .6 0.0 27.3 O.Co . 09 139.9 60.0 0.0 1. 5 0. 0 . 355. 0. 0. 3.(14 

A44311 .2 0.0 CJ.f, 0.0 . 01 139.CJ 48.0 0.0 . 4 0 . 0. 125. 0. 0. . ~2 
A44JU .1 0.0 .3 0. (• . 01 139.9 3£.0 0.0 .2 0. 0. .. 0. 0. . 43 

A44313 .3 0.0 teo. 8 0.0 . 02 139.' 24.0 0.0 . 8 0 . 0. 141 . 0. 0. . 77 

AHlH 1. 5 8.2 S.4 15. 1 . OS 139.9 12.0 0.0 4.0 0. 0. lC<,. 0. 0. 2.75 

A4431' 1 . ' 7.8 10.9 16.2 .18 139., 0.0 0.0 !5 • 1 142. 0. 142. 0. 142. '. 32 
844308 . 1 0.0 .2 0.0 . 01 t 39.' 84.0 0.0 . 3 0 . 0. 3. 0. 0. .21 

144309 .2 0.0 39. 1 0.0 . 01 139.' 72.0 0.0 . 4 0 . 0. 508. 0. 0. . 28 
144310 . 1 C'.O 41 9 0. C• . (11 139.9 60.0 0.0 . 4 Ct • 0. :544. 0. 0. .u 
144311 . 1 0.0 41.7 0.0 • Col 139.' 48.0 0.0 . 3 0. 0. :542. Q . 0 . .30 

844312 . 1 C'.O 29. 1 0.(1 . 01 139.9 36.0 0.0 .3 0. 0. 378. 0. 0. .u 
144313 .2 0.0 6.6 0.0 . 01 139.' 24.0 0.0 .5 0. 0. 86. Q. 0. . 34 
144314 1.0 14.8 14.8 14.8 .05 t 39.' 12.0 Ct.O 2.7 0. 0. 1 'J2. 0. 0. 1. 7i 
84431, 1.8 6.2 11.4 15.2 .15 13,.' 0.0 0.0 4.8 0. 0. 148. 0. 0. 5.37 
A4!5l08 .3 C>.O 19.2 0.0 .03 242.4 84.0 0.0 . 1 0. 0 . 250. 0. 0. 1. 03 

A4530CJ .2 0.0 23.2 0.0 .02 242.4 72.0 Q.O .5 0. 0. 301. 0. 0. ·" A4!5310 . 2 0.0 £.(1 0.0 . 02 242.4 £0.0 0.0 . 4 0 . 0. It • 0. 0 . . 55 

A45311 .2 0.0 27.5 0.0 .Ol 242.4 48.0 0.0 .5 0. o. 358. 0. 0. .48 
A4:5Jt2 . t 0.0 23.5 0.0 . 01 242.4 36.0 0.0 .3 Q. 0. 306. C>. Q. . 32 

A45313 . 1 0.0 28.9 0.0 .01 242.4 24.0 0.0 . 4 0. Q. 375. 0 . 0. . 21 



RUIC ICURIEit 

----------------MODEL CONDITIONS-------------- -----------------~-------PROTOTYPE COHOITIOHS-------------------------------
FILE PEAte: U ARR. PEAK U. EHD SUM POSITION PEAK 5:< ARR. 15~ AU. PEAK 15% EHD 5~ EHI> SUM 
HilKE CO tiC. TIME TIME TIME X y z COHC. Tli'IE TIME T!ME TII'IE TIME 

(:0:;. <SEC) <SEC) C SEC) < x-s > (It) (" ) CIO co <SEC> <SEC> <SEC ) (SEC) C SEC~ < x-s > 

A4S314 .4 0.0 11.8 0.0 .03 242.4 12.0 0.0 1.0 Co. 0. 153. 0. 0. . " 
A4:Sl1S .s 0.0 12.0 0.0 . 07 242.4 0.0 0.0 2.2 0. 0. 157. 0. 0. 2.U 

145308 .2 0.0 38.0 0.0 .03 242.4 84.0 0.0 . 5 0 . 0. 4'H. 0. Co. 1. 22 

145309 "' 0.0 ,,2 0.0 . 03 242.4 72.0 0.0 . s 0 . 0. 81. 0 . 0. 1. 03 
• .c. 

145310 .3 0.0 16.4 0.0 .CtS 242.4 60.0 0.0 .1 0. 0. 213. 0. 0. 1. 60 

145311 .2 0.0 18. 1 0.0 . 02 242.4 48.0 0.0 ·' 0. 0. 23£. 0. 0. . 14 

145312 . 1 0.0 39.1 0.0 . 0.1 242.4 36.0 0.0 . 3 0. 0. 50'L 0. 0. .45 

145313 .. 0.0 19.0 0.0 . ~~2 242.4 24.0 0.0 . 5 0 . 0 . 24£. 0. 0. . 75 
• .c. 

145314 . 4 0.0 10.7 0.0 . 03 242.4 12.0 0.0 . 9 0 . 0. 139. 0 . 0. 1. 20 
lif53t5 .8 0.0 14.7 0.0 . 07 242.4 0.0 0.0 2. t 0. 0. 191 . 0. 0. 2.44 

145408 1.8 13.0 13.0 13.0 .08 242.4 0.0 0.0 4.6 0. 0. 1£9. 0. 0. 2.78 

145409 1. 4 13.0 13.0 13.1 .10 242.4 -12.0 0.0 3.7 0. 0. 170. 0. 0. 3.4i 

1•45410 1.1 13.0 13.0 13. 1 . (•9 242.4 -24.0 0.0 3.0 Ct. 0. 1 7C•. Q. 0. 3.07 

845411 1. 2 13.0 13.0 13. 1 .04 242.4 -36.0 0.0 3.2 0. 0. 170. 0. 0. 1. 29 

145412 .3 0.0 13.0 0.0 .Ctl 242.4 -48.0 0.0 . 8 Ct. 0. 169 . 0. 0. . 41 

145413 .3 0.0 13.0 0. (• 0.00 242.4 _,0,0 Ct.O . 7 0. 0. 169. Ct. 0. .07 

145414 .8 0.0 13.0 0.0 0.00 242.4 -72.0 0.0 2.1 0. 0. 169. 0. Co. .04 

145415 . 1 0.0 13.4 (). (• 0.00 242.4 -84.0 0.0 .2 (1, 0. 174. (1, 0. .04 

C45408 1.1 10.8 10.8 10.8 .10 242.4 0.0 0.0 2., 0. 0. 140. 0. 0. 3." 
C45409 1.2 14. 1 14.' 15.0 .11 242.4 -12.0 0.0 3.2 0. 0. 194. 0. 0. 3.79 

C45410 1.2 12. 1 13.2 13.4 . 09 242.4 -24 .. o 0.0 3.2 0. 0. 171. Q. 0. 3.21 

C45411 .8 (1.0 15.7 0.0 . 05 242.4 -36.0 0.0 2.1 0. 0. 204. 0. 0. l.U 

C45412 .3 0.0 18.2 0.0 .02 242.4 -48.0 0.0 . 9 0. 0. 237 . 0. 0. . 61 

C45413 . 1 0.0 32.1 O.C> .01 242.4 -60.0 0.0 .2 0. 0. 418. 0. 0. . 50 

C45414 .2 0.0 25.1 O.Co . 02 242.4 -72.0 0.0 ·' 0. o. 326. 0. 0. . 8i 

C4541S . 1 0.0 3.8 0.0 .02 242.<4 -84.0 0.0 . 4 0. (). 49 . 0. C>. . 58 ...... 
w 
\0 



RUN HU"BER ~ 

----------------ftODEL COHOITIOHS-------------- -------------------------PROTOTYPE COHOITIOHS-------------------------------
F'IL[ PEAte: H ARR. PEAK U EHO SUM POSIT I OH f"EAK 5% ARR. 1 5:( ARR. PEAK 15~ EHD 5=< EHO SUN 

MARE COHC. TUE TIISE TlftE X y z COHC. TiftE Tift£ TII'IE T I PIE TII1E 
o:~ <SEC) <SEC) <SEC> <X-S) (M) 00 (") U) C SEC) CSEC> <SEC) <SEC> (SEC> < x-s > 

AnJOI "' 0.0 18.3 0.0 . 02 3&.:1 84.0 0.0 . 5 0 . 0. 238. 0. 0. .73 
·"' A5UU .2 0.0 26.9 0.0 .02 3i. :s 72.0 0.0 . 5 0 . 0. 349. 0. 0. . ss 

""110 . 1 0.0 14.5 0.0 . 02 3£.5 £0.0 0.0 . 4 0 . 0. 1 ss. 0. 0. ·'' A51311 . 1 0.0 H.9 0.0 . 01 36. :s 48.0 0.0 • 2 (t . 0. f..09. 0. Q. . .., 
,_,1312 .1 (1,(1 2.2 0.0 . 01 36.5 36.0 0.0 . 3 0 . 0. 29. 0. 0. .2, 
A51313 . 3 0.0 13.3 0.0 . 01 3i. 5 24.0 0.0 .a 0 . 0. 173 . 0. 0. .43 
A513H t 1 . 3 1.£ 12.3 20.£ . 44 3£.5 12.0 0.0 25.6 6(1. 156. 1£0. 1H . 208. 14.33 

""315 13.2 1.2 13. 1 27.3 1.47 Ji.:S 0.0 0.0 2'L2 28. 64. 170. 206. 2'J 1. 4:5. f,1 

151308 .1 0.0 . 3 0.0 . 02 3£.5 84.0 0.0 . 3 (1. 0. 4. 0. 0. .74 
15130, .2 0.0 15.0 0.0 . (•2 36.5 72.0 0.0 . 5 0 . 0. 1'.". 0. 0. . ;4 
., 1310 .1 (1_0 .0 (1,(1 .02 3&. 5 60.0 0.0 .2 0. 0. 1 0. 0 ',. 
151311 .2 0.0 27.8 0.¢ . 01 36. s 48.0 0.0 .4 0. 0. H.l. 0. 0. . 27 
151312 . 1 0.0 9.4 0.0 . 01 3&. 5 36.0 0.0 .3 0. 0. 122. 0 . 0. .31 
151313 .4 0.0 i.S 0.0 . 01 36.5 24.0 0.0 1.0 0. 0. 84. 0. 0. . 31 
ISUH 1 (o. 1 1.7 H.l 22.2 . 48 36.5 12.0 0.0 23.3 48. 81. 184. 192. 220 . 1S. 75 
nun 13.3 1.4 11.9 28.2 1. 39 36.!5 0.0 0.0 29.3 27. £2. 1!5~. 20'L zn. u. :n 
AS1408 1:5.1 1.1 12.' 29.0 1.74 36.5 0.0 0.0 32.4 25. 47. lb3. 210. 303. S2. 99 
,_,140! 12.5 1.7 11.0 29.2 1. 40 3£.!5 -12.0 0.0 28.0 32. n. 144. 205. 346. 44. (14 
A51410 s s 1.1 12.£ 18.0 .3:5 36.5 -24.0 0.0 20.7 49. 162. 164. 19 1 . 20 b. 11. 70 

U1411 ·' 0.0 12.9 0.0 . 01 36.!5 -:36.0 0.(1 2.4 0. 0. 168. 0. 0. . 2i 
U1412 . 1 0.0 15.9 0.0 . ot 36.5 -48.0 0.0 .3 (1, 0. 207. 0 . C•. . 25 

A51413 . 1 0.0 12.0 0.0 . 01 36.5 -e.o.o 0.0 . 4 (t • (I_ 155. 0. 0. . 25 
A:S1414 2 0.0 2.4 0.(' ,(12 36.5 -72.0 0.0 .5 ¢. 0. 32. 0. 0. .57 
U14U . 1 0.0 .2 0.0 .02 36.!5 -84.0 0.0 .3 0. 0. 2. 0. 0. . f,8 

1514 .. 14.8 1.4 12.8 30.£ 1.£4 36.5 0.0 0.0 31.9 2 7. 51. 166' 20:5. 29:5 :50.52 ...... 
IS14U 12 3 2.0 11.9 31.8 1. 38 36.5 -12.0 0.0 27.6 H. 70. 154. 212. 363. 43.67 ~ 
l5141t 7.S 4.8 14.0 24.8 . 29 36.5 -24.0 0.0 18.6 £3. t 54. 1S3. 18 7. 205. '." 0 
151411 .£ 0.0 12.2 0.0 . 01 3£.5 -36.0 0.0 1. 7 0. 0. 15'L 0 . Q. . 22 
151412 . 1 0.0 13.8 0.0 . 01 36.5 -48.0 0.0 . 3 0. 0. 179 . 0. 0. .23 
111413 3 0.0 13.8 0.0 .u 36.!5 -e.o .o 0.0 .6 0. 0. 179. 0. 0. . 23 

.,1414 . 5 (1.0 13.8 0.0 . (•2 36.5 -72.0 0.0 1.3 Ct. 0. 179. 0 . Ct. .57 
1514U . 1 0.0 13.8 0.0 .01 36.5 -84.0 0.0 . 4 0. 0 . 1 7'J. 0 . 0. . 47 

152401 9.5 2.G 11.4 24.2 1. 04 56.9 0.0 0.0 22.1 41. so. 148. 207. 310. 33. '4 
UZ4n 7.3 2.8 1(o. 2 25.8 .65 :16., -12.0 0.0 17.5 54. 113. 133. 175. 228. 21.31 
IU2410 5.4 3.2 13.7 11. (t . 26 !5&.9 -24.0 0.0 13.3 72. 0. 178. 0. 201. 8 . ., 

ASZ411 2:.0 lO.i 14.' 15.3 . 03 ,,:, -36.0 0.0 !5.2 un. 0. lU. 0. 1')0 . 1. 0' 
AS24U . 1 0.0 34.2 0. (t . 01 "., -48.0 0.0 . 3 Ct • 0 . 444. 0. C). . 23 

ASJ4U 1 0.0 5. 1 0.0 0.00 56.9 -60.0 0.0 . 2 0 . 0. f,f,. 0. 0. .12 
., 414 . t 0.0 11.4 O.Ct . 01 56.9 -72.0 0.0 . 3 0 . 0. 14S. 0 . 0 . .18 

UZ41' . 1 0.0 48.2 0.¢ O.OQ !56.9 -84.0 0.0 . 2 0 . 0. 621'. 0 . 0. .0!5 

152401 8.3 2.0 tt-.4 2:S. 1 . S£ 56.9 0.0 0.0 19.7 43. 127. 135. 203. 279. 28.22 

15240' e.4 3.Q 11.3 28.7 .91 !56.' -12.0 0.0 1,.6 53. lOi. 147. 210. 260. 2'." 
152410 E. . 1 3. 1 10.0 21.3 • !56 !56.9 -24 .o C),O 1-4.9 £7. 0. 13(1. 0 . 259. 18 .• , 

152411 ·' 0.0 11.5 0.0 . 04 !5L' -36.0 0.0 2.4 0. 0. 150. 0. Co. 1 .• , 

1!52412 .1 0.0 •• 0.0 . (•1 !56., -48.0 0.0 . 2 0. 0. 5 . 0. 0. . 3' 
152413 .0 0.0 .0 0. (• . (ol 56.9 -60.0 0.0 .0 0. 0. 1 . 0. 0. . 22 
1!524 t4 . 1 0.0 32.!5 0.0 . 01 !5£.9 -72.0 0.0 . 3 ¢ . 0. 422. 0. 0. .u 
1:52415 . 1 0.0 . 3 0.0 0.00 56., -84.0 0.0 . 2 0 . 0. 4 . 0. 0. . 10 

ASUOS . t 0.0 43.9 C). (• 0.00 56.9 S4.0 0.0 .4 (I_ 0. !571. 0. 0. . 01 

~52300: 1 0.0 4f3.7 0.0 . (•1 5L9 72.0 0.0 . 4 0 . 0. 633. 0 . 0. .2, 



RUN KU"IER :1 

----------------MO~Et COH~ITIOHS-------------- -------------------------PROTOTYPE COH~ITIOHS-------------------------------
FILE PE,.K U ARR. PEAK U EHD SUP'I POSITION PEAK ':( ARR. 1~!< ARR. PEAK 15!< EHD ~=< EHD SUP'I 

NAME CONC. T I I'IE TII1E TIME X y z COHC. TI11E TII'IE TII'IE TIME TI11E 
( ~ ~ <SEC> <SEC> <SEC) < x-s > (ft) (11) ( P'l ) ( ~ ). <SEC> <SEC> <SEC) (SEC > (SEC> < x-s > 

A:S2310 . 1 0.0 1:5.6 0.0 . 01 56.' 60.0 0.0 .3 0 . 0. 203. 0. 0. .30 

A:S~l11 . 1 0.0 33.2 0.(1 . 01 56.9 48.0 0.0 . 3 0. 0. 4 31 . 0. 0. . 35 

A52312 . 1 0.0 33.9 O.(t . 01 56.9 36.0 0 .o .3 0. 0. 441. 0. 0. .31 

A523t 3 .5 0.0 15.5 0. (• . 01 56.9 24.0 0.0 1. 4 0. 0. 20L. 0. 0. . 46 

A52314 5.1 3.5 15.1 20.9 .31 56.9 12.0 0.0 12.6 102. 0. 196. 0. 213. 10.42 

A52315 7.1 2.3 15.2 26.4 . 72 56.' 0.0 0.0 17.2 4 s. 159. 198. 199. 232 . 23.90 

852308 .2 0.0 15.3 0.0 0.00 56.9 84.0 0.0 .4 0. 0. 19CJI. 0. 0. . 12 

8:5 2H9 .3 0.0 22.8 0.0 . OS 56.9 72.0 0.0 . I (• . 0. 2 97. 0. 0. 1. 76 

852310 . 1 0.0 . 0 0. (• . C•2 56.9 60.0 0.0 .3 0 . 0. 1 . 0. 0. .63 

852311 . 1 0.0 41.2 0.0 0. (•() 56.9 48.0 0.0 . 3 (• . Q. 535. 0. 0. .OJ 

852312 .0 0.0 28.2 0. (• . 01 56.9 36.0 0.0 . 1 0. 0. 3€-7. 0. 0. . 29 

852313 .9 C>.O 12.8 0. (o . (12 SG.9 24.0 0.0 2.4 (•. 0. 166. C>. C>. . 55 

852314 4.6 4.0 12.7 16.4 . 23 56.9 12.0 0.0 11 .6 67. 0. H5. 0. 209 . 1." 

852315 6.3 3.2 15.4 23.2 .59 56.9 0.0 0.0 15.5 51. 158. 200. 203. 244. 19.£1 

A5330S .2 0.0 37.0 0.0 . 02 '1. 2 84.0 0.0 . s 0. 0. 4 82 . 0. 0. . " 
A53309 .2 C>.O 7.4 O.C> .C>1 91.2 72.0 0.0 . 4 C>. 0 . ~7. C>. C>. .45 

A53310 . 1 0.0 29., 0.0 .02 91.2 €.0.0 0.0 .2 0. 0. 38'L 0. 0. . 31 

AS3311 . 2 0.0 37.6 O.C> . 01 91.2 48.0 C>.O . 4 0. 0 . 489. 0 . 0. . 38 

A53312 . 1 0.0 23. 1 0.0 .01 '1. 2 3~.Q O.Q . 4 0. 0 . 301. 0. 0. . ~1 

AS3313 . 9 0.0 11.6 0.0 . 03 91.2 24.0 0.0 2.4 0 . 0. 1 s 1 . C>. 0. . 98 

A53314 2.8 t.S 14.8 15.4 .12 91.2 12.0 0.0 1. 1 1,0. 0. 1 '2. 0. 19'L 4.21 

A53315 4.0 4.S 14.7 16.S . 29 91.2 0.0 0.0 10.2 95. 0. 1H. C>. 206. ,_,1 

853308 . 1 0.0 43.8 0.0 . 01 'H.2 84.0 0.0 . 2 Y . 0 . 5~.'). 0. ¢. . 41 

8:533(>9 . 1 C>.O 1.9 0.0 . 01 91.2 72.0 0.0 . 3 (•. 0 . 24. 0. 0. . 38 ....... 
853310 . 1 0.0 8.'J 0.0 0.00 91.2 60.0 0.0 . 2 0. 0 . 115 . 0. 0. . (t 1 ~ 

853311 .0 0.0 12. 1 0.0 . (tl 91.2 48.0 0.0 . 1 0. 0 . 157. 0. C>. . 33 ...... 
853312 . 1 0.0 . 1 0.0 . ~·1 91. 2 36.0 0.0 .2 0. 0. 1 . 0. 0. .28 

8:13313 .3 (1,(1 21.5 O.C> .01 91. 2 24.0 ~'. 0 . a (•. 0 . 27'L 0. 0. .50 

·~3314 1 . 1 'J.O ,_o 9.0 . 04 '1 . :z 12.0 0.0 3.0 0 . 0. 11 7 . 0. 0. 1. 2'J 

853115 3. 1 3.7 9.8 18.0 .20 91.2 0.0 0.0 s.o 11 2. C>. 127. 0. 1 s 3. ,_,:; 
AS34CoS 4.7 4.0 15.2 20.2 .43 '1. 2 0.0 0.0 11 . 7 ~ 7. 0. 1'13. 0. 223. 14.44 

A534 (19 4. 1 4.9 8.3 22.2 . 46 91.2 -12.0 C>.O 1 ('. 4 85. 0. HS. 0. 24 5. 15. 48 

A53410 3.3 6.8 8.4 19.4 .21 '1. 2 -24. Q 0.0 e.s 'H. 0. 1 H•. 0. H, 3. 7. 05 

A53411 1. 9 8.6 10.C> 15.9 • C•S 91.2 -36.0 C•. 0 4.9 ,, . 0. 129. 0. 0. 2. 8' 

A:;3412 .3 0.0 10. 1 0.0 . (•1 '1. 2 -48.0 0. (,• . 7 ¢. 0. 131. ~· . Y. .33 

A53.f13 . 1 0.(1 -46.6 0.0 O.C'O 91.2 -60.0 0.0 . 3 0. 0 . 606. 0. 0. . 09 

A53414 . 1 0.0 .2 0.0 .01 '1 .2 -72.0 0.0 . 3 0. 0. 3 . Q. 0. . 18 

A53415 . 1 0.0 -45.2 O.(t . 01 91.2 -8-4.0 0.0 .2 C>. 0. 588. 0. 0. . 23 

8534 08 4.2 6.7 13.0 22.7 .40 91. 2 0.0 0.0 10.5 9 4. 0. H,'}. 0. 228. 13. 51 

8534 09 5.8 3.3 12.8 22.8 . 63 91.2 -12.0 C>.O 14.2 7 s. 0. 166. 0. 2~8. 20. 93 

85341(' 4.'J 5. 1 13.4 23.3 .40 '1. 2 -24.0 (•. 0 12.2 7 9. Q. 174. 0. 234. 13. 41 

853411 1 . 6 9.6 10.C> 10. 1 . 05 91.2 -36.0 0.0 4.3 C>. 0. 12~. 0. 0. 1. 63 

853412 . 1 0.0 44. f:. 0.0 .01 91.2 -48.0 0.0 . 2 0. 0 . 51?-f/. 0. 0. . 36 

853413 .0 C>.O 37.C> O.C> ,01 91.2 -60.0 0.0 . l Ct. 0. 4 81. 0. 0. . 21 

853414 . 1 0.0 . 3 0.0 .01 91.2 -72 ,C) 0.0 . 2 0 . 0. 4 . 0. 0. . 34 

853415 . 1 0.0 22.5 .., . (• . ('1 91.2 -84.0 0.0 . 2 C• • 0 . 292. 0. 0. .20 

A543Ct6 .2 0.0 10.5 0.0 • Co2 13'J. 9 84.Ci 0.0 . 5 0. 0 . 136. 0. 0. 
. '' 

A543t'9 .3 0.0 1C>.3 0.0 . 02 13,.9 72.0 0.0 .. 0. 0. 134. 0. 0. . 84 ·' 
A54310 . 1 0.0 48. 1 0.0 . (•1 13,., 60.0 0.0 . 3 0. 0. 62~. 0 . 0. . 3' 

AHJ11 . 1 0.0 43.9 0. (• .01 139. 9 48.0 0.0 . 3 0. 0. 5 71 . 0 . 0. .24 



RUH HU"IEit :1 

----------- ----"OOEL COHOITIDHS-------------- -------------------------PROTOTYPE COHDITIOHS--------------------- ---------
FILE PE t: a ARii:. PEAK t:.: EN!> SUM POSITION f'EAK 5~ ARR. 1 S~: ARR. PEAK 15~ EHO 5 EH!> SUI'! 

Hf411E co c. TI11E TI "E T I I'IE X y z COHC. TI"E TI I1E TII'IE T I I'IE Jf1E 
( ) (SEC) <SEC) ! SEC> o:-s) ( 10 (M) (10 0:) (SEC> <SEC> <SEC> (SEC > SEC) < x-s > 

A54312 . 1 0.0 1.0 o.c- . (It 139.9 3,.0 0.0 .3 0. 0. 14. 0. 0. .33 

A54313 .2 0.0 12.4 0. C:• . 1)2 139. 'j 24.0 0.0 . 5 0 . 0. ttl. 0. 0. .57 
A543 14 .5 c-.o 8.4 0.0 . (;•4 139.9 12.0 0.0 1 . 5 «>. 0. 109. 0. 0. 1. 38 

A54315 1 . 7 8. 1 12.9 14.0 . 1 Q 139. 9 0.0 0.0 4.4 0. 0. 1 £.e. 0. 0. 3.30 

154308 . L 0.0 41.9 0. C• . ~\2 139.9 S4.0 0.0 . 4 0 . 0. 5 44. 0. 0 . . 61 

154309 .1 0.0 45.7 0.0 . 02 139. 'J 72.0 0.0 . 3 0 . 0. 5'H. 0. 0. . E-1 

1:5431(1 .2 0.0 18.0 0.() . ~\2 139.9 60. •) 0.0 . 4 0 . 0 . 234. 0. 0. .56 
154311 . t 0.0 4.3 0.0 . 01 139. 'j 48.0 0.0 .3 0. 0. 56. 0. 0. .<44 

154312 . 1 0.0 u.. 2 0.(1 . (11 139.9 36.0 0.0 . 4 0. 0. 3 41 . 0 . (1. .H 

154313 .2 0.0 13.8 0.0 . 02 139.9 24.0 0.0 . 6 0 . 0. 1 79 . 0. 0. . 83 

ISUH 1. 3 1 2. 4 13.4 14.6 . OS 139. 9 12.0 0.0 3.6 0. 0. 1 75. 0. 0. 2. 65 

154315 2.€. 7.9 14.4 16.9 . 18 139. 9 0.0 0.0 6.7 1 7 3. 0. 187. 0. 19 9. 6. 05 

A54408 2:4 6.2 10.4 15.0 . 20 139.9 0.0 0.0 6.4 123 . 0. 13:5. 0. 140. 6. 87 

A54409 5.7 15.2 20.4 . 31 13'}. 'J -12.0 0.0 6.3 172. 0. 198. 0. 223. 10. 54 

A5H1C' 2.8 5. t 15.8 19.8 . 33 139. 9 -24.0 0.0 7.3 11 2. 0. 20b. 0. 232. 11.38 

A54411 1 . 7 12.4 15.4 16.4 . 11 1H. 9 -36.0 0.0 4.6 0. 0. 200. 0. 0. 3. 74 

A54412 1 . t: 13.0 15.6 H.S . 08 139.9 -48.0 0.0 4. 1 0 . 0. 2 02. 0. 0. 2. 70 

A54413 :{ 0.0 16.0 0.0 . 02 139. 'J -€·0. Q 0.0 .e 0. 0. 20,. 0. 0. . 5' 
A54414 «>.0 . 1 0.0 . C•t 139.9 -72.0 0.0 . L 0. 0. 2. 0. 0 . . 26 

·~4415 .0 0.0 . 1 0. 0 0.00 139.9 -84.0 9.0 .1 0. 0. 1 . 0. 0. . l 1 

ll44C>S 2.4 6.8 12.6 17 . (t . 21 139. 9 0.0 0.0 6.3 1 2 3. 0. 164. 0. 167. 7. 39 

1344(•, 3.2 5.3 16.3 U.2 . 32 1 39. 'J -12.0 0.0 13.2 109. 0. 212. 0. 230. 11 . 0' 

134410 3. 1 6.2 1 Ei. 1 19.2 . 29 139.9 -24.0 O.Ct 8. 1 1 4 7. 0. 210. 0. 220. 10. (16 

134411 1 . 1 13.9 13.9 14.0 .06 13,.9 -36.0 0.0 3.0 0. 0. 1 81 . 0. 0. 1. '~ .....,a 

134412 . ' 0.0 13.8 0.0 . 03 139. 9 -48.0 0.0 1 . 7 0. 0. 179. 0. 0. 1 . 01 ...pa 

134413 .1 0.0 . 1 0.0 . 01 139.' -60.0 0.0 .2 0. 0. 2. 0. 0 . . 44 N 

134414 . 1 0.0 . 1 0.0 .02 139. 9 -72.(' 0.0 . 3 0 . 0. 1 . 0. 0. . 56 

134415 .1 0.0 1.9 0.0 . 01 13,. 9 -84.0 0.0 . 4 0. 0 . 25. 0. 0. . 4i 

A5540S 1 . 1 14.8 H.S 16.4 . 09 242.4 Ct.O O.Ct 3.0 0. 0. 192. 0. 0. 3. u 
A55409 1 . 4 11.0 15.3 15.9 . 14 242.4 -12.0 0.1) 3.7 0. 0. 199. 0. 0. 4. 74 

A55410 1 . 2 13.8 17.4 17.6 . t 3 242.4 -24.0 0.0 3.2 Ct. 0. 226. 0. 0. 4. 53 
A55411 1 . 0 17.2 17.2 17 . 4 . 10 242.4 -36.0 0.0 2.7 0 . 0. 224. 0. 0. 3.32 

A55412 .6 0.0 H.O 0.0 . 05 242.4 - 4S. 0 0.0 1 . 6 0. 0. 209. 0. 0 . 1." 

·~5413 .3 0.0 17.6 0.0 .02 242.4 -60.0 0.0 . 7 0. 0. 229. 0. 0. . " 
A5541'1 .3 0.0 24.' 0.0 . 03 242.4 -72.0 0.0 . 7 0 . 0. 32'4. 0. 0 . 1. 18 

A55415 .2 0.0 14.2 0.0 . 03 242.4 -84.0 0.0 . 5 0. 0 . 185. 0. 0. 1. 01 

15540& 1. C) 11.2 11.2 11.8 . Oi' 242.4 0.0 0.0 2.7 0. 0. 145. 0. 0. 2.59 

155409 1. 3 13.6 14.8 18.7 .14 242.4 -12.0 (1,0 3.4 0. 0. 1 'JI2 • 0. 0. 4. 75 

155410 1 . 4 10.0 16.S 18.7 . 13 242.4 -24.0 0.0 3.6 0. 0. 219. 0. 0. 4.U 

15,411 1 . 1 17.3 17.3 18.0 . 11 242.4 -36.0 0.0 2.8 (•. 0. 225. 0. 0 . 3.U 

155412 . ( 0.0 14.' 0.0 . 05 242.4 -48.0 0.0 1 . s 0 . 0. 1 ~0. 0. 0. 1 . 84 

155413 .4 0.0 14.6 0.0 .03 242.4 -6Q.O 0.0 . 9 0 . 0. 18'L 0. 0. 1. u. 
I 5 54 14 .2 0.0 15.8 0. (• .03 242.4 -72.0 0.0 . 5 (•. 0 . 20:5. C). 0 . . " 
1,5415 . L 0.0 36.8 0.0 . 01 242.4 -84.0 0.0 . 5 0 . 0. 4 7e. 0. 0 . .48 

A5:530S .2 0.0 4.4 0.0 (I. (•() 242.4 84.0 0.0 . 4 <• . 0. 57. 0. 0. . 13 

A:n3Ci9 . 1 0.0 41.2 0.0 0 .1;•0 242.4 72.0 0.0 . 4 0. 0. 536. Q . Ct • .06 

A55310 . 1 0.0 20.0 0.0 . 01 242.4 60.0 0.0 . 3 0. 0. 260. 0. 0. . 25 

A55311 .2 0.0 13.3 0.0 . 02 242.4 48.0 0.0 . :5 0 . 0. 173. 0. 0. . 53 

A55J 12 . 2 0.0 4.7 () . (• • (t 1 242.4 3,.0 0.0 . 4 C> . 0. 61 . 0 . 0. .45 

A55313 .1 0.0 46.4 0.0 . (t 1 242.4 24.0 0.0 . 2 0 . 0. 603. 0. 0. .37 



RUH HUMBER 5 

----------------MODEl COHOITIOHS--------------
FILE PEAK 1~ ARR. PEAK 1~ EH~ SUM 
NAME COHC. TIME TIME TlM£ 

(~) <SEC> CSEC> <SEC) (X-S) 

A$:S314 
A:i:S3U 

.2 .. 0.0 
0.0 

14.' 
1-4. 1 

0.0 
0.0 

. 01 

.02 

-------------------------PROTOTYPE CONOITIOHS-------------------------------
POSITION PEAK 5% ARR. 15% ARR. PEAK 15% EHr: 5% EHI> SUM 

X Y Z COHC. TIME TIM£ TIME TIME TIME 
00 (") (") (%) <SEC) CSEC> CS£C) <SECI <SEc:> <X-S> 

242.4 
2-42 •• 

12 .o 
0.0 

0.0 
0.0 ·' 1 . 2 

0. 
0. 

0. 
0. 

190. 
183. 

0. 
0. 

0. 
0. 

. 30 

. 73 

...... 
+:a. 
w 



RUN HUftBER 7 

----------------nODEL COHDJTIOHS-------------- -------------------------PROTOTYPE COHOJTlOHS-------------------------------
fll( PEAk U ARR. PEAK U EHD SUfi POSITION PEAK 5~ ARR. 15:C ARR. PEAK tS:C EHC 5~~ EN I> SUJI 

IHtME COtiC. TlftE TiftE T I ftE X y z COHC. T II'E TUE TUE T I 11E TIHE 
en (SEC> (SEC) <SEC> <X-S) 00 <M) (ft) 00 (SEC) (SEC) (SEC> <SEC> <SEC> < x·-s > 

A71408 15.8 1.0 8.4 27.8 1. 55 36.5 0.0 0.0 33.7 20. 49. 109. 187. 310. 47.U 
A71409 12.4 1.1 9.3 25.9 1.18 36.5 -12.0 0.0 27.6 24. 68. 121 . 184. 27 0. 37 .u 
1171410 5.5 3.6 8.2 15.0 . 17 36.5 -24.0 0.0 13.5 7 '.:'. 0. 1(>7 . 0. 164. '." A7141 t .2 0.0 49.4 0.0 .01 36.5 -36.0 0.0 . 4 Ct • 0. 643. Q. 0. . 21 
A71412 . 1 0.0 .4 0.0 . 01 36.5 -48.0 0.0 . 2 0. 0. 5 . 0. 0. . 27 

A71413 . t 0.0 6.8 0.0 . 01 3i. 5 -60.0 0.0 .3 0. 0. tiS. Q. 0. . 24 
A71414 " 0.0 24.0 0.0 . 02 36.5 -72.0 0.0 . 5 0. 0. 311 . 0. 0 . .u 

• .tt. 
A71415 .1 0.0 21.6 0.0 . 01 36.5 -84.0 0.0 . 3 0. Q. 281. 0. 0. . tU 

171-408 
17 ·' 

.s 12.8 24.5 1. 50 36.5 0.0 0.0 36.6 19. 42. 1£6. 183. 21 s·. 4S. 52 

1714 0' 15.3 1.7 12.' 26.8 1. 27 36.5 -12.0 0.0 32.8 28. 48. tU. 186. 27 4. n.,, 
t71410 7. 1 3.3 ,_3 16.9 . 20 36.5 -24.0 0.0 17 . 1 5'. 82. 82. 144. 183. '." 
171411 . 2 0.0 41.6 0.0 0.00 3i.~ -36.0 0.0 . 4 0. 0 . :':141). 0. 0. .u 
171412 . 1 0.0 . 4 O.C> 0.00 36.!5 -48.0 0.0 . 2 0. 0. 5 . 0. 0. .u 
171413 . 1 Q.Q .5 o.C. .Ctl 36.5 -60.0 0.0 . 2 0. 0. 7 . 0. 0. .35 
171414 . 1 0.0 .2 O.Ct . 01 3£.5 -72.0 0.0 . 3 0. 0. 2 . 0. 0. . 21 
171415 . 1 0.0 20.2 0.0 0.00 36.5 -84.0 0.0 .2 0. 0. 2£.3. 0. 0. . 17 

C7U09 . 1 0.0 33.6 0.0 . Ot 36.5 84.0 0.0 .2 0. 0. 436. 0. 0. .u 
C713H . 1 0.0 .0 0.0 . 01 36.5 72.0 0.0 .2 0. 0. 1 . 0. 0. . 37 
Ci'U10 . 1 0.0 34.0 0.0 .01 36.5 £0.') 0.0 . 2 0 . 0. 443. 0. 0. .41 
C71311 .2 0.0 38.0 0.0 . 01 36.5 48.0 0.0 . 4 0 . 0. .. , ... o. 0. . 32 

c1 us~ . 1 0.0 17.7 O.Ct 0.00 36.5 36.0 0.0 . 3 0. Q. 230. 0 0. . 05 

C7U13 .6 0.0 12.6 O.Q Co.QO 36.5 24.Q 0.0 1.7 0. Q. 164. 0. 0. .li 
C7U14 12. 1 1.8 11.3 19. 1 .70 36.5 12.0 0.0 27.1 44. 64. 14?. 175 228. %2.11 
C713l5 14.5 .8 10.3 2:L 1 1.44 36.5 0.0 0.0 31 ... 21. 46. 134. 186. 301. 44.U 

07UOB .2 0.0 .4 0.0 . 01 36-.:"J 84.0 0.0 .4 0. 0. ~. 0. 0. . 27 .-
07UU . 1 0.0 25.6 0.0 . 01 3i. 5 72.0 0.0 . 3 0. 0. 333 . 0. Q. .26 

071310 . 1 0.0 26.0 0.0 .01 36.5 £0.0 0.0 .3 0. 0. 337. 0. 0. .22 ~ 

07Uil . 1 0.0 .3 O.Ct . 01 36.5 48.0 0.0 .3 0. 0. 4. 0. 0. .u ~ 

071312 . 1 0.0 . 2 0.0 . (ll 36.5 36.0 0.0 .... 0. 0. 2. 0. (1, . 29 ·"' 
071313 .e 0.0 13.7 0.0 . 01 36.5 24.0 0.0 2.0 Ci. 0. 178. 0. 0. . 32 

D7Ut4 14.3 1.7 12.5 22.3 . 75 3,.5 12.0 0.0 31 . 1 23. 63. 162. 17,. 27i. 23. 7tt 

07UI5 H.O . ' 12. 1 28., 1. i4 36.5 0.0 0.0 34.0 1 7. 52. 158. 187. 26,. .., . 7J 
-72JOS .2 0.0 17.0 0.0 . 02 56.' 84.0 0.0 .6 0. 0. 222. 0. 0. ·" A7230CJ . 1 0.0 28.4 0.0 . (•1 56., 72.0 0.0 . 3 0. 0. 370 . 0. 0. .u 
A72:310 .t 0.0 27.7 0.0 . Ot 56., 60.0 0.0 . 4 0. 0. 360 . 0. 0. .31 

A72Jtl 2 0.0 27.2 0.0 . til 5i.CJ 48.0 0.0 ·' 0. 0. 3:53. 0. 0. .43 

A72J12 . 1 0.0 48. 1 0.0 . 01 56.' 36.0 0.0 . 3 0 . 0. 625 . 0. 0. .23 

"72313 .3 0.0 13.9 0.0 . 02 56.9 24.0 0.0 . 8 0. 0. 1 a 1 . 0. 0. .65 
A7Ul4 '·' l.S ,_s 15.4 . 30 56.' 12.0 0.0 22.2 H. 118. 128. 132. 195. '.10 
U2315 10.5 1.6 12.£ 22.3 .8CJ 56.9 0.0 0.0 24.2 38. 94. 163. 187. 25 f,. zt. 50 
172l~S "' 0.0 41.6 O.Co . (•1 56.9 S.f.O 0.0 .4 (1 . 0. 541). 0. 0. .34 

. I. 

172309 . 1 0.0 45.8 0.0 0.00 56., 72.0 0.0 .3 0. 0. ~n5. 0. 0. . Oi 

112310 . 1 0.0 . 1 0.0 0.00 56.9 60.0 0.0 . 4 0. 0 . 1 . 0. 0. . 17 

172311 . t 0.0 48.0 0.0 0.00 56., 48.0 0.0 .3 (1. 0. (,24. 0. 0. . 06 

172312 . t 0.0 1.6 0.0 0.00 S6.9 36.0 0.0 . 2 0. 0. 2 t . 0. 0. .02 

172113 1 . t 12. 4 12.4 12.5 . Ot 5i.' 24.0 0.0 3.0 0. 0. U.l. 0. 0. .41 
172314 7., 3.4 11.5 14.7 . 35 5i. 9 12.0 0.0 18.1 58. 149. 150. 158. 1 ?6. ll . 54 

172315 CJ.3 2. 1 13.0 20.5 . 75 56.' 0.0 0.0 21 ·' 
41. 74. 170 174. 219. 24. '' 

U24U 1(o. t 1.4 12.0 22.2 . 91 5i.9 0.0 0.0 23.3 30. '' . 157. 168. 250. 29. S1 

1172409 CJ.O 3.6 12.6 17.0 .47 56.' -12.0 0.0 21 . 1 49. 151 . li4. 173. 20i. U. 70 



RUH KUI1BER 7 

----------------MO~El COHD!TlOHS-------------- -------------------------PROTOTYPE COHOITIOHS-------------------------------
FILE PERIC: 1:( t!RR. PEAK a EtiJ:r SUH POSITION PEAK 5:( ARR. 1 ~~ ARR. PEAt:: 15!( EHD 5!( EHI> SUr! 
HAME CONC. TIME TI !1£ rr ME X y z CONC. TIME TIME TIME· TIME TIME 

( ~ ~f <SEC I <SEC> <SEC) < >: -s > 00 on ( 11) 0:) <SEC> <SEC) <SEC) (SEC I <SEC I < x -s) 

A72410 3.2 5.4 13.2 13.9 . 10 56.9 -24.0 0.0 8.3 12 7. 0. 172. 0. 17 8. 3.4Q 

A 72'4 t 1 .2 0.0 2('.0 0.0 .02 56.9 -36.0 0.0 .5 0. 0. 260. 0. 0. . 73 

A72412 .1 0.0 14.4 0.0 . "1 56.9 -48.0 0.0 .3 o. 0. 187. 0. 0. . .U 
Ai'Z413 .... 0.0 26.6 0.0 . ~'2 56.1;1 -6Q.O 0.0 .5 0 . 0. 345. 0. 0. 

. '' . e. 
A72414 .2 , •. 0 32.2 Q (o . 03 56.9 -72.0 0.0 . 6 li. 0. 419 . C:•. 0. .H 
A?N15 .... 0.0 26.8 0.(1 .03 56.' -84.0 (1.0 .5 0 . 0. 34~. 0. 0. . 88 

B724QS 1 C:• • 7 1.8 13. 1 u.s . 'J6 56.9 0.0 0.0 24.5 34. 78. 170. 185. 26ft. 31. 12 

872HIS 1.? 2.6 10.1 22.5 . 51 56.9 -12.0 0.0 18.4 41. 127. t 39. 179. 274. 18. S3 

IJ72410 2.5 ~.2 10.7 15. 1 . 07 56.9 -24.0 0.0 6.6 83. 0. 1 39. 0. 148 . 2. 31 

8 7 24 1 t 2 co.o 6.2 0.0 . 01 56.~ -36.0 0.0 . 4 (• . 0. 81. 0. 0. . 33 

872412 . 1 0.0 35.9 0. (• . 01 5~.9 -48.0 0.0 .3 0. 0 . H7. 0 0. 30 

872413 I 0.(1 16.2 0.0 . 01 56. 'J - bQ. (I 0.0 . 3 0. 0 . 210. 0. 0 . 31) 

872414 .2 0.0 27.0 o.o . Ol 56.'J -72.0 0.0 . 4 0. 0 . 351. 0. 0. . 30 

872415 . 1 ¢.0 2('. 4 0.0 . 01 56.9 -84.0 0.0 . 2 0. 0 . 265. 0 . 0. . Z2 

A73408 ~. (• 3. 1 10.2 20. 1 .48 91. 2 0.0 0.0 14. 7 57. 0. 1 :?.3. 0. 242. 16.27 

A734Ct9 3., 4.5 11.6 21. 7 . Z5 91. 2 -12.0 0.0 10.0 65. 0. 1 51 . 0. 1 7 1 . 8.,4 

R7341Q 1 . 4 5. 1 5.2 8.4 .07 <Jt. 2 -24.0 0.0 3.6 "· 0. 67. Q. 0. 2. 34 

A73411 t . 2 7.4 7.4 7 4 . 01 91.2 -36.0 (1.0 3.3 0. 0. %. (1, 0. . 2' 
R73412 .0 0.0 20.4 Q. (o . 01 91 . 2 -48.0 0.0 . 1 0. 0. 2H. 0. 0. . 3:5 

A73413 .1 0. ~' 40.8 (I . (• . (o 1 91.2 -60.0 0.0 . 2 0. 0. 5 30. 0 . 0 .H 

A73414 . 1 0.0 42.0 0 0 . (• 1 91.2 -72.0 0.0 . 4 li . 0. 5 45. 0. 0 . 27 

R73415 .0 0.0 3'.!1. 7 0. (• . 01 CJt. 2 -84.0 0.0 . 1 0 . 0. 516. 0. co. . 31 

873408 t.~ 2.7 c;.,3 1 e. 1 . 53 91. 2 0.0 0.0 1i. 0 59. 120. 121 . 122. 20 ''- 17 f,J 

173409 6.7 3.9 14. 1 21 . 1 . 52 91.2 -12.0 0.0 16.3 56. 183. 1 84. 185. 210. 17. 43 

87341(1 3.5 5.7 13.9 14. e . 21 'H .2 -24 ,(J 0.0 '.<:0 14 1 . 0. 180 . 0. llH. 7. 31 

873411 .6 0.0 14.6 0.(1 .02 CJ1.2 -36.0 0.0 1 . 5 0. 0. 1 'JIQ. 0. 0. . 86 

873412 . 1 0.0 13.4 0.0 . 01 91.2 -48.0 0.0 .J 0. 0 . 175. 0. 0. . 30 ~ 

873413 . 1 0.0 :n. 2 0.0 . c:ot 91 . 2 -60.0 0.0 . 4 0. 0. 510. 0. 0 . 3' ~ 

873414 .3 0.0 12.(1 0.0 . 01 'J 1 . 2 -72.0 0.0 • <J (• . 0. 155. 0. 0. .42 CJ'1 

873415 .2 C>.() 12.0 0.(1 .Co2 ~1 . 2 -84.0 0.0 . 4 (• . 0. 155. 0. 0. .74 

U330S . 1 0.0 45.5 0.0 0.00 91 . 2 84. (I (•. 0 .3 0. 0. 5 91 . 0. 0. . 15 

A7330' .1 0.0 44.3 0. (• .02 91.2 72.0 0.0 .3 0. 0. 5 76. Co. 0. .5, 

Ri'3310 .1 0.0 44.6 Q • (o 0. (o() 91. 2 E-9.0 0.0 . 3 0 . 0. 5 8fl. 0. 0. . 06 

A73311 . 1 0.0 44.7 0.0 .01 CJ1 .2 48.0 0.0 . 2 0. 0 . 581. 0. 0. . 31 

R73312 . 1 Q.O .0 0.0 . (•1 91 . 2 36.0 G.O . 2 0 . 0. 1 . 0. 0. . 22 

A73313 .4 0.(1 7.6 0 • (o . Ot ~~. 2 24.0 C),(l 1 . 1 0. 0. 99. 0. 0. . 37 

A73-~14 2.5 s.e €·. 2 14.0 .vi' 91. 2 12.0 Q.O 6.4 80. 0. 81. 0. 137. 2.57 

A?3315 4.3 3.7 11.9 19.6 . 37 91.2 0.0 0.0 1(1.8 70. 0. 1 54. 0. 179. 12. 54 

8 7 3306 .2 0.0 tO.(! 0.0 .<:ot 91 . 2 134.0 0.0 c 0. 0. 129. 0. 0. . 37 
·" 

873309 . 1 Ct. (I 12.6 0.0 0. C•O 91. 2 72.0 0.0 . .:. 0. 0. 164. 0. 0. . 09 

873310 .0 0.0 39.4 0. (• 0. (.o() 91. 2 60.0 0.0 . 1 (•. 0. 512. 0. 0 . . 17 

873311 .1 0.0 35.4 0.0 o.coo 91.2 48.0 0.0 . 3 0 . 0. 461. 0. 0. .01 

873312 . 1 0.0 37.2 0.0 .01 91. 2 36.0 0.0 .3 0. 0. 4 84. 0. 0. . 29 

873313 .6 0.0 13. 4 0.0 . 02 91. 2 24.0 0.0 1 . 7 0. 0 . 174. 0. 0. .5, 

873314 3.4 5.9 7.2 15. 1 .16 9 t . 2 12.0 0.0 9.7 86. 0. <H. 0. 19 2. 5.42 

&73315 5.3 2.6 11.2 19.4 .38 91.2 0.0 0.0 13.2 55. 0. 145. 0. 18 b. 12.75 

A7430S . 1 0.0 14.2 0.0 . 01 tH.'JI 84.0 0 . c, .4 0. 0 . 185. 0. 0 . .23 

Ai'43¢9 . 1 0.0 39.6 0.0 0.00 1 39. ~· 72. <) 0.0 . 4 (o . 0. !!15. 0. 0 . . (IJ 

A74310 .0 0.0 .3 0.0 . 01 139. 'll 6C.•. 0 0.0 .1 r,. 0. 4. 0. 0. . 33 

A74311 .1 0.0 33.£ 0. <• (1.1.'0 139. 9 48.0 0.0 . 3 (o 0. 437 . 0. 0. . t 2 



RUN NU"8ER 7 

----------------"O~El COHDlTIOMS-------------- -------------------------PROTOTYPE COHOITIOHS-------------------------------
FILE PEffK U ARR. PEAK U EHO SUit POSITION PEAK 5~ ARlit. 15~ ARR. PEAK 154 EHI) 5~ EHI> su" 
NAME cot: c. TI"E TI"E T I HE X y z COHC. TIME TIIU Tli'IE T II'IE TIME 

( ~ i <SEC) (SEC) <SEC> < x-s > (") (") (ft) (i~ i <SEC) (SEC> <SEC i <SEC i (SEC i < x-s) 

A74312 . 1 0.0 10.5 0.0 . 01 13,.' 36.0 0.0 .3 0. 0. 1 37. Q. Q. . zo 
A74313 " 0.0 13.7 0.0 0.00 139. 9 2<4.0 0.0 . 4 0 . 0 . 178. 0. 0. . 15 

• £ 

A74314 1.5 'J. 7 14.0 14.7 . 06 13,. 9 12.0 0.0 3.9 0. 0. 183. 0. 0. 2. 10 
A?-4315 2.3 5.0 1<>.7 1~.<> .17 139.~ 0.0 0.0 6. 1 135. 0. t 39. 0. 178. 5. 84 

1743013 .2 0.0 24.8 0.0 . 01 139.9 84.0 0.0 . 4 0 . 0. 322. Q. 0. . 41 

174309 ·' 0.0 24.4 (). (• . 02 139.9 72.0 0.0 . 5 0. 0. 317 . 0. 0. . 81 

174310 .3 0.0 29.7 0.0 . (•1 13'J.' E-O.Q 0.0 . 7 0. 0. 386 . 0. Q. . 50 

874311 . 1 <>.0 38.0 0.0 .02 139.9 48.0 0.0 . 3 0. 0. 4'i'5 . 0. 0. .67 

174312 . 1 0.0 8.5 0 (t . 01 13,.9 36.0 0.0 .3 0. 0. 11 Q. fi. 0. . 34 

874313 . 1 C>.O 11.2 0. (• 0.00 139.9 24.0 0.0 . 3 Q. 0. 145 . 0. 0. . 07 

174314 1. 3 1 1 . :5 11. 8 14.2 . C•6 139.<J 12.0 0.0 3.6 0. 0. t S3. fi. 0. t. 'e 
87-4315 4.4 £.5 11 . 6 15. s . 30 139.9 0.0 Q.O 11 . 1 108. 0. 1 51 . 0. 201. 10. 02 

A74408 3.5 4.2 1¢.3 1i.3 . ze 13<J.' 0.0 0.0 e . ., ''. 0. 134. 0. l'H. ,,46 

1\744!19 3. 1 4.5 8.6 16.4 . 25 139.' -12.0 0.0 7.9 'J7. 0. 112. 0. 190. 8." 
A74410 2.2 6.0 11.3 13.2 . 16 13CJ. 9 -24.0 0.0 5.7 146. 0. 147. 0. 164. 5.46 

A74411 .6 <>.0 11.9 0.0 . 03 139.' -36.0 0.0 1 . 7 0. 0. 155. 0. 0. . '7 
A74412 .2 0.0 13.fi 0.0 . "1 139.<J -48.0 0.0 . 6 ¢ . 0. lf..'. Q. 0. . 2' 
A74413 .0 0.0 47.2 0.0 0. C•O 13~.' -60.0 0.0 . 1 0. 0. 613 . 0. 0. .a 
1\74414 . t 0.0 44.4 0.0 0.00 13'J.<J -72. (j O.Ci . 3 0. Q. 577 . Q. 0. .0, 

A7H15 .0 0.0 4?. 4 0.0 O.QO 133.9 -84.0 0.0 . 1 0. 0. 617 . 0. 0. . 06 

1744(r8 3.8 4.7 <J.3 17.2 .31 139.' Q.Q 0.0 '·' e 7. 0. 1 21 . 0. 1 e e. 10.70 

1144¢9 4. 1 5.<> 13.3 18.3 .37 139. 9 -12.0 0.0 10.4 86. 0. 173. 0. 213. 12.4i 

174410 -4.2 7.8 13.2 17.9 . 25 139.<J -24.0 0.0 10 7 137. 0. 172. Q. 1<JO. 8. 43 

IH411 1. 3 13.8 13.8 14.7 .04 139.9 -36.0 0.0 3.5 0. 0. 180. 0. 0. 1. 29 

174412 . 1 O.Q 6.0 0.0 . 01 1::n., -48.0 0.0 . 4 0 . 0. 7'L Q. 0. . 3' ...... 
874413 . 1 0.0 47.' 0.0 . 01 139.9 -60.0 0.0 . 4 0. 0. 623 . 0. 0. . 48 +::-

174414 2 0.0 2.6 0.0 . t•2 1H. <J -72.0 Q.O . 4 C:•. 0. 33 . Q. 0. . 5' 0'\ 

1744!5 .1 Q.O 30.3 0.0 . 02 139.9 -84.0 0.0 .4 0 . 0. 3H. 0. 0. .be 

A75408 2.2 1 1 . 9 13.9 15.3 . 11 242.4 0.0 0.0 :5.7 178. 0. 1 80. fi. 1 e'. 3.,. 

147540~ 2.0 11 . 3 14.9 u;. 7 . 15 242.4 -12.0 0.0 5.3 1 9 3. 0. 1 lil3 . 0. 197. s. oa 
A75410 1 . 3 9.0 10.6 ~~. 7 . 12 242.4 -24.0 I).Q 3.4 0. 0. 138. Q. 0. 4.Z3 

IH5411 1 . 2 8.8 9.2 19.2 . 1 1 242.4 -36.0 0.0 3.3 0. 0. 120. 0. 0. 3.95 

A75412 1. Q 0.0 ,,4 0.¢ .06 242.4 -48.0 0.0 2.5 ¢. 0. 122. 0. 0. 2 . 11 

A7:S41J .s 0.0 10.1 ('.0 . 04 242.4 -60.0 0.0 1.' 0. 0. 139. 0. 0. 1. 32 

A 7 5414 .2 0.0 17.8 0.0 . 03 242.4 -72.0 0.0 . 7 0 . 0. 2 31. Q. 0. . , . 
A7.541S . t Q.O 3(1. 3 0.0 . (12 242.4 -84.0 0.0 . 4 0 . 0. 394 . 0 0. ·" 175408 1. 9 10 . ., 15;' 17. 5 .u 242.4 0.0 0.0 5.0 0. 0. 207. 0. 0 . 5. 08 

17 5409 2. 1 9. 1 15.€. 17.9 . 20 242.4 -12.0 0.0 5.6 203. 0. 203. 0. 213. '. 8J 
175410 1 . 7 7.4 15.6 16.7 .17 242.4 -24.0 0.0 4.5 0. 0. 2 03. 0. fi. 5. 75 

87:5411 1 . 1 10.<> 10.0 1t. 4 . 06 242.4 -36.0 0.0 2.9 0 . 0. 131 . 0. 0. 2. 18 

875412 .3 0.0 14.6 0.0 . 01 242.4 -48.0 0.0 . 6 0 . 0. 18'L Q. 0. . 38 

en4tl . 1 ('.0 7.9 0.0 <>.00 242.4 -(,() .0 0.0 . 3 (•. 0. 1 (•2. 0. 0 . . 17 

87~414 .2 0.0 . 1 0.0 .CH 242.4 -72.0 I). Q .4 0 . 0. 1 . 0. 0. . 2' 
8 7 !5415 . 1 <>.o 8.8 (). (• 0. (.\C) 242.4 -84.0 0.0 .2 0 . 0. 114. 0. 0. . OJ 
A75308 . 1 0.0 20. 1 0.0 . ot 242.4 84.0 0.0 . 4 0. 0. 261 . Q. 0. .40 

A7!53¢9 . 1 0.0 47. s 0.(1 . 01 242.4 72.0 0.0 .4 (l • 0. 621. 0. <>. . 32 

A75310 .1 0.0 .6 0.0 . 01 242.4 60.0 0.0 . 4 0 . 0. e. 0. 0. . 25 

A7!5311 . t 0.0 47.5 0.(1 (•. 0() 242.4 48.0 0.0 .3 Q . 0. 617. 0. 0. .08 

A7.5312 .3 0.0 23.2 Q.(t .¢4 242.4 3i.O 0.0 .9 0. 0. 302. 0. 0. 1. 54 

A7!5313 " 0.0 14.7 0.0 . (•1 242.4 24.0 0.0 .4 0. 0. Ut. 0. 0. .19 
·" 



RUM NU"IER 1 

---------------~"ODEl COHDlTlOHS-------------- -------------------------PROTOTYPE CONDITIONS-------------------------------
FILE PEf4K U ARR. PEAK 1:( E!itr SUI'I f'OSI TI ON PERK 5~ ARR. 15:0: fiR F.. PEAK 1'~ Etlv 5:.: Ettr> SUI'I 

NAKE CO tiC. TIME TII'IE TI 11£ X '( z CONC. TitlE TIME TIME TIME TIXE 
( ~ :; (SEC;. <SEC) <SEC> < x-s > (!'() 00 (10 < ~ ;. <SEC> <SEC) <SEC) <SEC> (SEC;. < x -s; 

1\7:5314 !S 0.0 14.6 0.0 .03 242.4 12.0 0.0 t . 4 0. 0. 1 '(). 0. 0. . '' 
A7,315 1. 4 12.2 14.4 14.8 . 09 242.4 0.0 0.0 3.7 0. 0. 18?. 0. 0. 3. 13 

875308 . 1 0.0 32.2 0.¢ . 01 242.4 84.0 0.0 .4 0. 0. 411L 0. 0. .18 

87530~ .2 Q.O 2.3 0. (• . (• t 242.4 72. () 0.0 .5 o. 0. 30. 0. "· . 27 

875310 .0 0.0 44.8 0.0 . 01 242.4 60.0 0.0 . 2 0. 0. 583 . 0. 0. .33 

17531 1 . 1 0.0 .0 0.0 . (•1 242.4 4S.O Q.O . 2 0. 0. 1 . Q . 0. .43 

875312 . 1 0.0 . ! 0.¢ . (It 242.4 36.0 0.0 . 3 Cr. 0 . 2 . 0. 0 . 25 

175313 .1 0.0 .4 0.0 . 01 242.4 24.0 0.0 . 4 0. 0 . ~. 0. 0. .40 

8 7~314 1.4: 12.7 12., 14.3 . 07 242.4 12.0 0.0 3.2 0. 0. Hi' . 0. 0. 2.1.51 

87531~ 1. 4 lJI.S 1C>.6 12.7 . 11 242.4 0.0 0.0 3.6 0. 0. 139. 0. 0. 3. 83 

A7t.308 .2 0.0 45. 1 0.0 ,(It 3'il<;.S 84.0 0.0 . 4 0 . 0. 581. 0. Q. .u 
A7£30~ .2 Q.(l 35.1 (I . (• . Ot 399.9 72.0 0.0 .4 C>. 0. 457. 0. 0. • 31 

A76310 . 1 0.0 28.f, o.o .Ctl 39,.8 E-0.0 0.0 .3 (1, 0. 371. Q. 0. • 3:5 

Ai''J t1 . 1 0.0 47. s 0. (• .02 Jl)li). s 48.0 0.0 . 3 0. 0. 622 . Q. 0. .55 

RHt312 .1 Q.(t 44.2 I). (• . (t 1 H<J. e 3~.0 0.0 .2 0. 0. 574. 0. 0. .37 

A7£l13 . t 0.0 20.7 0.0 O.QQ 399. s 24.0 0.0 . 3 0. 0. 21>9 . o·. 0. .u 
A7ft314 . 2 0.0 34.3 ¢.¢ . (tt H<J. 9 1Z .0 Q.O . 4 Q . 0 . 446. 0. Q. .40 

RHJ15 .4 0.0 12~2 0.0 . 03 399.8 0.0 0.0 1. 2 0. 0. 158. 0. <:>. 1. 07 

8 7 f-308 .2 0.0 48. 1 0.0 . 01 39,.9 84.0 0.0 . 5 Q . 0. 625 . Q. Q. . 23 

9?bl09 . t 0.0 46.0 0.0 0.00 399.8 72.0 0.0 .4 Q. 0. 5 99. Q. Q. . 14 

8H3U .1 Q.O 4.2 0.0 Cr.OO 39<J. 9 60.0 0.0 .3 0. 0. 55 0. 0. . 14 

l?b311 . 1 0.(1 .2 0.0 . 01 399. s 48.0 0.0 . 2 Co. 0. 3 . 0. 0. 18 

17£312 . 1 O.Q .2 0.0 0.00 H9.8 36.0 Ci.C< . 2 Cr • 0. 3. Cl. (•. . 13 

1?£313 . 1 ¢.¢ 41. 8 ¢.¢ 0.00 H<J. 8 24.0 0.0 .3 Ct. 0. 544. 0. <:>. . 02 1-1 

8H314 . 1 0.0 .2 0.0 (1.00 399.9 12.0 O.Q .3 0. 0. 3. o. 0. .u ..j::oo 

IH.l15 .4 0.0 11.5 0.(1 . 02 399.8 0.0 0.0 1.2 0. 0. 150. 0 . 0. . 74 ........, 



RUN NU"IEit • 
----------------I'IODEL COHOITIOHS-------------- -------------------------PROTOTYPE COHOITIOHS-------------------------------

FILE PEAk 1~ ARR. PEA.: U EHD su" POSITION PEAK 5:C ARR. 1 :5:C ARR. PEAK 15~ EHO 5:C END su" 
HARE COHC. TinE Tt I'IE T II'IE X y z COHC. TJftE TiftE TII'IE T II'IE TII'IE 

( ~; > C SEC) <SEC> <SEC) < x-s > (") (ft) (") o; > C SEC> CSEC> <SEC) C SEC> C SEC) c x-s > 

Ul308 . 7 0.0 16.0 0.0 .03 36. s 84.0 0.0 1. 8 0. 0. 209. 0. 0. . " 
A81309 2.6 10.8 12.0 15.i .11 36.5 72.0 0.0 6.8 144. 0. 155. 0. 18 9. 3.85 

U1310 4.3 8.9 10.2 1'.0 .22 36.5 £0.0 0.0 10.9 11 '. 0. 132. 0. 193. 7.37 

A81311 1.6 6.6 9.6 28.4 . '1 36.5 48.0 0.0 18.2 89. 110. 124. 142. 210. 16.i8 

A81312 8.9 5.4 9.5 30.2 .78 36.5 36.0 0.0 20.8 12. 98. 124. 151. 363. 25.37 

A81313 11 . 5 2.9 8.6 32. 1 1. 34 36.5 24.0 0.0 26.1 45. 76. 112. 163. 36~. 42.70 

1\81314 13.5 1.7 9.2 40.8 1. 94 36.5 12.0 0.0 29.6 34. 58. 11'. 192. 484. 60.92 

A81315 9.6 2.6 13.5 48.4 1. 74 36.5 0.0 0.0 22.3 42. 71 . 111 . 187. 41 ~~. 56.06 

181309 "" 0.0 13.0 0.0 . 01 36.5 84.0 0.0 . 4 (1. 0. t£8. 0. 0 . . 47 .... 
881309 . 4 0.0 15.4 0.0 . 01 36.5 72.0 0.0 1. 2 0. 0. 239. 0 . 0 . . 34 

881l1C' 3.3 H. 2 17.2 19.3 . oa 36.5 60.0 0.0 8.5 214. 0. 224. 0. 236. 2.81 

881311 5.4 8.6 15.3 25.2 . 51 36.5 48.0 0.0 13.4 117 . 0. "'· 0. 2". 11." 

8U312 6. 1 6.0 14.9 26.7 .75 36.5 36.0 0.0 14 .s 82. 0. 193. 0. 333. 24. 72 

111313 ,,0 4.4 9.2 28.6 1. 18 36.5 24.0 0.0 21 . 1 58. 81 . 120. 194. 360. 37." 

881114 13.0 2.9 8.9 43.2 2.09 36.5 12.0 0.0 28.9 43. 59. 11'. 234. 527. ".53 

881315 10 .i 2.0 9.2 47.7 2.02 36.5 0.0 0.0 24.2 H. 72. 120. 235. ~44. f,5. 01 

A8140S 9.9 2.8 8.8 40.0 1.70 36.:5 0.0 0.0 22.8 38. 72. 1 t 5 . 194. 421. 54.:54 

A814 09 10., 3.6 8. 1 41 . 1 1 . !57 36.5 -12.0 0.0 24.8 48. 72. 1 Of.. 180. 4:1'. !50. 47 

R8t410 7.5 4.5 11.0 35.£ . 97 36.:5 -24.0 0.0 l8 .0 68. t 02. 143. 1' 0. 445. 32.U 

1\81411 6.3 !!I.e 11.4 34. 1 
. '" 36.!!1 -36.0 0.0 15.3 80 . 148. 148. 149. 211. 16.48 

UH12 3 . 1 12. 0 12.6 16.4 . 12 36.5 -48.0 0.0 8.0 ISS. 0. 164. 0. 184. 4. 07 

A81413 1 . 7 13.3 13.5 14.6 .03 36.5 -£0.0 0.0 4.4 0. 0. 176. 0. 0. 1. u 

A81414 .... 0.0 .3 0.0 . 01 u.s -72.0 0.0 .5 0. 0. 4. 0. 0. .47 ....... 
Al1•415 . 1 0.0 33.8 0.0 . 01 36.5 -84.0 0.0 . 2 0. 0 . 440. 0. 0. . 24 ~ 

111408 13. C· 2.2 9.0 40.5 1. 1)8 36.5 0.0 0.0 28.8 37. ". 118. 212. 441. U.80 (X) 

181409 'L7 2.6 9.2 3~.4 1. 46 36.5 -12.0 0.0 22.f. 41. 81. 1 ZC• . 160. 452. 47. t 7 

881410 4.13 3.6 9.0 30.6 . 68 u.s -24.0 0.0 12.0 50. 0. 1 1 7 . «.'. 31) 3. 22. 79 

111411 2.3 e.5 11.6 14. e . 12 36.5 -36.0 0.0 5., 147. 0. 151 . 0. 163. 4. OJ 

881412 . 1 CI.O 7.3 0.0 . 01 36.5 -48.0 0.0 . 3 0 . 0. 95. 0. 0. . 22 

111413 . 1 0.0 80.0 0.0 .02 3i. 5 -60.0 0.0 . 3 0 . 0. 10 41 . 0. 0. . 80 

881414 .c. CI.O 87.0 0.0 . 03 36.5 -72.0 0.0 . 4 0 . 0. 11 31 . 0. 0. 1. 01 

181415 . 1 0.0 86.0 0.0 . 01 36.5 -84.0 0.0 . 2 0 . 0 . 111 7 . 0. 0. .33 

A82408 5.8 4.4 10.2 35.9 . 94 56.9 0.0 0.0 14.3 64. 0 . 132. 0. 370. 31.3:5 

Al2409 5.4 4.9 10.5 42.3 . 85 56.9 -12.0 0.0 13.3 73. 0. 136. 0. 320. 21." 

A82410 4.2 5.7 9.4 28. 1 . 52 56.9 -24.0 0.0 10.6 85. 0. 122. 0. 310. 17.49 

A8241t 3.8 6.3 e.5 28.2 .48 56.9 -36.0 0.0 9.5 92. 0. 111 . 0. 32:5. 16.18 

R82412 2.8 7.1) tC>.O 27.8 . 36 56.9 -48.0 0.0 7. 1 10£. 0. 131. 0. 291. 12.22 

Al2413 2.4 9.0 10.8 26.2 .25 56.9 -f.O.O 0.0 '. 1 133. 0. 140. 0. 301. 1.64 

1'1241-4 1.' 11.8 21.5 22.6 . 10 56.9 -72.0 0.0 4.2 0 . 0. 280. 0. 0. 3.:53 

A82415 .4 0.0 21.2 0.(1 .CIJ 56.9 -84.0 0.0 1 . 1 0. 0. 276. 0. 0. 1. (18 

882408 5.9 4. 1 14. 1 43.3 1. 00 56.' 0.0 0.0 14.5 u. 0. 184. 0. 3H. 33.30 

882409 4.i 4.7 15.5 32.8 . so 56.9 -12.0 0.0 11 . ' 74. 0. 201. 0. 372. 26.78 

882410 3.6 5.3 10.2 33.5 .60 56.9 -24.0 0.0 9.2 100. 0. 132. 0. 267. 20.32 

882411 2.7 6.5 9.7 35.9 .46 56.9 -36.0 0.0 7. 1 110. 0. 126. 0. 394. 15.77 

882412 2.1 17.7 2<'.~ 21.8 . 17 ~6.9 -48.0 0.0 5.4 265. 0. 2££. 0. 272. :5.75 

882413 . 7 0.0 21.4 0.0 . (If, 5f,. 9 -£0.0 0.0 1.9 0. 0. 278. 0. 0. 1. 9!5 

8824 t4 .4 0.0 56.5 0.0 . 07 5,.9 -72.0 0.0 1 . 0 0. 0. 734. 0. 0. 2.32 

88241!5 "" 0.0 81.1 0.0 .02 56.9 -84.0 0.0 . 5 0. 0. 1055 . 0. 0. ·" .c. 
--82308 .... C>.O 21.5 0.0 .02 ,,,9 84.0 0.0 . 5 0 . 0. 280. 0. 0. ·" A82309 .2 0.0 68.£ Q.(l . 03 56.9 72.0 0.0 . 4 0 . 0. 1391 . 0. 0. . 97 



IUN MUMIEI 8 

----------------MODEl CONDITIONS-------------- -------------------------PROTOTYPE COHOITIOHS-------------------------------
FILE PEAr. t:< ARF.. PEAK U EHI> SUH POSITION PEAK :5~ AU. 1:5~ AU. PEAK 1:5~ EHO !5:< EHI> SUft 

HAME CO tiC. TIME T II'IE TIME X y z COHC. TIKE TIME TIME TIME TIME 
( ~;. <SEC I <SEC) (SEC I < x-s > (10 (") ( ") ( ~ ;. <SEC) <SEC> < SECi < SEC > <SEC> < x-s > 

A82310 2.8 12.8 14.7 18.4 . 17 5&., 60.0 0.0 7.2 17€.. 0 Ul. 0. 23Z. '." AU311 4.~ 1 t. 1 
"· 4 

31.6 . £1 :56.9 48.0 0.0 11 . 3 147. 0. 213 0. 317. 20. '~ 
Al2312 4.9 :5.2 13., 31 . 1 . 71 5&., 36.0 0.0 12.3 100. 0. 1 e 1 . 0. 302. 23." 
U2313 £.8 3.3 11. 4 42.4 t. 08 56.9 24.0 0.0 16.4 "· 143. 148. 191. 380. 35.:5S 
A82314 8.2 3.0 10., 4~'- 8 1. 31 ~'·' 12.0 0.0 1'L:S 52. 1 21 . 142. 1%. ~8 ~. 42. 81 
U231~ 7.5 4.0 10.5 41.0 1. 07 :56. 9 0.0 0.0 17.9 ez. 118. 137. 16 2. 37£. 35.46 
182306 .2 0.0 46.3 0.0 . 04 56., 84.0 0.0 . 6 Ct. 0 . 602. 0. 0. 1 . 42 
812309 2. 1 12.2 12.9 19.0 . 14 5&. 9 72.0 0.0 5.5 164. 0. u.s. 0. 17 3. 4.80 
812310 3.6 8.0 14.6 22.5 .43 56.' 60.0 0.0 9.1 114. 0. 190. 0. 2H. 14.57 
182311 ~.3 6.2 10.9 22.8 . 58 56.9 48.0 0.0 13.0 90. 0. 142. 0. 284. 1'. 20 
882312 6.1 5.7 10.5 26. (> . 67 56.9 36.0 0.0 14.8 83. 0. 136 . 0. 302. 22. 3& 
882313 S.2 4.3 9.8 38.6 . 96 56.9 24.0 0.0 U.4 bl. 114 . 127. 163. 316. 31.33 
882314 7.4 4. 1 11.0 37.0 1.11 ~·-' 12.0 0.0 17.7 63. 127. 144. 164. 336. 3i. 73 
882315 6.6 3.8 13.0 37.2 1. 09 !S6.9 0.0 0.0 15.9 65. 159. 170. 173. 333. 36.43 

A83308 .2 o.c. 38.1 0.0 . C•2 91. z 84.0 c..o . 5 0. 0. 4'J5 . 0. c.. .55 
U3309 .1 0.0 49.9 O.Co . 01 91.2 72.0 0.0 . 4 0 . 0. 648. 0. 0. .41 

A83310 1. 4 2-4. 6 25.1 27.5 .07 'J1. 2 60.0 0.0 3.8 Co. 0. 327. 0. 0. 2.36 
U3311 1 . 9 13.9 20.3 33.4 .22 91. 2 48.0 0.0 5.1 263. 0. 2&4. 0. 265. 7." 
Al3312 2.5 13. 1 H.2 24. 'l' .2') ~Ill. 2 36.0 0.0 6.i 1 'l'7 . 0. 211. 0. 26 3. '. 8' 
A83313 3.3 10.8 15.6 30.5 .42 91.2 24.0 0.0 8.4 15 7. 0. 203. 0. 30'. 14 . 12 

Rl3314 3.5 e. 1 14.0 31.7 .56 91.2 12.0 0.0 8.9 115. 0. 183. 0. 36 5. a.H 
U3315 3.3 7.6 13.8 37.(1 .60 91.2 0.0 0.0 8.6 124. 0. 1 so. 0. 35 7. 20.60 

8833(.6 .3 0.0 59.5 0.0 .05 91. 2 84.0 0.0 . 8 0 . 0. 7 74. 0. 0. 1. 70 
113309 .r 0.0 28.0 0.0 .05 91.2 72.0 0.0 1. 9 0. 0. 364. 0. 0. 1. 87 

113310 1. 4 25.6 26.8 27.8 . 09 91. 2 60.0 0.0 3.6 0. 0. 348. 0. 0. 3. C)' ........ 
183311 2.3 13.6 15.0 27.4 . 23 91.2 48.0 0.0 5.9 1' 1. 0. 195. 0. 343. 7. 89 +:::-
183312 2.4 12.6 14.0 26.8 . 23 91. 2 36.0 0.0 6.2 175. 0. 183. 0. 253. 7. 94 \0 
883313 2.5 9.2 13.9 30.2 .4-4 91.2 24.0 0.0 8.9 16-4. 0. 180. 0. 322. 

14. '' 
813314 3.4 7.2 17.9 30.7 . 59 'Jl. 2 12.0 0.0 8.i' 122. 0. 233. 0. 326. zo. 07 

183315 3.6 5.7 12.0 30.2 .62 91.2 0.0 0.0 9. 1 105. 0. 157. 0. 310. 20. 91 

A8340f3 3.6 7.5 13.4 23.8 .44 '11.2 0.0 0.0 'J.O 138. 0. 174. 0. 2'Jl2. 14.86 

U3409 3.7 7.6 1-4.3 30.4 . 52 91.2 -12.0 0.0 9.3 15(1 . 0. 186. 0. 302. 17. u 
U3.10 2.6 e.o 16.8 31.7 .•H '1 . 2 -24.0 0.() 7.3 177. 0. 218. 0. 265. u. to 
111183411 2.8 s. 1 15.4 31.5 .44 91. 2 -36.0 0.0 7. 1 170. 0. 200. 0. 251. 1-4.94 

A83412 Z.C< 13.6 15.7 27.8 • 2-4 'Jl. 2 -48.0 0.0 5. 1 204. 0. 2C.4. 0. 209. 8. 34 
111183413 1. 9 14.4 20.3 27.0 .22 91. 2 -£0.0 0.0 5.1 1%. 0. 26-4. 0. 269. 7.:57 

A83414 2.0 15. 4 t5 e 21.6 . 20 91. 2 -72.0 0.0 5.2 205. 0. 2 05. c.. 25'. '." U3415 1. 6 16.2 17.4 19.2 .oa 91.2 -84.0 0.0 4.3 0. 0. 226. 0. 0. 2. 87 

113408 3.2 7.0 12.3 33.5 . 53 91.2 0.0 0.0 8.3 12 4. 0. lE-O. 0. 26'Jl. 17.92 

883409 3.8 b.b 12.8 32.8 .£5 91. 2 -12.0 0.0 '·' 122. 0. 1". 0. 30-4. 21.87 

113410 3.5 7.0 12., 28.4 . 58 91.2 -24.0 0.0 8.9 134. 0. H7. 0. 301. u. 58 

883-411 3 . 1 8.8 14. 1 25.8 .47 91. 2 -36.0 0.0 7.9 145. 0. 183. 0. 293. u. 11 

183412 2.6 10.4 14.7 25.3 .32 ,1.2 -48.0 0.0 6.8 1133. 0. 191. 0. 210. 10.88 

1834 t 3 2.8 10.2 14.3 29.2 . 34 91.2 -£0.0 0.0 7.2 178. 0. 18£. 0. 331. 11.£8 

883414 2.6 13.0 15.4 26.3 . 29 91.2 -72.0 0.0 6.6 187. 0. 2C>C•. 0. 332~ 10.05 
883415 "-·" 15.0 tb.b 25.7 . 14 91.2 -84.0 0.0 '·' 2H. 0. 216. 0. 220. 4. 91 

A83$0S 1 . t 22.5 22.5 22.5 .05 91.2 -84.0 0.0 2.8 0. 0. 2'2. 0. 0. t. 57 

A83509 .2 0.0 24.4 0.0 . 02 91.2 -%.0 0.0 . 6 0 . 0. 317. 0. 0. . 71 

A8 3510 . 1 0.0 74.9 0.0 .IH 91.2 -11)8. () 0.0 . 3 0. 0 . 973. 0. 0. .41 

A8 35 t 1 .2 0.0 33.9 0.0 .IH 91. 2 -120.0 0.0 . 4 0. 0. HO. 0. o. .H 



RUM NUftl£1 • 
·---------------ft00£L COHOITIOHS-----------·-· ---------------·---------PIOTOTYPl CONDITlOIS·-------·------------·---------

FILE PEAk U ARR. PEAK a £110 SUI'l POStTlOH PEAK 5~ ARR. 15~ ARR. PEAK 1St £110 5~ £110 SUII 
MAftE COHC. TII'IE THI£ Tift£ X y z CGHC. TIME TUE Tift£ fl"E liKE 

0:) <SEC) <S£C) <SEC> oc-s > (tl) <tO ( 1'1) (~) <SEC) <SEC) <SEC> <SEC> (SEC> < x-s > 

U3S12 .1 0,0 85.2 0.0 . 01 ".2 -132.0 0.0 .2 o. 0. 1107. 0. 0. . 20 
UJSU . 1 0.0 li.i 0.0 . ot 91.2 •H<f.O 0.0 . 2 0. o. 215 . 0. 0. . 24 
Atl514 .2 0.0 50.8 0.0 .02 91.2 -156 •. 0 0.0 .5 o. 0. 660. 0. 0. ·" UJSl$ . 1 0.0 7(1.7 0.0 .01 '1. 2 -u;e. o 0.0 .3 fl. o. 9U. 0. 0. . ,. 
113501 .3 0.0 58.6 0.0 • 03 91.2 -84.0 0.0 .7 0. 0. 7£2. 0 0 . . " 
ttnn . 1 o.o 12.0 0.0 . 02 ". z -96 .o o.o . 3 o. 0. 155 . 0. 0. .u 
1135\0 .o o.o . o 0.0 . ot 91.2 -108.0 0.0 . 1 o . 0. 1. 0 • 0. .39 
IIUU . 1 0.0 81.6 0.0 .01 91.2 •120 .o 0.0 . 3 0 . 0. 1061. 0. 0. . 31 
183SU . 1 o.o 76.8 0.0 .01 91.2 -132.0 o.o . 3 0 . 0. 998. 0. 0. .31 
1135U .0 0.0 .0 o.c- .02 91.2 -144.0 o.o . 1 o . 0. 1. o. 0. .74 
113514 .2 0.0 86.4 0.0 o.oo 91.2 -1!56.0 0.0 ·' o. 0. 1124' 0. 0. .u 
IIUU . t 1).0 er. t O.Cr Cr.OO 91.2 - U.8. 0 0.0 . 2 0. 0. 1133 . o. 0. . oe 
U4401 2.4 11.9 11.4 2:3.0 • Jt 139.9 0.0 0.0 6.3 184. 0. 227. o. 265. 10." 
U4409 2.3 8.0 19.1 26.1 .40 139.' -12 .o 0.0 5.9 uc.. o. 249. 0. 277. 13.77 
U4410 2.2 10.0 18.2 ~21. 3 . 37 139.9 -24.0 0.0 5.7 U7. 0 • 237. 0. 258. 12 . ., 
Al44lt 2.2 11.2 17.' 31.2 . 33 139.9 -Ji.O o.o '·' 202. 0. 233. 0. 262. 11.39 
At<l.fU 1.8 17.2 t8.3 21.2 .19 139.' -4f.O 0.0 <4.7 o. 0. 238. 0. 0. 6.n 
f\14413 1.!5 21.1 21.9 32.9 .n 139.' _,0.0 0.0 4.1 o. 0. 284. o. 0. 6.50 
UHH 1.3 S.!lo 8.0 29.9 . 10 139.9 -72.0 0.0 3.4 o. 0. 103 . 0. 0. 3.31 
AI44U . 1 0.0 71.2 o.o . 01 139.9 -84.0 0.0 . 3 o . 0. 926. 0. 0. .3t 
18•4408 z.o 11.7 19.0 30.£ .31 139.' 0.0 0.0 5.3 248. 0. 248. o. 270. 12.12 
11440, 2.2 1<1. 6 IlL 7 30.1 .4() 139.9 -12 .o 0.0 5.6 160. 0. 204. 0. 244. U.ll 
114410 1.9 10.4 t:S. 0 29.2 .n 139.' -24.0 0.0 5.1 "'· 0. "'· 0. 232. 12.43 
114411 1.9 11.6 15.5 JO.i .Ji 13'.' -3i .0 0.0 ~.t 201. 0. 201. 0. 207. 12.26 ,...a 
114412 1.3 14.' U.t 28.0 .u 139.9 -48.0 o.o 3.5 o. 0. 20 1L 0. 0. •. 0' 
184413 1. 3 17.0 18.0 28.9 .11 139.9 -60.0 o.o 3.5 0'. 0. 234. 0. o. '." U'1 

114414 .3 o.o i.2 0.0 .04 139.' -72 .o 0.0 . 9 o. 0 . 81. 0. 0. 1.33 0 

81441$ . 1 o.o "·' 0.0 02 13,.' -84.0 0.0 . 3 o. o. 738 . 0. 0. .71 
U4309 .2 o.o 2. 1 0.0 .02 139.9 84.0 o.o . 4 o. 0. 27 • o. 0. .'78 
U4309 .7 0.0 23.7 0.0 .04 139.' 72.0 0.0 1. 8 o. 0. Joe. o. 0. 1. 31 
UUto 1 .2 22. 1 23.9 25.4 .11 139. 9 u.o (1,0 3.0 (1. 0. 310. 0. 0. J. 75 
AI.W11 1.7 19.4 H.i 30.0 .22 139.9 48.0 0.0 4.5 Ct. 0. 320. o. Q. 7. so 
U4JU t. 5 H.l 19.3 24.4 .19 139.9 36.0 o.o 4.1 0. o. 2:11. 0. 0. '. 47 
U43U 2.i 12.8 17.8 28.' . 30 139.' 24.0 0.0 6.6 178. 0. 231. 0. 264. 10 .... 
U4314 2.1 12.1 16.2 27.& .36 139.' 12.0 o.o 1.0 183. 0 . 211. 0. 269. 12.34 
At43t.5 2.2 11.' 16.8 24.0 . 29 139.' o.o 0.0 5.8 186. 0. 219. 0. 253. 10.08 .. .,., .9 0.0 22.3 0.0 . 05 139.9 84.0 o.o 2.3 o. 0. 290. 0. 0. 

t. '' 184309 1.3 20.3 21.2 24., .09 139.9 72.0 0.0 3.6 ~. 0. 276. 0. ~. 3.14 
114310 2.0 H.S 16.3 2!5.5 . t9 139.9 60.0 0.0 5.2 212. 0 . 212. 0. 222. 6. S7 
nun 2.2 u. 3 18.9 26.4 . u t:n.9 49.0 0.0 s.e 1U. o. 24!5. 0. 2!54. . . "' 
114312 2.0 12., u.s 22.1 .22 139.9 36.0 0.0 5.2 245. 0. 24$. 0. 250. 1. 41 
114313 2.3 t 1. t 16.2 22~9 .31 139.9 24.0 0.0 6.0 173. 0 . 211. 0. 264. tt.U 
114314 2.4 10.4 u. 8 28.8 . 39 139.' 12.0 0.0 '.1 15&. 0. 257. 0. 274. 13.23 
114315 1.8 10.0 12.8 27.8 .29 139.9 o.o o.o 4.8 0. 0. 1". 0. 0 . '. 93 
At5308 ·' 0.0 23.2 0.0 . 09 242.4 84.0 o.o 1.' o. 0. 302. 0. o. l. 09 
U5309 .9 0.0 2(1. 1 0.0 .10 242.4 72.0 0.0 2.3 0. 0. 262. 0. o. 3.45 
U5310 ·' o.o 19.4 0.0 .07 242.4 60.0 0.0 t.5 1). 0. 239. o. 0. 2. 41 
A8531l ·' 0.0 18.5 0.0 .07 242.4 48.0 0.0 1.4 o. 0. 241. 0. 0 . 2.37 
U5l12 .4 0.0 2!5.4 0.0 . 07 242.4 36.0 o.o 1.2 o. 0. 330. 0. 0. 2. 29 
U5313 .5 0.0 27.8 0.0 .oe 242 .... 24 ,'1) o.o 1. ... Ct. 0. 362. 0. 0. 2.64 



RUN HU"BEI 8 

----------------I'IODEt COHDITIOHS-------------- -------------------------PROTOTYPE COHOITIOHS-------------------------------
FILE f'EPK U ARR. PEAK U EHO SUit POSITIOH PEAK 5~ ARR. 15~ ARR. PEAK 15~ ENO 5~ EHO SUft 

HA!1E couc. TIKE TI11E TI!1E X y z CONC. TUIE TII'IE TIME T I I'IE TIKE 

en <SEC i <SEC) <SEC i < x-s > (1'1) (") (pi) ( =<) (SEC> <SEC) <SEC> (SEC;. (SEC) < x-s > 

""314 .1 0.0 25.7 0.0 . 10 242.4 12.0 0.0 1 . 8 0. 0. 334. Q. 0. 3. 36 

U:S31S .~ 0.0 24.0 0.0 .15 242.4 0.0 0.0 2.3 0. 0. 311. 0. 0. 5.32 

185'308 .4 0.0 22.6 0.0 .Q2 242.4 84.0 0.0 1 . () 0. 0. 2,3. 0. 0. .u 
88:S30~ 1 . 0 21.£ 21.f. 22.5 . 14 242.4 72.0 0.0 2.7 0 . 0. 281. 0. 0. 4.n 

885310 ·' 0.0 2Q.4 0.0 . 14 242.4 E.O.O 0.0 2.5 0. 0. 2(,5. 0. 0. 4." 
8 8 5311 1 . 1 21.2 21.2 21.4 . 13 242.4 48.0 0.0 2., 0. 0. 275. 0. 0. 4.50 

185312 .7 0.0 18.2 0.0 . 10 242.4 36.0 0.0 1 . s 0. 0 . 236. 0. 0. 
3. '' 

885313 1 . 2 17.9 19.5 23.7 . t 7 242.4 24.0 0.0 3.1 0. 0. 240 . 0. 0. 5. 78 

88!S314 1 • C• 20. s 24.0 24.3 .1& 242.4 12.0 0.0 2.7 0. 0. 311. 0. 0. '. 23 
885315 . 7 0.0 21.5 0.0 . 13 242.4 0.0 0.0 1 . 9 0. 0. 280 . 0. 0. 4.49 

A85408 .s 0.0 28.7 0.0 . 14 242.4 0.0 0.0 2.2 0. 0. 373. 0. 0. 4. 76 

A85409 1 . 1 26.2 2£.2 26.5 . 1 s 242.4 -12.0 0.0 2.8 0. 0. 341. 0. 0. '. 15 
A8:5410 ·' 0.0 25.7 0.0 .16 242.4 -24.0 0.0 2.3 I). 0. 334. 0. 0. 5.41 

A8:5411 1.2 2-f.S 27.3 27.9 . 1' 242.4 -36.0 0.0 3.0 0 . 0. 3!55. 0. 0. '. 71 
A8!5412 .8 0.0 28.2 0.0 .14 242.4 -48.0 0.0 2.0 0. 0. 367. 0. 0. 4.8' 
A8:5413 .s Cr.O 2C>.'J 0.0 . 10 242.4 -f.O.O C>.O 2.2 C>. 0. 271. 0. 0 . 3. 43 

A85414 1.1 21.6 21.6 21.7 . Oi 242.4 -72.0 0.0 2.8 0. 0 . 281. 0. 0. 2. OS 

A8!5415 . 7 0.0 18.4 0.0 .02 242.4 -84.0 0.0 1.' (l, 0. 239. 0. 0. ·" 88S408 1. 0 0.0 2'J . ., 0.0 .14 242.4 0.¢ 0.0 2.5 0. 0. 388. 0. 0. 4. 88 

885409 1 . 1 20.5 29.1 29.9 .u 242.4 -12.0 0.0 3.0 0. 0. 37,, 0. Cr. '·'' 885410 1. 2 17.' 28. 1 30.7 . 22 242.4 -24.0 0.0 3.2 Ct. 0. 366 . 0. 0. 7. 56 

88:S<tt 1 1 . 2 16.8 30. 1 33.2 ~22 242.4 -3£.0 0.0 3.2 0. 0. 391. 0. 0. 7." 
88!5412 ·' 0.0 19.6 0.0 .17 242.4 -48.0 0.0 2.3 0. 0. 255. 0. 0. '." 
885413 1 . 0 0.0 23.8 0,(1 . 10 242.4 -£.0.0 0.0 2.6 0. 0 . 310. 0. 0. 3. 47 ...... 
88!5414 1 . (• 24.0 24.0 2!5.3 .OS 242.4 -72.0 0.0 2.7 0. 0. 311 . 0. 0. 2." 
88!5415 . 2. 0.0 2£.!5 0.0 .02 242.4 -84.0 0.0 .6 0. 0. 345 . 0. 0. ·" U'1 ...... 



lUI MURIEl ' ---------------·KOOEL COHOITIOMS-------------- -------------------------PROTOTYPE COHOlTtOHS-------------------------------
FILE PEAK U ARR. PEAK U EHO SUfi POSITION PEAK $::¢ ARR. 15::¢ ARR. PEAK 15% EHO 5% EHO SUft 
HAKE COHC. Tilt£ TUE Tit!£ X y z COHC. TlftE TIHE Tit!£ TlftE TIHE 

no <SEC) <SEC> <SEC) <X-S) (fl) (ft) (ft) ( :1() (SEC) <SEC> <SEC> <SEC) (SEC> < x-s > 

"'1408 14.7 1.6 6.7 21.6 1. 44 36.5 0.0 0.0 31.8 25. n. 87. 165. 309. 44.70 
U1409 1<4.3 2.3 7.2 21.4 . 90 36.5 -12.0 0.0 31. 1 31. 49. 93 . tU. lU. 28.15 

"'1410 9.1 3.0 '·' 8.9 . 20 36.5 -24.0 0.0 21.3 39. 64 . 76. ". 101. i.$1 
U1411 ·' 0.0 :1.0 0.0 .01 36., -36.0 0.0 . 5 (1. 0. 65 . o. 0. .31 
U1412 . 1 0.0 27. 1 0.0 . ot 36.5 -48.0 0.0 . 3 0. 0. 352 . 0. 0. .n 
U1413 . 1 0.0 20.0 0.0 . 01 36.!'5 -60.0 0.0 .3 0. 0. 261. 0 • 0. . 31 
U1414 .3 0.0 27.8 0.0 .03 

36 ·' 
-72.0 0.0 .7 0. 0. Ul. 0. 0. .tl 

A914U . 1 o.o 26.7 0.0 . 02 36.!'5 -84.0 0.0 .4 0 . 0. 3H. 0. 0. .it 
U1401J U.5 1.4 '·' 24.2 I. 40 36.5 0.0 0.0 34.8 H. 41 . 89. 141. 274. 42.11 
191409 12.9 .7 :1.6 21.2 .u 36.!'5 -12.0 0.0 28.6 H. !'59. 73. 105. 220. 21.14 
.,1410 4.4 5.8 f..4 6.8 . 03 36.!!1 -.24.0 0.0 11 . 1 H. 0. 83. 0. 88. 1.15 
191411 .4 0.0 '. 1 0.0 . Ot 36 .:s -36.0 0.0 t. 0 0. 0. so. o. 0. .20 
191412 . 1 0.0 46.1 0.0 . 01 36.~ -48.0 0.0 .2 0. 0. ~"- 0. 0. .z.t 
tt1413 . 1 0.0 47.2 0.0 • Ot 36.:1 -£0.0 0.0 . 3 o. 0. 613 . 0. 0 . .lt 
U1414 .3 0.0 37.7 0.0 .03 36.~ -72.0 0.0 . 8 0. 0. 491'>. 0. 0. 1. zz 
19141~ .2 0.0 9.2 0.0 .03 36.' -84.0 0.0 • 4 0 . 0. uo. 0. 0. 1. 01 

"'1308 . 1 0.0 32.2 0.0 0.0(1 36.5 84.0 0.0 . 3 0. 0. 418 . 0. 0. .n 
At1309 . 1 0.0 25.4 0.0 .<'1 36.5 72.0 0.0 . 4 (>. o . 331. 0. 0 . .27 

"'1310 . 1 0.0 19.5 0.0 . 01 36.:!1 60.0 0.0 . 3 0. 0. 254. 0. 0. .28 
U1311 .2 0.0 3£.9 0.0 .02 36.5 48.0 0.0 . 4 0 . 0. 480. o. 0. ·" U1312 .1 0.0 20.3 0.0 . 01 36.5 36.0 0.0 . 4 0 . 0 . 264. 0. 0. .44 
At131l 14.7 3.2 £.3 9.!'5 .36 36.!5 24.0 0.0 31.7 47. 68. 82. 10 7. 122. 11 .lO ..... 
U1314 u .e 1.2 7.5 27.4 1. 18 36.:1 12.0 0.0 38.5 28. 37. 97. 137. zo 1. 3$.21 
U1315 18.0 .9 7. 1 27.8 1. 52 36.5 0.0 0.0 37.3 17. 37. 92. 153. 268. 46.U U"' 

lt1308 .2 0.0 6.3 0.0 .03 36.5 84.0 0.0 . 6 0. 0. 82 . 0. 0. . " N 

191309 . 1 0.0 41.3 0.0 . 01 36.' 72.0 0.0 .4 0. 0. 537. 0. 0 . . 20 
U1310 .0 0.0 .0 0.(1 . 01 36.' 60.0 0.0 . 1 0 . 0. 1 . 0. 0 . . 21 
U1311 .1 0.0 . 1 0.0 • Cot 36.5 48.0 0.0 . 4 0 . 0. 2. 0. 0 . . 28 
191312 3.6 7.4 10.8 11.5 .OS 36.5 36.0 0.0 9.2 101. 0. 141. 0. 144. 1. 79 
U1313 1(<. 8 3.2 7.3 12.3 . 53 36.5 24.0 0.0 24.6 42. 48. ''· 138. 158. 16.94 
.,1314 u. .6 1. 4 7.3 30.4 1.•" 36., 12.0 0.0 35.0 23. 35. ". 138. 303. 44 .5t 
lt131~ 16.3 . 7 £.9 27.9 1. 50 36.5 0.0 0.0 34.4 18. 42. 89. 148. 300. 45. tl 
U2308 . 1 0.0 46.6 0.0 0.00 56.' 84.0 0.0 . 4 0. 0. 605 . 0. 0. .14 
U,23<19 . t 0.0 2.9 0.(1 (1.00 :S£.9 72.0 0.0 . 4 0 . 0. 37. 0. 0 . . 10 
At2310 . 1 0.0 42.7 0.0 0.00 ".' 60.0 0.0 . 2 o . 0. ''' . 0. 0. .n 
At2311 . 1 0.0 10.8 0.0 0.00 ''·' 48.0 0.0 .3 0. 0. 141. 0. 0. .11 
U2312 1 0.0 8.0 0.0 0.00 56.9 36.0 0.0 . 2 0. 0 . 103. 0. 0. ••• 
U2313 3.0 7.9 8.0 8.3 .03 56.9 24.0 0.0 7.8 103. 0. 1U. 0. 10.,. t. tl 
At2314 12.2 2.5 7.3 12.9 . 54 56.9 12.0 0.0 27.3 46. 73. 95. 121. lU. 17 .• , 

At2315 10.9 2.0 ,,8 21.7 .78 5'. 9 0.0 0.0 24.8 33. 55. 88. 139. 170. 25 .• , 

192308 .2 0.0 27.4 0.0 . C•l 59.9 84.0 0.0 . 5 0. 0 . 356. 0. 0. . 42 

·~2309 . 1 0.0 40.7 0.0 • Ot ". 9 72.0 0.0 . 3 0 . 0. 529. 0. 0 . .lO 
,,2310 . 1 0.0 27.6 0.(1 0.00 56.9 f.O.O 0.0 . 2 0. 0 . 359. 0. 0. .n 
192311 . t 0.0 39.0 0.0 0.00 56.9 48.0 0.0 . 3 o. 0 . 508. 0. 0 . .u 
192312 . t 0.0 34.3 0. <• 0.00 56.9 36.0 0.0 . 2 0. o: 446 . 0. 0. ••• 
192313 4.9 5.9 7.0 12. 1 • 14 56.' 24.0 0.0 12.2 77. 0. !H. 0 . 118. 4." 
lt2314 10.8 4.0 '·' n.o .u ". 9 12.0 0.0 24.6 67. 72. 90. 146. 241. 21. 75 
192315 9.8 1.7 8.6 2J., . 95 5,,, 0.0 0.0 22.7 34. 62. 111. 142. 210. 30.16 

At2408 10.3 2.4 9. l 21.4 . 72 56.9 0.0 0.0 23.7 36. 60. 105. 126. 182. 23.49 
At240t ,,0 3. 1 5.9 U.6 . 35 56.9 -12.0 0.0 14.8 4:S. 0. 17. 0. 157. 11. 71 



RUM MU .. IER ' ----------------MODEl COHOITIONS-------------- -------------------------PROTOTYPE COMOITIOHS------------------·------------
F'ILE PEI1r. u u~. PEAte U EHO SUM POSITION PEAK :1~ ARR. t:U. AU. PEAIC 1H £HI) S~ ENI> SUM 
HUE COHC. TIME TIME TIME X y z COHC. TIME Tl KE Tift£ T IKE TIME 

( ~; ) C SEC) <SEC) C SEC) c x-s > <H> (") (H) on C SEC> <SEC> <SEC> C SEC> C SEC) c x-s > 

U24t0 5.2 2.8 6.0 12.3 . 17 56.9 -24.0 0.0 12.8 51. 0. 77. 0. 10f.. '. t2 
U241t 1.2 4.6 4.7 8. 7 .OS 56.9 -36.0 0.0 3.2 0. 0. f,t, 0. o. l.U 
U2412 .1 0.0 23.4 0.0 . 01 !56.9 -48.0 0.0 . 3 0 . 0. 304. 0. 0. . 3:1 

AU413 .2 0.0 24 2 0.0 .02 !56.9 -60.0 0.0 . 5 0. 0 . 315. 0. 0. . " 
U2414 .3 0.0 18.' 0.0 • C>3 56.' -72.0 0.0 . 9 0 . 0. 241. 0. 0. 1. 06 
U2415 . 1 0.0 f..Z 0.0 0.00 56.9 -84.0 0.0 .2 0. 0. 81. "· 0. . I 5 

192..08 9.5 2. 1 7.6 21.' . 82 56.9 0.0 0.0 22.2 34. 50. 99. 119. 245. 26.43 

lt2409 8.0 2.2 8. 1 25.2 .57 56.' -12.0 0.0 19.0 36. f,8. lOlL 121. 212. l8 .10 

lt2410 4.4 l. 1 6.4 14.2 • 23 56.9 -24.0 0.0 11 . 1 54. 0. 84. 0. 127. 7.72 

U2411 2.1 5.6 6.6 7.3 . 06 56.9 -36.0 0.0 5.4 84. 0. 85. 0. 87. 2.24 
892412 .2 CI.O 6.8 0.0 . (12 ''.' -48.0 0.0 ·' 0. 0. 88. 0. 0. 

. '' 
U2413 .2 0.0 22.7 0.0 . 03 56.9 -60.0 0.0 .:I 0. 0. 295. 0. 0. . " 
192414 .3 0.0 u. 7 0.0 . 04 ''·' -72.0 0.0 .9 C> . 0. 243. 0. 0. 1. ,, 

IU4t' . 1 0.0 16.7 0.0 . 01 56.' -84.0 0.0 . 4 0 . 0. 217. 0. 0. . 36 
Ul4C18 '.1 3.6 8.2 19.2 .42 91.2 0.0 0.0 14.' ''. 0. 106. 0. 1%. 13. t4 
AU409 5.5 5.3 11.0 14.7 . 36 91.2 -12.0 0.0 

13 ·' 
7f,. 0. 143. 0. 167. 12.0i 

U3410 4.7 6.3 s.s 11 . 5 . 17 91.2 -24.0 0.0 1t. 8 85. 0. 115. 0 . 138. 5.72 
U3411 2.2 6.8 9.0 9.8 . 07 91. 2 -36.0 0.0 5.7 113. 0. 117 . 0. 12 4. 2. 39 
Ul412 .1 (',(' JC>.9 O.C> . 01 91. 2 -48.0 0.0 . 3 0. 0 . 402. 0. 0. .37 

U3413 .1 0.0 44.7 0.0 . 01 91. 2 -60.0 0.0 . 3 0 . 0. 5tH . 0. 0. . 28 
Ul414 . 1 0.0 41.1 0. (• . ('1 91. 2 -72.0 0.0 . 2 0 . 0 . 535. C>. (t, .H 

U3415 . 1 0.0 46.7 0.0 0.00 91.2 -84.0 0.0 .2 0. 0. b(t7. 0. 0. .07 
1934¢8 4.4 3.9 '· 8· 15.4 . 35 91.2 0.0 0.0 11.0 67. 0. ss. 0. 139. 11 . 70 

193409 3.9 4.5 6.9 11. f, .20 91.2 -12.0 0.0 10.0 62. 0. 8'L 0. 135. ,_,o 
193410 3.7 5.5 7. 1 9.8 . 10 91.2 -24.0 0.0 9.4 75. 0. 92. 0. 110. 3.41 ........ 
193411 1.' '·' 6.8 7. 1 • (14 91.2 -36.0 0.0 4.9 0 . 0. ee. 0. 0. 1. 27 (J"I 

193412 . 1 0.(' 7.7 O.C> 0.00 91.2 -48.0 0.0 -~ 0. 0. 100. 0. 0. .03 w 
193413 . 1 0.0 4.8 0.0 0.0¢ 91.2 -f.Q .0 0.0 . 2 0. 0. f,J. 0 . 0. .11 
193414 ·' 0.0 6.0 0.0 . 01 91.2 -72.0 0.0 1.5 0. 0. n. 0. 0. .42 

193415 . 1 0.0 11.0 0.0 .01 91.2 -84.0 0.0 . 3 0. 0. 142. 0 . 0. .24 
Ul308 .2 0.0 11.0 0. (• .03 91.2 84.0 0.0 .5 0. 0. 142. 0. 0. . " 
U3309 . 1 0.0 . 1 0.0 . 02 91.2 72.0 c..o . 3 0. 0. 2 . 0. 0. .u 
Atl310 .0 0.0 39.6 0.0 . 01 91.2 60.0 0.0 . t 0. 0. :115. 0. 0. .34 

U3311 .2 0.0 18.7 0.0 . 02 91.2 48.0 0.0 . 4 0 . 0. 243. 0. 0. . 58 
A93l12 . 1 0.0 13. 1 0. (• .01 91.2 36.0 0.0 . 3 0. 0 . 170. C>. 0. . 34 

AU313 4.2 6.5 8. t 9.2 . OS ". 2 24.0 0.0 10.5 98. 0. 105. 0. 112. 2.80 

1193314 4.5 ... .. 8.4 15. 9 . 21 91.2 12.0 0.0 11.3 18. 0. 110. 0. 13&. '. 99 
"· t At3315 5.4 2.6 8.3 17.2 . 38 91.2 0.0 0.0 13.3 58. 0. 1Ct8. 0. 203. 12. 72 

893308 .2 0.0 49.4 O.C> . ot 4H .2 84.0 0.0 . 4 0 . 0. 642. o. 0. . 2' 
8U30' .2 0.0 4:5.0 0.0 0.00 '1. 2 72.0 0.0 .4 0. 0. 585. 0. 0. . 08 

893310 .1 0,0 ... 0.0 0.00 91.2 iO.O 0.0 .3 0 . 0. .. 0 . 0. .11 
·" "· 

U331l .2 Ct.O f,,f, 0.0 . C•t ,1.2 48.0 0.0 .4 "· 0. 86. 0. 0. . 31 

UlJ12 . 1 0.0 24.4 0.0 . 01 91.2 36.0 0.0 . 3 0 . 0 . 318. C>. 0. . 32 

U3313 3.2 7.3 e.i 10. 2 .07 91.2 24.0 0.0 8.3 I 00. 0. 112. 0. 11 !5. 2.36 

893314 4.0 4.4 s. 1 11 . 2 . 21 9t. 2 12.0 0.0 10·. 1 92. 0. 1 (•5. 0. 14C>. 7.02 

U331S 5.1 3.8 f,,IJ 18.2 .34 91.2 0.0 0.0 12 .i 58. 0. 88. 0. lH. 11." 
U·4308 .2 C>.O 29.8 O.C> . 02 139., 84.0 0.0 . 6 0 . 0 . 387. 0. 0. .67 

A9430' .2 0.0 2,,2 0.0 . 01 13,.' 72.0 0.0 . 4 0 . 0. Jn. 0. 0. . 3:1 

A94310 .1 0.0 39.2 O.Ct 0. (•0 13<J.9 £0.0 0.0 .3 0. 0. HO. 0. 0. . 03 

A94311 .t 0.0 35.2 0.0 O.OQ 13,. 9 413.0 Q.O . 4 0 . 0. 4513. 0. 0. .01 



RUH HUHIEI 9 

----------------HODEL COHOJTIOHS-------------- -------------------------PROTOTYPE COHDITlOMS-------------------------------
nu: PEAK U ARR. PEAK U END su" POSITION PEAtt: 5~ ARR. n~ AltR. PEAK 1':< Et!O !J~ ENf> $Uft 

"""' CtHIC TUE TIME TII'IE X y z COHC. TIME TUtE TI"£ T li'IE THtE 
n:;. <SEC> (SEC> <SEC> < x-s > (10 (") (") co <SEC> CSEC> <SEC ;o <SEC;. (SEC) < x-s > 

U4312 . 1 0.0 :n.4 0.¢ . 01 13,.' 36.0 0.0 . 3 0. 0 . 512. 0. 0. . Z' 
At4313 .4 0.0 8.3 0.0 . 01 139.9 24.0 0.0 1.2 0. 0. 1 OS. 0. 0. . ., 
AH314 2., 6.8 11.4 14.3 .16 139.' 12.0 0.0 7.6 107. 0. 148. 0. 1,8. '. 44 
U43" 4.0 4.9 10.3 17.8 .32 139,, 0.0 0.0 10. 1 '0. 0. 134. 0. 173. tO. 72 

U4313 .7 0.0 8.8 0.¢ . (•2 139.' 24.0 0.0 1".' 0. 0. 114. 0. 0. .n 
894314 3.1 7.4 10.2 12., .14 139.' 12.0 0.0 7.9 110. C). 133. C). 155. 4." 
894315 4.1 5.9 9.6 13.8 . 23 139.9 0.0 0.0 10.3 94. 0. 125. 0. 137. 7. 88 

U440S 4.4 !LO 9.8 15.7 . 36 139.' 0.0 0.0 11.1 77. C). 128. 0. 178. 12.23 __,,...., 2.6 5.2 10.0 14.5 .20 139.' -12.0 0.0 6.7 101. 0. 129. C). 144. '. 80 
1\94410 2. 1 ,,2 8.7 11.3 .14 139.9 -24.0 o.o '·' 111. 0. 113. 0. 121. 4. 77 

1\94411 1 . 4 ').5 '·' 12.0 . 08 13').' -36.0 0.0 3.6 0. 0. 125. 0. 0. 2. 77 

1194412 .t 0.0 10.2 0.0 . OS 139.9 -48.0 0.0 1 . 9 0. 0 . 133. 0. 0. t . 81 

AH413 .2 0.0 2tL 2 0.0 . 02 139.9 -60.0 0.0 . 4 0 . 0. 367. 0. 1>. .n 
U44H . .c. 0.0 43.2 0.0 . 02 139.' -72.0 0.0 .s 0. 0. 562. 0. 0 . .n 
119441S . 1 0.0 .7 0.0 0.00 139.9 -84.0 0.0 .3 0. 0. '· 0. 0. .. , 
194408 4. 1 6:6 10.0 1:5.7 .24 139.' 0.0 0.0 10.3 ')O. 0. 129. 0. 147. 8. 2' 
194409 4.2 4.7 9.5 19.7 . 33 139. 9 -12.0 0.0 10.5 83. 0. 123. 0. H7. 11.28 
1944 to 3.8 5.0 7.4 18.' . 29 139.' -24.0 o.o 9.5 74. 0. ". 0. 15-4. '. 74 
894411 2.3 5.9 9.2 13.¢ . 18 13').' -36.0 0.0 5.9 93. 0. 119 . 0. 138. '. 30 
194412 1 . 1 8. 1 8.9 10.4 . 04 139. 9 -48.0 0.0 3 0 0. 0. 115. 0. 0. 1.H 

194413 .4 0.0 8.2 0.0 . 03 13').' -&0.0 0.0 1 . 1 0. 0. 1 Co7 • 0. 0. .89 
194414 .3 0.0 7.9 0.0 .01 139. 9 -72.0 0.0 ... 0 . 0. 103. 0. 0. . :10 • t 

194415 . 1 0.0 43.8 0.0 0.00 13,.' -84.0 0.0 .2 0. 0. 569. 0. Ct. . 04 

1195406 . 1 0.0 9.8 0.0 .OS 242. 4 0.0 o.o 1.8 0. 0. 128 . 0. 0. 1. 71 1-' 

ACJ540') 1.3 9.8 10.4 14.8 . 12 242.4 -12.0 0.0 3.6 0 . 0. 136. 0. 0. 4. 30 (J'1 

U5410 1. 6 8.3 12.8 16.1 . 14 242.4 -24.0 o.o 4.3 0. 0. 1£6 . 0. 0. 4. 90 .J::a 
1\,5411 1 . ' 13.1 11.8 16.2 . 1~ 242.4 -36.0 0.0 4.9 0. 0. 153. 0. 0. 5 .a 
1195412 .... 10. 1 12.0 13.2 • (16 242.4 -48.0 0.0 4.1 0. 0. 155. 0. 0. 2.09 ..... 
U5413 1. e 10.4 11.7 12. 8 . H 242.4 -&0.0 0.0 4.7 0. 0. 152. Q. 0 . 1. 93 

US414 .8 0.0 12.0 0. (• . (t4 242.4 -72.0 0.0 2.2 (t, 0. 157. 0. 0. 1. 30 

U5415 .2 0.0 15.0 0.0 .02 242.4 -84.0 0.0 . 4 0. 0. 1" . 0. 0. . 81 

195408 1.2 8.9 12.7 13.2 . 07 242.4 0.0 0.0 3.2 0. 0. 105. 0. 0. 2.52 

19!1409 1.7 13.8 12.0 14. 7 .12 242.4 -12.0 0.0 4.6 0. 0. 155. 0. 0. 4.20 

195410 1.' 8.9 11.4 15. 1 .a 242.4 -24.0 0.0 4.i) 0. 0. 148. o. 0. 5." 
19541 t 2.0 8.8 11.7 18.2 .u 242.4 -36.0 0.0 5.3 152. 0. 152. 0. 1!17. '. 4i 
19.54 t2 1. 5 10.9 11.6 12.9 . 08 242.4 -48.0 0.0 3.9 0 . 0. 1 !51 . 0. 0. 2. 71 

19:541J 1.0 0.0 12.0 0.0 . 05 242.4 -60.0 0.0 2.6 0. 0. 157. 0. Q. t.:n 
8t.54H .6 0.0 t 2. 1 0.0 . 04 242.4 -72. () 0.0 1 . 6 0. 0. 158. C). 0 . 1.23 

19!141!1 . 1 0.0 16.0 0.0 • C•1 242.4 -84.0 o.o . 3 0 . 0 . 207. 0. Q. .29 
U!5308 ·"' 0.0 35.!5 0.0 . 02 242.4 84.0 0.0 ·' 0 . 0. 462. 0. 0. . 70 

1\95309 .2 0.0 25.0 0.0 . 03 242.4 72.0 0.0 . !I 0 . 0. 324 . 0. Q. 1.12 

U:Slto . 2 0.0 27.!5 0.0 . 04 242.4 60.0 0.0 ·' 0. 0. 358. 0 . 0. 1.:53 ,.,,31 1 . 3 0.0 19.2 0.0 .06 242.4 48.0 0.0 .9 0 . 0. 249. 0. 0. 2.10 

1195312 .2 C>.O 11.2 0.0 . 02 242.4 36.0 0.0 ,4 0. 0. 146. 0. 0. .u 
U5313 . 6 0.0 10.8 0.0 . 04 242.4 24.0 0.0 1.6 o . 0. 140. 0 • Cr. 1. Zi 

1\9!5314 t.S 10. 4 12.2 12.8 . 07 242.4 12.0 o.o 4.6 0. 0. 1 !58. 0. 0. 2.40 

"''315 1.6 9.6 11.5 14.2 • 08 242.4 0.0 0.0 4.2 0. 0. U50. 0. 0. 2. 81 

C9!530S .1 0.0 20.2 0.0 .Ot 242.4 84.0 0.0 . 3 0. 0 . 262. 0. 0. . 2' 

C'5309 .2 0.0 2.4 0.0 . Q1 242.4 72.0 0.0 . 4 0. 0 • 32. 0. 0. .3, 
C9!5310 . t (1,1,'1 44.9 0. (• . (t1 242.4 60.0 0.0 .2 0. 0. 583. 0 . 0. . 32 



IUM NU"IEI ' ----------------"ODEt CONDITIONS-------------- -------------------------PROTOTYPE CONDITIONS-------------------------------
FILE PEAK U ARR. PEAK U ENO SUN POSITION PEAK ~~ ARR. 1:5:( ARR. PEAK 1~~ EHO '~ END SUN 
MAllE CO tiC. TINE TINE TI"E X y z COHC. TIKE TINE TINE TINE TIME 

OD <SEC) <SEC> <SEC> < x-s > (N) <H> (") (~) <SEC) <SEC> <SEC;. <SEC> <SEC) < x-s > 
c'~ut . 1 0.0 £.2 0.0 . 01 242.4 48.0 0.0 . 4 0. 0. 80 . 0. 0. . zz 
Ct5312 . 1 0.0 11.2 0.0 0.00 242.4 36.0 0.0 .2 0. 0. 146. 0. 0. . 10 
c '5313 . 1 0.0 9.4 0.0 Co.OO 242.4 24.0 0.0 .2 Co. 0. 122. 0. 0. .07 
Ct53H .2 0.0 7.4 0.0 . 01 242.4 12.0 0.0 ·' 0 . 0. ''. 0. 0. . 34 
C"U' 1 . 1 9.3 9.3 9.£ .03 242.4 0.0 0.0 2.9 0. 0. 121 . 0. 0. 1. 01 
AtU09 . 1 0.0 48. 1 0.0 . 01 399.8 .84 .0 0.0 .4 0. 0. 626 . 0. 0. 0. 00 
AtU09 . 1 0.0 47.1 0.0 . 01 399. f) 72.0 0.0 . 4 0. 0. 612 . 0. 0. 0.00 
AtU10 . 1 0.0 36.8 0.0 0.00 399.8 60.0 0.0 .3 0. 0. 478. 0. 0. 0. 00 
AtUll .2 0.0 27.5 0.0 .02 399.8 48.0 0.0 -~ 0. 0. 3,7. 0. 0. 0.00 
UU12 "' .L 0.0 5. 1 0.0 . 01 H9.8 36.0 0.0 .4 0. 0. 67. 0. 0. 0. 00 
.,£313 .1 0.0 27.3 0.0 . 01 399.8 24.0 0.0 . 4 0. 0. 3,. 0. 0. 0. 00 
IU£3 14 ·' 0.0 26.6 0.(> . 02 H9.8 12.0 0.0 .6 0. 0. 346. 0. 0. 0. 00 
AtU 15 .4 0.0 11.5 0.0 .02 3'J9. 8 0.0 0.0 1 . 0 0. 0. 149. 0. 0. 0.00 

~ 
c..n 
c..n 
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